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L-ACIO. 1 -Na])hth<)l-5-Hu1|)homc aoul. i an avorago about 50 i).c, of colouring matter, 
LABDANUM or LADANUM p. OLEo-iuisiNS. 25 jj.c. of rcaiii, and 22 ]).c. of earthy impurities. 
LABEL VARNISH p. Varnish. I Lac dye is an extremely ancient dyestuflf, 

LABRADORITE v. Felspar. j-nd was employed in the East for many centuries 

LACCASE V. Japanese Lacquer ^ art. before it was known in Europe. It appears 

Resins. * to have been introduced into this country about 

LAT; DYE. Lac dye is prodyi^ed by an 1790. ^jjarly in the last eentufy, lac dye was a 

insect, the Coccus Uicca or fiens, living on the very important arti5k) of cummerg^^:-^ much so 

twigs of various kinds of tre^, particularly that at one time shellac was jl^actically a bye? ^ 
ih-Q Fiens religiosa {Linn.), t\\ei ZizffJms jujuba product oif its manufacture. The position of 
and the Bateajrondosa (Roxb.). These these pAducts has now been rpversed, for 

msectg appd^iii^isuall/ in November, and sub- whereas the elyestuff is almdtet no longer ased, tl|)ie 
sequently fasten themselves to the fleshy portions shellac industry is of considcrible importance, 
of ifho youilg branches. Gradually the«.bdomen According to the%)lder writers, the colouring 
of the insect^! becomes^covered by a viscous matter of lac dye was consider^ to ije identical 
fluid, whi(fli slowly f«rms a ^Huic surrounding >with that of cochineal, but that this is not the 
Ihe aniwial. 'J^he substance composing this case has been clearly established by Schmidt 
cellule is the stick lac. 'Phe cellule attains its (Bcr. 20, 1285). * ^ 

full sue in March, and the insect then exhibits Lwraic add. — l^inoly powdered lac dye, 
the apfieavance of a red fival -.shaped, smoothly after treatment with dilute hydrochloric acid 
])oliiiied lifele.ss sac entirely tilled with a to remove mineral matter, is Extracted with 
•beautiful red liquid ; it^ size is then the .same boiling water, and the colouring matter is pre- 
•ffs that of the fully grown cochineal ((Irookes, cipitated from the resulting solution by ^qans 
Dyeing andd'alico Printing. 354). (loramcrcial of lead Rotate, "yie load precipitate, suspended 
.stick lac is chiefly gathered ol1^th% hilly banks in water, is decomposed with ^Iphuretted 
of the Ganges in India, that for dyeing purposes hydrogen, and the filtrate which contains the 
Pijssessing a deep rod colour, whereas the pale free colouring matter is evaporated to dryness, 
perforate*! kind in which no insects exist is The residue *thu% obtained is extracted with 
employed for ^varnish-making, and constitutei^ alcohol and etlmr and is then adcrod to the solution 
the material for shellac. ufifil a precipitate no longer forms. The 

C)f fac, the following varieties occur ; slick filtered liquid on gr^lual |vaporation deposits 
lac, the crude prodlifct together with the twigs crystals of laccaic acm. According to Schmidt, 
upon which it# is formed; grained lac, the the amount of pure colouring matter which 
material removed >om* the twl^s ; and caked can be isi^lated Ij^This method from a kilogram 
lac, the la^r variety ^sed and cast into moulds, of ^ac dye is 20 grams. * * 

^ch a resinous material is not suitable fyr *A .silflpler process has been ^escribed by 
dyeing Purposes, and a simple process is adopted Dimroth ancX Joli^chmitt (Annalen, 1913, 399? 
to remove the colouring matter fr*)m the resin, (52), in which tlif| stick lac is digested in wati^, 
or at least to obtain ^ in a more concentrated at 50|, the clear red solution, after cooUngJ 
form. Thjf» consists m extracting the stick lac acidified with acetic acid, separated from the*^ 
with hot dilute sodium carbonate solution,^ ^resinous matter that is precipitated, and, after 
evaporating tho^ extract, aifc moulcf^g • the evaporation to^small bulk, acidised with hydro- 
residue into square oajies. .According to (Vookes chfcric acid. When the crude product thus ■ 
the product, which is lac dye, contains on obtained is crystallised from hot 85 p.c. formfb 
VoL. IV . . B * » 



•lac IjpE. 


aoid, washed, dried (at 60'^-70°C.), and recr^s- 
tallised from hot dilute hydrochloric* |md, 
laoftaic acid separates in the form of dark red 
mi#ro 8 copic rhorabohedra. The acid is soluble 


yields the hydrobromio aiid compound of its 
methyf ester coloiirl|j 8 

needles, m.p. 133°-134°»(accomposition). 

\-Bromolaccain sejmrates from wert^r in# 


in water yielding blood-red solutions, but is ; crystals of the composition 

‘ ‘ 2HaO 

! it has ^.p. 234°-235® ((Jecompo 8 ition)| 




insoluble in ether ; when helted it decomposes 
at about 180°, yielding a small quantity of a 

red sublimate. Only the sodium hydrogen salt an acid bath, an(^ gives • 

has been prepa^^cd in crystalline*?,ondition, and > ^ gtrohg red cdlour with ferric chloride. The 
to this Dimro^h ascribes the formula • i potassimn mt Ci^HCfgBrK,, HaQ, crystallises in 

j hexagonal platos. Concentrated sulphuric acid 
he concli^es that tlio acid has the com- ; and acetic anhydride produM diacMyl-p-hr^no- 
position 02 oHi 40 i,j# and not CjgHiaOg, ^^ \laccain anhydride Ci 6 H 70 gBf, indicating that 
previously supposed. • ^ ' two hydroxy groups are present in the molgcRle, 

• Although no distinction to ho observed , and that it also contains tjvo darboi^l gr^upl 
•^n the ,a^orption sjioctra of the a(i neons and in the ortho positmn, • • 

alkalinesl>ratif#!i*si 4 f laccaie and earmmic acids, tlxidation of ^-bromolac^in by meAns «C7" 
it is possible when '"the colouring matters are hydrogen peroxide 411 warm^lacial acetic acid 
dissolved in sulphuric acid to diseiiminate yields two products, viz.*(i) hydrox^iricarhoxy- ^ 
between them in this way. When fused with pJmiyl-glyoxylic acid, ana (ii) a compound 
potassftm hydroxide, laewiic acid ^i\es, in former, which itj the chief 

^^Idition to » substance (c* volatih' in stl^am* product, ^crystallises in plates, m.p. 220 -r)°- 
cofourless noodles, m.p. 142°^,] 43°; a com- 1 2.30° ^locomposition), rfnd on* treatment* with 
pound (h) 28r)°, concentrated sulphuric acid at 130" -140“ 

readily soluble in •watiT ; a (lompound (r) yields a phenol-tetracarboxylic acid whiuh 
*CgHg 03 , m.j). 100”, possibly a Jiydroxytoluic melts at 212°-2I4° * decomposition). 'Pho 
*acid ; and {d) an easily soluble substance, tlio Rccond oxidation product of jS-bromolaccam has 
aqueous solution of which gives a black colora- m.p. 188°-190° (decomposition), agid readily 
tion with ferric chloride (Schmidt). : loses bromine : for it Dimroth tentatively pro- 

Roduotion of laccaic acid with tin and poses the formula — 


hydrochloric acii^, or with zinc-diisi and aipieous 
ammonia, yields a compound (^ 2 oH]gO„, whic^ 
crystallises in brown-yellow rhomboiiedra, aim ; 
which on oxidation by means of cujiric chloride* 
and hydrochlord) acid, yields a substance ot the I 
finiriTiosi Am ^ ,Op. wli#^h Dimroth considers j 
is related totiK? former substaiMco as quinone to ' 
nydre^uinone. • 

Although laccafe acid does not yieM crystal- ' 
Igie bromination products similar to a- and jS- , 
bromocarmine, dbmpounds of this nature have ; 


(500H COOH 

I I 
HO-a /L\ 


h’or 


8 r,C II 

► O'- x;-' 

II I 

0 IJ 

)S-bromolaccain 


C— COOH 
-OF 


lolf**^: 


imroth and 


r: 


lOOH 0 


HOOC— C 




been obtained by Dimrolti from its oxidation I Goldschmidt suggest Hie 8tructure-;i 
produat, q^jaic^cid.* | /v 

Calaic acid is produced when laccaic acid i*! 
oxidised by means of hydrogen peroxide (2J-3-; 
mole«iiilar propoftions) in the presence of a I 
catalyst (cobalt, manganous, ccrous, or ferrous 
salts ; manganous chloride is best). 'J'his acid, l 
C 18 H 14 OH, cfystallises from ether in small | 
yellow prisms, and from water in needles having 
th^ composition CiyHj 40 ii, 24 H 2 D. It docs not 
possess dyeing properties, contains onotiarbonyl , 
and three jarboxyl groups, alid may be purified , 
i m its crystalline barium salt. A silver ; 


HO-<k 


\c/ 

k 


0 — Br 


0 


and for this th^ find support in •the fact that 
-i- .x - r 1 ,- ' 1 - 1 . ** •. it rosembleu 2 : 0-dihydroxy-a-naphthoquinonc 

by means of Its crystalline barium salt. A silver ; ^.^lour reactions. Moreover, it behaves 

®^^^i^Sp 8 ^i 2 DiiAga, has also bceri prepared. i yerv similarly to 5 bromocarmine in thatrit 
When calni| acid 18 brqjumat:(;d in Rkcial ] indone derivative, a-JuVmdnccain 

acetic acid, twB products are fonned : (i) an „.bromucaTmine), when its lioiling solution 
a-ketonic acid ^j^iyiiaBra, ana (n) ^-brdnso- . ^vater is treated with bromine : — 


laccain CigHgOsBr^^ these products being sopa- , 
rated by taking advantafe of the solubility of | 
the latter in cold acetone. * ! 

The a-ketonic aoid ffiryis br^hvn-yellow | 
crystals, m.p. 408°-2O9° ; it gives an impure j 
red- violet c^our reaction with forrid* chloride, 1 
«ind when heated to 8i°-90^ withi concentrated 
^ iulphuric acid, it loses carbon monoxide, | 
g^ielding a monobasic acid CuHjgOgBra* which ' 


0 (;;ooH 

II I , 

. ' Br 

“ *■ 1 ^4 


246" (dccompo^ion), and gives j , 

[et ci^ur readfioii with ferri^ This compound crystallises in colourless 
keto-aoid forAs a phgnyl^ needles? and yieSis 2 : 6-dibroinophenol-3 : 4 : 6- 


as m.p. 245°-24C" 
an* intense videi 

chloridA Th^l * , „ , . „ 

hydrazone and semicarbazone, and, by trftat- 1 tricarboxylic acid, pj.p. 267°-268°, and bromo- 
ftient with methyl alcoholic hydrobromio asj^d, ' form when treated with sodium hypobromite. 



Dyeing pro^erlmi—Th.Q dyeing properties with the urushinio acid (urushiol) of Japan 
of lao dye are practically identical with tHose of lacqnir. It is known as ihiUidl (-^jaHg-Oa, and 
coShineal, but tJie 8hadb» obtained are somewhat is a liomologuo of i^ohydrourushiol. The ofior 
ifaster.* Owing to the resinous and mineral extract consists of a gumniy substance solni)le 
impurities accompanying the colouring matter, in water, add a nitrogenous, coa^ulable substance 
it not readily soluble in water, and beforft which acts as an •oxygep carrier in the drying 
us* it is therefore ground to a paste ^^ith the of the lacquer, but loses its activity when boated 
.requilito quantity tin spirit together with a above 00° (Rosenthal, Farbenzoit., 1914, 19, 
little nydrochlono acid, and abowed to* stand 1573; Majimd^Ber. 1922, 55, 1^1)- 
overnight. Coohmeal,and,l8ic dye q^n bo used . Chinese lacquer. The tree abundant ui 
together with advantage, or after the wool is ! Central CTiina, growipg wild or under cultiv^^^^ 
dy^ with it may bo entered into a fresh ' at altitudes of .3000 to 7500 feet. It is tajijpii^ 
baa with oochinnal. Its employment at the , in June or early July ; ^allfiw iucisions^re 
prAont time is, bowever, extremely limited. j made in the bark of the stem and the greyish- 

• ^>>wlcr (Indian Textile Jour. 1917, 244) has ; wMte, milky juice collected in shells, bambo^)S, 
madt^tt^mpts to standardise various Indian &.e., and covered* with oiled paper to preyenbi 

^Dloift^ng matters so that tho3»may bo marketed , oxidation. The tapping is re|^u#;ediisc-ven times 
m uniform strengths. It would appear that at intervals of 7 days, andPtbe tree is then left 
‘ Lac dyo ’ is one of J,hose*with which he has for 5 -7 years to recover. Much of the varnish 
•been concefnod. • A. C. P. | is sent to Japan. lacquer is frequently 

LACMOID C12H9NO4 (?) • adultoi’ated with tung oil. • 

Prcparcifion.— (1) A mixture of tf-esorcinol • ijipanese lacquef. The kwiupr tree grows 
(20 parts), sodiuia nitijte (1 xiart), and water abundantly all over Japan, and is cultivate 
(1 part) is slowly heated to 110°, when a vigorous largely in the dfttrict north of Tokyo. Tapjiing 
reaction sets in ; the mass is then kept at 115°- takes place when the tree ^ 10 fears old and is 
120° until it has becom# quite blue and no more ' continued from June to October, each tree 
ammonia is evolved. The product is dissolved ; yielding from 27 to 54 grams of lacquer. Usually 
in water and the laemoid precipitated with tlic tree is left to recover, but sometimes it is 
hydrochloric acid (Traub and Hock, Bor. 1884, cut down. In the latter case, a furllier yield of 
1*7, 2015). (2) By fusing resorcinol (5 ])arts) , lacquer is obtained from the branches by 

with potassium nitrite (0 parts) (Benedict and steeping thorn in water for 10—20 days, and then 
Julius, ftlonatsh. 1884, 5, 534). (3) By the making incisions and heating the water to cause 

action of HgOa on ammoniacal resorcinol solu- t/ic sap to exude. The varnish thus obtained, 
tion (Wurster, Ber. 1887, 20, 2938). •called fieshinc-^irushi, is harder and of poorer 

To purify the substance, extract *t, almost quality, and is used only for groundwork and 
completely with boiling water, cool, •filter, and for chea^l articles, best quali^ ^^btained 
acidify the blue solution witk hydrochloric from between tjje iimer and outermark of trees 
acid. Filter* off the precipitatedlaciuoid, wash from 14 to 15 years old. It is called ki-iirushi 
with C0I& water and dry it below 100°. An (Pudor, i^^tsch. offentl. Chem. 1910, 16, 315). 
iliernative inetbod is t^ warm gently powdered A very infcrn»r quality, knqjvn as hokv^ysln, is 
laomoid(8p£!wo*y with20p.o. aloobol(lOOparts) used mixed with the bettor kinds in varyirife 
for 15 minutes, cool and filter (Foerster, Zeitsch. proportions. Both (Jhinoso and Japanese lac* 
angow. Chom. 1890, 3, 163). * quer contain urushiol {q.v.)p ^ 

Fropertks.'^k glistening brown powder, ^ Yunan lacquer is derived frofb l{."succedanca 
easily soluble in iffethyl, ^eth^l, or amyl JL. fils), Formosan lacquer from Setneocarpua 
•Icohol, •Acetone, acetic acid, or phenol, less vernieijera^ and ivy lacquer* from P. j^xico- 
easily in ether or water, insoluble in benzene dc'ndro'n. These contain laccol 023H35O<., a 
or pett-oloum spirit. It dissolves in concen- liomologuo of urushiol. Siam lacquer is pro- 
trated HCl or H2SO4, yielding a blue solution, bably a mixture of Yunan «ind Burmese 
Heated below 200° it docomposes. lacquers. Korean lacquer is probably identical 

* Laemoid differs fron#the colouring matter with Japanese lacquer (Riko Majima, J. Tokyo 

of litmus in being soluble in string alcohol. Its Chem. 1919, 40, 91 ). •* 

absorption sj^otrum resembles ^at of azolitmin TTio raw varnifh is packed in wooden tubs 
(Hartley, Proc. Roy. Dublin Soc. 5, •169). and covered with oiled jJiaper to present oxida- 

For the use of laemoid as an indicator, v. tion. It is prejiared for use by various processes, 
Thomson (Chem. News, 1885, 52, 18, 29) and tho quabty Stid value of the varnish and of the 
AciDiMiiflciY AND ALKALtMETRY. lacquered ware pftiducod depciiding upon tlie 

LACQUER iUrushi, Ki-uruahi). A varnish* tigi^ and care spent upon the purification, 
usually obtained from the juice of Rhus vernici- The juice is strained ir(^' particles of bark, 
fera (DC.), a tree ip^gonous to China, whence &c., and is allowed tt stanu in wooden vessels 
in early times it was introduced into Japan until it separates into various layers, when the 
(Bull. Imp. Inst? 1910, hB, 182; •!. Chem. lighter an# finer qu#lities are decanted from the 

Ind. 1910,639). •* heavier and infi^ior varnish., 4|.' ho product is 

Burmes* lacquSr, o# ‘ thitsi,’ is obtained from finally filtered through hempen or cotton cloth 
the dtenjs of Melmiorrhoea usitata (Wall) as a and exposed jji shallow '^oden paifs to the heal^ 
grey viscous liquid of sp.gr. 1*0016 at 20°, of the sun or to^ariificial warmth. It thu# 
which, on exposure to air, becoraos*firHt brown, becomes syrupy ajid of a dark brown colour, the • 
and then, very rapidly, •deep black. The drying chang# being due principally to loss of water.?*' 
of the lacquer is not accelerated by siccatives, It is thinned wBh camphor or oil of turpen1;jne 
and is retarded liy dry heat^nthe pres^jnoo of '•jr other suitable solvent.^ %, 
moisture being essential. The constituent of j!N)loured lacquers are prepared from ki- • 
the lacquer soluble ia alodhol is not identical uru^hi during tho exposure to the sun {v.a.) by 
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mixing in appropriate pigments, those most ^ ^ ' Chinese 

commonly employed being as follows (Miy6.ma, Moistifrc . P-^- “ 

J. IJoU. Engineering, Imp. Univ. Tokyo, 1908, Urushiol . bITMT'fiS „ ^'88 p.c. 
4,«01 ; J. Soc.- Chem. Ind. 1909, 31§) i— . 2-()2-7*67 ^ „ 23-5 „ 


IT/wYc.— Barium sulphat^ ; bismuth oxy- 
chloride. 

Red. — C^innabar ; rouge. 

Blue , — Prussian blue ; ultrampino. 

Yellow . — Cadmium sulphide ; 4ead chromate ; 
orpiment. v ’ 


Nitrogenous 

‘ matter . 1 •78-2*47 y — — c 

^ Sun-dried Japanese lacquer contains 94 ’5 
urushiol. ^ o ” 

Urushiol fo*ms a compound with barium 
hydro3fido,#and is festimatod by titrating with a 

1 A- f ,1 A 1 ^ ' -t 


Chromic oxide .(or by the addition 1 solution of that base, using pheholphthalein as 

V^indigo from Pjp/yj/oaa^n fmr/or?Yr« (Ait.) to the j indicator. * «/ V 

yellow lacquer). ^ « | Urushiol may be obtaineC from lacquer by 

Black.~-JMmj)h\&iik ; iron powder or com- | repeated extraction with alcohol, and is purilied 
pounds of iron. r * | by treatment with petroleum spirit. It is Jt' ligM 

r» Proien.— Mixture of rod and bla(;k. j brown, viscous fluid, sp.gr.* 0*9087 od 2f*f^7'4% 

I’ho so^alioi. ‘.pear-ground ’ lacquer, used , and is readily solfible in most organic 8oivent|^ 

with gold-dust, is p?(q)arod with gamboge. ! It forms a dimethy| ether an^Q an easily hydro- 
Vfie of the lacquer.— Tho prepared surface of ! lysable aci-Yyl derivative On dry distillatiou 

the article to be lacquered first receives several | «t yields various hydroeai4)ons and^ polyhydri(>' 

coats the poorer quality mixed with a special j qibenols, but no .simple alieyclic hydrocarbon or 
day called eh^.iyg-ehn, or iif some eases wilrii aH<l ordinary ix'riiene (Majima and Cho,^ Ber. 1907, 
"inferior clay or with pottery dust. After each i 40, 4JW0 ; Majima, i/nck 1909([? 42, 1418, 3004 ; 
coat,*^thc article is kept for scneral days in a | 1912, *40, 2727 ; Majima and Nakamura, }hixl. 
moist atmosplifro iiitil the lac(|iier has set, and i 19J3, 40, 4080 ; thid. 191.5, 48, 1597 ; Majima 
'it is then rubbed down with jmmice to a dull, ; and Tahara, tlnd. 19U, 48. KiOO). Tschirch 
smooth surface before another coat is given. i and Stevens (/.c.) found ni the lac an irritant 
The final coat is of the better (juality lacquer, jmison, named by tliem vernmferoL This 
and the article may be further decorated with a substance may be identical with th(! compound 
pattern in coloured laeipier. Any joint in the ■ Cijllg/f^JlaiOllja found in lacquer, which, 
wood is scraped down below the general level of , according to Toyama and Kayaba (CYtem. Soc. 
the surface and then filled up with alternate Abst. 1918, 114, li, 143), is poisonous. Lacquer 
layers of silk and lacquer. \ also (umtains a hydrated and a methylated 

‘ Lacquering is applied to small artiides, e.g.( \ urushiol which are toxic, and a dimothylated 
card-cases, vasCki, images, &(;., either for orna- , and a If^dro-dimethylaled urushiol which are 
mental Winmses or for ynictical use.*" Hollow | non-toxic.'^ 

articles (iflacit'der are made budding up a ; l.acquor poisoning may be produced in 
layer of lacquer and silk on a clay jqodel which ; suaceptiblccindividuals by jiassing ril^ar a lacquer 
is afterwards washbd out with water dhrough a ; tree or through a store containing lacquore^ 
bole le^jb for that jiurpose. (For full details of ' articles. . r **• 

tlio manufacturecof lacquered ware, .ere Nightin- LAC RESIN v, Resixs. 
gale, J. liidust. and Engiws'nng Chem. 1911, 3, LACTANIN v. SyNTUKTio nruroq, 

69; a^so Workshop ‘Receipts, 3rd series, 30(i.) LACTARIC ACID Y)(dl is obtained 

The drying*)! lacquer at fudinary tempera*, by extracting th^.fun^u.s Agan^ft tyteger with 
turos is caused by an enzyme (an oxydase) called I alcohol (Uhuii, Bull. Soc. chim. [iii.^2, 163); 
Ificcu^., eontainkl in the sa]) (Tsehireh and j m.j) f»9-.5‘^' -70'^. • 

Stevens, Arch. Pharni. 1905, 243, 504 ; J. vSoe. 1 LACTASE is the enzyme decomposing 
Chem. Ind. 1900, 81). During the drying it ; lactose (milk sugar) to dextrose and galactose, 
absorbs 6-75 ]hc. of oxygen. ; The distribution in animals is limited, (being 

It may also be dried by heat, this process j confined entirely to the intestine and generally 
being specially apiilicable to lacquered articles | of young animals 011I5'. Lactase has not bc^», 
of *gllss, porcelain, and y)apier-maehc (Miyama, | found in the maymiary gland or milk of animals ; 
J, Soc. Chem. Ind. 1909, 31 8^,. At 10(r it dries ! this fact is regarded as opposed to the theory 


in 4-5 holies, at ISO"* in 30 minutes, and at 180'' ; 
in 10 minutes. Tho drying by heat is attended I 
by absorption of oxygen and sonce decomposi- 
tion, giving a ^lark-coloured* coating which is 
harder and more durable tliancthe eold-iirjed j 
lacquer. Cohiured lacquers cannot usually be j 
dried by heat because of® the darkening of the , 
lacquer. For a similar reason it is not the ; 
practice to use ‘ driers ’ in lacquers. V 

Com]}ositio7i^ *0/ lacquer.—^he main con- 
stituent of most lacquers to which theiy peculiar 
properties afle due, is im unsatura^d polyhydric 
j»henol, urudiiol, having th^ formula CjoHa^Oa 
* (Majima, Ber. 1909, 42, *604 ; 191^2, 45, 

* I 

dMiyama gives the followfig analyses ofj 
typical' specittklns or® the juice* (J. Coll. Engfj 
^ Tokyo, 1908, 4, 89 } J. Soc. Chem. Ind. , 
466 ) 


that it plajns any part m the synthesis of lactose 
ill these tissues (Bradley, J. Biol. Chem. 1913, 
13, 431). Plimmer (J. physiol. 1906, 35, SO) 
found lactase in tlic cat and the pig lY'nring the 
Vhole of their lives, but only* in the young 
guinea pig. The gastro- intestinal sac of snails 
contains a lactase (Bierry^v Compt. rend, 1909, 
148, 949).' It is present in a few torula (N. 
fragiliSy kayi^r, ^b;.) and in kephir. 

Lacto.se is also hydroly8i<fl by tho emulsin 
derived from almondiii- wlliich uccordingly 
(Xintaiiis a lactase. Inhere is apparen'ily a 
difference between kephir and almond lactase, 
since the hydrolytic activity of the former is 
re((.tricted mainly by galactose, that of the latter 
mainly by glucose (Armstrong, Prob. Roy. Soc. 
1908, B, 80, 321). Accordieig to Stephenson 
(Bio-Chem. J. 19J2, 6, 260). the lactase in the 
intestines of animalsls inhibited only by gluccsc, 
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aT»l is therefore siin^lar to almond lactase. 
Dactasg also hydrolyses j3-methylgalactoaide 
'and melibiose. The opiimum activity is about 
37 Lactase is precipitated by alcohol, an^ 
bejAves very similarly to emulsin ; its rate of 
»cuo^ is governed by the same laws.* It ha# 
'not b«en fully investigated. E. F. A. 

LACTIC ACID or a HYDReXYPROPlONlC 
ACID (Uer. Mi1fhHaare\ Clf 3 CH{OH)€OOH, was 
first obtained by Schoele in 1780 from sour milk. 
ItsJoxact colistitu^on was, hoVever, first ascer- 
taiijod by Liebig ind Milscherlich (Annalen, 7, 
47/»and % Gay-Lussac and Pelouze {ibid. 7, 40). 
Pt is^^j^idely distribiijted in nature, occurring in 
the l^iBser 0bntaurv ( Eryihrcea (Jtniaurium | Pers.]) 
i^labefmann, Ohom. Zeit. 30, lO) ; in the sap of 
the vine ; and in nmst ferme#.ted liquids of vege- 
^table origiq^ especial!^ in sour milk ; it is not, 
however, present in fresh milk. It is found in 
beet molassjps, and owes its origin to the boiling 
of the sucrose solution with lime in tfle process 
of defecation (Sclferie and Tollens, J. 8oc.^^filom. 
Ind. 1001, 54; Weisberg, ibid. 375; Bcythum, 
Parcus and Tollens, Annalen, 255, 228). It has 
also been found in smal? quantities in saliva ; in 
the brain and under certain conditions in the 
gastric juicg ; in the blood and in urine. The 
acid obtained by Braconnot, and ternual tHincdc 
acid, as well as the ihcbolactic acid obtained from 
opium, have been proved to be identical with 
common lactic acid. On the other hand, the acid 
obtained by Berzelius from flesh, and further 
investigated by Liebig, differs from the^ordmary 
lactic eftid in certain of its properties, and is 
therefore distinguished as jHiralariic acid. This 
will be described later on. • 

Lactie acid is formed in the fermtmtation of 
NSfirious sugars, of mannitol, and of dextrin (v. 
rtRMENTATiciJl^b and alifb by the action of caustic 
alk^is on the sugars. ] t has also been obtained 
synwietically in a number of ways, the three 
most importani of which ^re the following : — 

( 1 ) Ald^yoe unite# with llydi#)gen cyanide, 
forming ^ nitrile 

GHa-GHO+HGN -CKs'CDfOHlCN ^ 
ind tilts on treatment with acids is converted 
into lactic acid ( WisUcenus, Annalen, 128, 13, 22). 

, (2) By the action of alkalis on a-chloro- 

jjopionic acid (Friedel aiid Machuca, Annalen, 
120, 285) 

_1H ;rCHCl-GO*OH+2KOH • 

-=CH3-GH(OH)aOOH -pKCH-lLD 
-(3) By the reduction of pyruvic acid with 
jodium annalgam, hydriodio acid (Wislicenus, 
A.nnalen, 126, ^7), zinc (Debus, ibid. 127, 332), < 
3r electrolvtically (Tafel and Friedrichs, Ber. 
1904, 3187) 

CHa-CO-COOH+ft5=CH3-CH(OH)COOH 

These synthe^s (pearly illiow fhot tte aoid is 
I - hydroxypropion jp %cid. 

In ordeP to distin^ish lactic acid from the 
illietraci^s it is frequently called ethylidene-lactit 
)r fermentation lactic acid. 

Preparation. — Lactic acid is usually pre- 
lared by the fermentatibn of sugar. McLauchfti 
,J. Soc. Chebi. Ind. 1909, 734) recommends the 
following method? 400 gram# of oommereial 
glucose are dissolved in 1200 c.c. of hot water, 
and to this is added 1^0 gr*^ms of whitening or 
well-powdered calcium carbonate and 20 grams 


of malt, previously boiled for a few minutes 
with^ 100 c.c. of water. 3'he solution is fJept 
simmering,for 30 minutes, then* cooled to 60''- 
70", and after stimng is poured into a narrow- 
necked bottle, ()r 2| ‘litres capacity. 'I'hc 
calcium carbonaf^e is rinsed out with water and 
the solution ^jiado U]) to 1800 c.c. The buttle 
is placed in an tir-bath at 45", a amall quantity of 
‘sour milk or casein added to star# fermentation, 
and a wad of cotton- used to stopper the bii^. 
The bottle is shaken every few^iours for 6 
and when the unfermentod sugar is less than 
1 0*4 p.c. the solution is filtered. The final 
j filtrate afk'r concentratiuik should be one litreyuf 
25 p.c, acid. Kassner ((diem. Zentr. 1897, liffii 
20) dissolves 300 grams of eanS sugar and 15 
grams of tartaric acid in 1?00 grams of boiling 
water and allows the solution to stand fur 
' several days, the temperature being maintained 
at 60“ ; fOO grams of old cheese and a litt^ more 
thaiPthe calculated fjuantity of timely powder^ 
chalk are the^ added and fermentation is 
allowed to proceed with daily st^rrmg for about 
3 weeks. Hronsch (Annal«i, 61, 177) proceeds 
in a similar manner, but during fermentation* 
keeps the temperature at 30“-35“. Lautemaun • 
{ibid. 113, 142) rexdaces the chalk in the original 
! mixture by 2 kilos, zinc white. After about 10 
1 days a magma of zinc lactate together with some 
I mannitol is formed, which may be recrystallised 
I from water, d’he purified salt obtained by 
i ally of theso methods is dissolved in boiling 
j*water, and precipitated with HgS, the filtrate 
I evaporated to a syrup, cooledf and separated 
from mannitol and my undeiiomjiosj^ salt by 
I extraction with other. The syruf wliich remains 
after evapeyation of the ether is then warnmed on 
the water^ath. * 

A largo number of micro -organisjis are 
capable of causing lactic fermomtation of sugar ; 
i these are classified a#(!ording to their morpho- 
j logical jiroperties, their grdwth on medi#, and 
#hiefly their fermentative power (r/. Lore and 
Brooke, U.8. DepL Agnc. Bull, 154, 1). Bac. 
acidi lacli, types i. and ii., and Bac. lactis cer^genes 
are those most commonly occurring, and of 
these the first named is by far the most plentiful. 
'The solution must bo kept neutral* and access of 
air must be allowed, as well as the necessary 
nitrogenous food. Its form in a highly nitro- 
genous taccharine solution, is a double trun- 
cated cone, and it ?iaB the tendency of all lactic 
bacteria to link itself together in pafts or short 
chains (Claflin, J. Soc. Cliem. Ind. 1897, 516), 
Where potat# or other starch saccharified by 
, malt is used for the mash, Bac. f)elbreicki, which 
fe#monts multifile, is usoij as the fermontating 
organism. (For further ^rticulars of the 
micro-organisms, v. Aidresfsch, J. Soc. (?hem. 
Ind. 1897, 53 ; l!e|phmann and Bazarewski, 
ibid. 1900f 698 ; Harden, Chem. Soc. Trans. 
1901, 624; J. Soc. Chem. ind. 1901, 921 ; 
Ha^himoto, ibid. 1902, 506 ; Beijerinck, ibid. 
1903, 106 ; Hfinneberg, iMd. 1904, ^32 ; Buchnei^ 
and Meisenheimoi^amialen, 349, 125 ; Wehme:H 
Chem. ^eit. 30, 1033; Heinemann, J. Biol.^ 
Chem. 1907, 2, 603.) Lactolase is an enzyme'* 
which causes t^ formation of Jactio acid# in 
Tilant cells (Stbklasa, Cnem. %entr. 1906, i. 
265s 1907, i. 828). Malic, succinic, tartaric, 
and. citric acids are all readily converted intd 
laAic acid by certain moulds such as Pencillium 
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gla^cunif Aspergillii-s mgp.r, and BotryUs*(^cra ; 
(BM. Zentr. 1908, 37, 215). ^ t ' 

the preparation of the acid frcim sugar hy 
the action of caustic alkalis, iCiliani (Her. 1882, 
699) recommonds the* following method: 500 
grams cano sugar arc mixed with 250 e.c. water, 
and 10 c.c. of the suljihiiric acid finjiloyed later 
on, and warmed in a llask of 2 lifres.cajiaeity to 
60“ for 2 hofirs. To the well-eooled solution 
40^*.c. of caustic soda solution ( I part of caustic 
part water) are gradually added, the mix- 
ture being consta'ntly (iooled. The exact 


the solution is neutralised with milk of lime%)r 
chalk in suspension, as the lactic acid Ijacteria^ 
are only healthy in solutions containingdbetween 
0*02 and 0*5 p.c. of acid ; the fermentation is 
best completed in from S to 0 days. The ^r- 
mented liquid, which cousins calcium h/tdatfi ^ 
with ^ layer of dead bacteria floating ori' it, is * 
evaporated amt filtered, h’or a commercial 
acid, decoftiposition*of tlie syrupy solution of 
calcium lactate ^vith siilpliuric acid give.*^ an 
acid of sufficient purity, w^ch rilay be Con- 
centrated ui varnd. Iron may be removedeby 


quantity of sulphuric acul nece.ssary is tVeii stirring the cooled liquor from the vaf:i/am 
fn h\ • iho nr irl i.q iirmmrcfl hv ' paus aiid leaving it to staivl for somc d®y^, OT 

the addition of a little potassium fefroc^nide 
has been used. It is iinpor^nt that the lact^ 
acid used hy the dyer shoiiltfbe iron-free. The 
concentrated acid for coipmcrcial ^purposes is, 
about 80 p.c. If a juire acid is required, the 


alfowod to flow ill ; ^ the acid is prejiared hy 
adding 5 jiart^ HoSO,, to 4 parts water, and 
previously directly ^-oni pa red with the caustic 
soda solution by Utration. A crystal of (llau- 
ber’s salt is added to facilitate crystallisation, 

the whole being cooled and well slu^keu, and . . 

allowed to stand 24 liowri^ Tlio mass is theij 1 Solution ealcium lactate is set to ,cry stall ise ; 
«:tractcd wifh 911 p.c. ahmhul, tiltercd oit the , the solid crystals are pros.sed to remove mother 


pump, 

ZndtX on the ?vnter-bath, then mix(*d with the 
other portion, and life wdiole allowed to stand 36 
hours. Tlie separated zinc salt is filtered off, 
well pressed, rccrystallised from water, and con- 
verted into the acid as before. 

Just as lactic acid may be obtained by 
boiling hexoaes and hexobioses with caustic 
alkalis, so it may be obtained from pentoses 
such as arabiiiose and xylose (Katsuyama, Bej\ 
1902, 669 ; Araki, Zeitseh. pliysiol (Ihem. 19, 


and half the filtrate fcutralised with i liqiuu^ and may be reiirystajlised if lequiied 


(Claflin, J. 8oe. (ffiom. Ind. 1897, 516 : Dreher, 
ibid. 1898, 1070; MeLquelian, ibid. 1907, 734; 
cf. Just, IJ.S Pat. 868444 ; J. 8oc. Chem. Ind. 

1907, 1211; 1). II. P. 203300; (^hem Zentr. 

1908, ii. 1843). Various methods have been 
patented for the manufacture of lactic acid, 
differing mainly us to tlie source of tho saccharine 
solution. Misiin and Lowin (Kng. Pat 10436 ; 
Pr. Pat. 35.5520; J. fSoc. (’hem. Ind. 1905, 

. ........ 1248) place alternate layers of malt and rye in 

463) and from ^anc sugar and raffinose (Bey- ■ a suital^e apparatus until saccharifici^tion of 
thien, Parims, and" 'Tidlen.s. Annalon, <p55, 222). ' the st arch i« complete. Tho must is removed 
Meiscnhahv^c Qk^r. 1908, fl)09) states ihai lactic ■ by pressure and fermented ns in above method 
acid is formed in small qiiuntiifes when glucose. I (f/. Brookes, ‘Eng Pat. 6780; Soc. Chew. 
fructffsc, or galactose are allowed to stand in 1 Ind. 1885f 116; Avery, Pharm. J.‘ Aug. 5, 
dilute sodium hydroxide for many fnonths in 1882). Jean and Bougard obtain lactic 
the dft/ic. * ' from powdered grain or oil-frea^ike (Pr, Pats. 

Ma?m faciurr.— There are three stages in the ' 316326, 316326, 321374; J. Soc. Chem. Ind. 
manufacture of lactic ac/11, the preimratiori of I 1903, 2£6), and Claflin uses as Uie stafting 
the sifccbi/rine^solution, the fermentation jiro- material a wort con^Ahiing ahcait 10 p.c. of 

fermentable cnatSsrial (K.8, l^at S611C3 ; J. 
Soc. t'hcm. Ind. 1907, 985). Boiilkuger acts 
oA’ starch or sugar containing substances with 
mould such as Jiumer acetoseUa, and then 

Chem. 


cess, and the conversion of tlie fermented liquid' i 
into commercial^ lactic acid. Tho saccharine | 
solution, which should have a sp.gr. of about 
1*076, i.p. a saccharine content oi 7P11 p.c.,; 

and which should bo faintly alkaline or neutral ' poceeds as above (J). It. P. 118083; 
but not acid, is sterib'sed either by boiling for an i Zentr. 1901, i. 650). 
hour, or by blowing live steam into the solution ! 
foi otie hour at 95°. It is advantageous to have ; 
about 10-15 p.c. of the saccljarine matfer in the , 

form of cage sugar and tho remainder as glucose. ■ is to take 200 litres of calcium lactate solution 
After sterilisation, the liquid is convTyed to tho | (I0°BA), obtained from fermentation process, 
fermentation tank, cooled to between 45° and | and evaporated to 60 litres ; 60 kilos, a 
66°, and improgjiated. Where connnuous manu- j 50 p.c. solution of lactic acid is added and then 
facture of lactic acid is carried oj^, impregnation j. the calcium lactate is decomposed by sulphuric 
takes jilace from a pfoviously fermented li^fior j acid. The solution of lactic acid thus obtained 
where a lively ferrucntatipn is in progress ; for ! is 50 p.c. (Eng. Pat, 7094 ; Er. Pat. 401396 ; 
‘ ‘ * J. 8oc. (5nem. Ind. 1909, 674). 


Boehringer states ^hat calcium lactate and 
sulphuric acid form a jiastc which is vef^ 

, difficult to worl^ up. ff’he method tecommended 
) tti 



bo well nourisIfSft with nitrogenous matter, ^he 
most convenient sources being vegetable matter, 
•c.y. as extracted fro]5l brail hy %he action of 
i tioiling water and dilute acid# If mineral food 
»is employed, ammonium salts shouldc be in 
excess of nitrates. Poliak i^ims that tho 


bfiftwers’ 

slop and from the waste jyater of jajp factories. 
Qne such method consists in neutraUsinjj the 
liquid with milk of lime, partly evapbrlting and 
causing the albuminoid substances to coagulate, 
fi^/eriug and allowing the calcium lactate to 
separate out from the filtrate (Beckers, D. R. P. 


arilount of la^ic auid is inqfeased by th%.' 104281 ^ Chem. Zentr. 189% ii. 926 ; u. also 
repeated addition of ammonium salts inopre- ; Beckers, D. R. P. 113383; Chem. Zentr. 1900, 

S the mashes for fermentation (Eng. Pat. ! ii. 702 ; Roehr, IXS. I?at. 823366 ; J. Soc. 

1913). As the fermentation proceh^s. ' Chem. Ind. 1906, 901). 

^tHe tempeEatiiro is allowed to decrease ana Several processes have been patented for 
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jSurification of the acid thus obtained. •Waite i 8olu|^(jn and the precipitaio is not washed free 
(Eng. Pat. 13403 ; IT. Tl. P. 140319 ; J. Soc. ; from mother lic^uor, the acid obtained willabe 
*Chem.*|nd. 1901, 931)^ washes the crude acid optidhUy active. This would also be the cjjise 
with amyl alcohol and distils off the solvent from if the bacterial a^ion had been such as to pro- 
thoialooholic solution 4 )f the acid, or washes thffi duce an excess of one isomeride {cf. Pottevin, 
johi^on with water and concentrates th# aqueous J. Soc. Chem. hid. 1899, 700). Wehmer re- 
> solution. Blumenthal and Chain ( D. R. 1 . commends the Use of Oidium lactis and two 
169992 ; J. Soc. Chem. Ind. 19t)7, 279) mix the mycoderma tJ^docomposo lactic acid in liquids 
crude acid with aniline (l£(f parts 60 p.c. acid where its presence is not de^able (Chem. 
with 93 of anilfiie) and cool to — 5° ; thoprccipi- Zentr. 1903, i. 891), An aqueous solution of 
tatf is recij^Btallised from a ^mall quantity of j lactic acid is stateil to decompose in sunngh^ 
wajtor, decompose with steam, and the acid ; into acetaldehyde, pyruvic aciif, carbon dioflao, 
concentrated in vacud. Nocrdlingor (Kng. Pat. 1 and water (Canassini, Boll. (yhim. Farm. 48, 
2641ft; Fr. Pat. 304468; T). R. P. 221786 ; 1 78*5; Giorn, Farm, (diirm 61, 540), but this is 
U.S.^Pat# 924494 ;* J. Soc. Chem. Ind. 1908, , denied by Neuberg (Biocfiem. Zeitsch. 39, 1^^ 
1^5) distils the crude acid in*a current of inert ' Oxidation of lactic acid with hy#lrogcn peroxide 
gas. The water first expelled and then pure ; yields pyruvic acid (Fent«n and Jones, Chem. 
laotic acid passes over. Landau (Eng. Pat. i Soc. Trans. 1900, 71) ; with bromine water, 
*7998, 191^ boils fflie commercial acid with ' p 3 Tuvic acid (Ciusa and Piorgallini, Atti R. 
charcoal while a current of inert gas is passed j Aocad. Mncei, 1914, 821) ; oxidation by iiacteria 
through. It is concentrated m vaciM to 90-9.5 '•yields pyruvii; acHl and kotopic substances 
p.c., and the ddktrins present precipitated by i (Maze, Oompt. rend. 1918, 81, 1150); witti • 
alcohol. After standing 24 hours, the liquid is | potassium pernfanganate, p 3 rnivic acid (Apstoff, 
filtered and the alcohol distilled off. Blaise j J. 1 hiss. Phys. Chem. 8oo- 188^ 2, 249), acetal* 
recommends boiling tie technical acid for 12 i debyde and malic acid (Schoorl, Zeitsch, 
hours with an i^qual weight of water, and con* ! angew. Chem. 1900, 15, 367) ; with dilutet 
centrating quickly in vaevd at a temperature j sulphuric acid at 130", or by heating alone at 
not above OO”^ (Bull. Soc. chim. [4] 15, 666). j 440''-460°, acetaldehyde and formic acid (Nef, 
In another process the mixture of ealeium { Annalen, 335, 206) ; with chromic acid, acetic 
sulphate and laotic acid is dried at when acid, and carbon dioxide (Dossios, Zeitsch. 
laotide and lactic anhydride are formed. After' Chem. 1866, 451 ; Chapman and Smith, ibid. 
removal of the soluble impurities, pure lactic j 1867, 477). Photochemical oxidation in the 
acid is obtained by hydrolysis in sieamdU.S. Pat.^if presence of uranyl or ferric salts yields aoetalde- 
1240706,1917). Erdraann(D.ll,P.2nm6;Chemi , hyde and carbon dioxide 4^olin, Zeitsch. 
Zontr. 10JO, i. 701) ohtninB pure Jactfc acid from j physika^ Cliem. 87^ 490). Oxidatw of the 
copper lactate and water, heated§at 150“-250'^. I ammonium sal(^ with hydrogcntpc^oxide yields 

Properties —The acid thus obtalhed forms a acetaldehvdc, acetic acid, and carbon ^oxide 
syrup of sp.gr. 1 •21-1 *24, and is soluble in all (Dakm, J. Biol. Chem, 4, 9i). Reduction with 
*proportion8 water find alcohol, less readily hydriodic acid yields propiopic acid. Electrolysis 
in other. It is hygroscopic, colourless, and of the sodium salt results in 4he production t)f 
inoAorous, hut has a very sharp acid ta^te. 'The acetaldehyde and ^arbon dioxide (Walker, 
syrup is, howqyer, not the pure acid, but a mix- Ghem. Soo Trans. 1896, 1278 ; Ber. 1894, 407 ; 
ture of th#latter witl# small fuai^tities of water ^olbe, Annalen, 113, 244). Piffisphftrus penta- 
and thQ»*nhydride. The pure acid cannot be chloride converts lactic acid into a-chlorpropionic 
obtained by evaporation of the aqueous solu- acid (Walden, Ber. 1895, 1293 ; Lo Be^ ibid. 
tion, %s formation of tho anhydride commences 1895, 1923) ; bleaching powder converts it 
before all tho water is driven off. Krafft and chloroform and formic acid (Eberhard, 

Dyef (Ber. 1895, 2589; Chem. Zentr. 1896, i. Chem. Soc. Abstr. 1901, i. 357). Lactic acid 
•742) have obtained lactic acid in the form of reduces the nitrates of the heavy metals, e.ff. 
•fery hygroscopic white crystals, m.p. 18", by bismuth, silver, mercury, cadmium, &o. ; cobalt 
tho distillatipn of the commercial acid under and nickel yield strongly magnetic pewfters 
reduced pressure. Lactic acid fb slightly volatile (Vanino and Hauier, Zeitsch. anal. Chem. 19W, 
at the ordinary temperatures, lactide is less 29, 506). When the silver salt is treated with 
volatile, and lactic anhydride practically non- alkyl iodidep, the hydrogen of the hydroxyl and 
volatile (JJuller, Bull. Soc. chim. 1896, 15, 1206); carboxyl gieups are both attacked (Purdie 
lactic acid is volatile in steam, but not sufficiently; and Lander, Cheifl. Soc. Tran# 1898, 296, 300). 
volatile to bo quantitatively separated from thermo -dhemical d|da, t\ Berthelot and 
aqueous solutions by this means (Utz, Chem. D€>16pine,Compt. rend. 1899, 129, 910 ; dielectric 
Zeit. 1905, 29, 363^. Lactic acid contains an constant, electrical cctiducltvitv, Dnide, Zeitsch. 
asymmetric carbon atom, and hence (g^n exist in physikal. Chem. <3, 349 ; Walden, ibid. 46, 
+WO optically active AoaificaRons (v. infra). 103 ; 54, <129. • 

?he fermentatiorslaotic acid is optically inactive. Lactic anhydhdc , which h%St been mentioned 
lut^ihe acid obtainea from the works is some- alfove, i# formed by the elimination of a mole- 
imea bj^tically active. According to MoKeniie culo of watej from two jnolecules of the Acid in 
Chem. Soc. Trans. 1905, 1377), this is due to the following maffner, the one molecule aotigg 
he fact that tho actmn of the pure culture on S'® an alcohol ana the other as an acid • 

ugat is to, produce equal amounts of d- anfl I- CHjV^H'OH HO'CO ' ' 

joraerides. On converting these into the | i ^ 

alcium salts and recrystaUiling, the* crop of'* CO’OH • HO'CH’CHg *«• 
rystals which separate^ is mostly calcium CHg’CH — ^0— - — CO 

- salt, the active salt remaining in solution. If ‘ ~ [ L -f-HjO* 

rystaUisation takes place from a concentrated# * COOH HO’CH'CHj • 
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This compound, lactic anhydride or J^cto- 
laclh acidf is at the same time an alcohol, an 
aci4» and an ethereal salt, it is a light yellow 
amorphous mass, easily soluble in alcohol and 
ether, insoluble in water, and ts decomposed by 
alkalis, forming salts of lactic acid. 

On further heating, another molecule of 
water is driven off, forming a sec^id anhydride 
called lactide ^ 

CH^'CH 0 


COOH HO-(!fi-(Tl3 
(!H,-CH~()- 


■CO 


+ IL.(f 

CO-O- Cll-CIIa 
This substance, which is a double ethereal 


with a<!i(l ; (i.) gives actual amount of aeid'aijd 
(ii.) of anhydride (Philip, •('ollegium, 19()b, 88; 
Kunz, Chem. Zentr. 1901, i. 791 ; Bellet, < 
Bull. Soc. chim. 1913, 13, 506). Ot her methods, 

?/. Ulzcr and Seidel, Monat^h. 18, 138 ; Paessier, 
Collogiun*, 1907, 388, 390 ; Phelps and Paiper,, 
if. Amer. Chem. Soc. 1917, PSO. Estimat^n in . 
wines, •?». Kunz* Chem. Soc. Abstr. 1901, ii. 
700 ; 1 903, ii. 701 f fiost^gni and Prandi, C9iem. 
Zentr. 1903, ii. 409; Muller, Bflll. Soc. chim. 
1890, 15, [iii.| *203; Parthiel, ^hem. 

Abstr. 1903, ii. 189; Arch. ^'harm. 2il, 40d ; 
Paris, Chem. Zentr. 1908, i. 773; TrummV* 
('hem. Zentr. 1908, ii. 101 ; Ifeiduschka^anci 
(Juincke, Arch. Pharm. 24.7^ 4.78. In mfitf, r. 
'riiorner, Chem. Z«it. 10, 1409. 1519. In nrineigij. 
Proc. Physiol, Soc. 1909, v#^vii. ; J. Phj^siol. 


salt, is very slightly soluble in water, and forms ! 39 ; Biochem. Zeifsch. i^iS, 175. In gastric 
white needles melting at 124*5° (Bischoff and juice, l)e .long. (9iem, Eentr. 18ft0, ii. 800. 
Walden^ Annalen, 279, 71 ; Nef, dud. 3rl5, 29<» ; Jjti the presence of jiyruvic acid, Czapski, 
Raper, J. Physiol. 32, 210). ♦ , « Biochem. Zeitsch. 71, 107. For the\‘xtraction 

• Detection and eMrrruition . — On heating lactic of lactic, acid from the tissues^ amyl alcohol is 
acid j^ith potassium chromate**and Kuljihunc recomrfiended as the most suitable f.olvent, 
acid it is doei/lnpos^d into formic acid and Ohlsson, ('licm. Soc, Abstr. J 91 (i, ii. 542. 
acetaldeliyde. 'J’he mixture is distilled and Technical Lactif c aoul is used by the 

fVapnurs collected in Nessler's solution, giving a ^ woollen dyer as an assistant in mordanting with 
yellow precipitate or opalescence (Lassar-CJohn, j ])otassiuni dichrumatc and its advantages over 
Annalen, 284, 220 ; Windiseh, J. Soc. Chem. tartaric and oxalic acids are its greater uducing 
Ind. 1887, 202) 'Thorns (Apolh. Zeit. 1907, 22, jiower, the greater soiuhility of itself and its 
200) recommends treating a few c.c. ot the .salts, and the fact that, it is less corrosive It 
liquid with 3 or 4 drops of 30 p.c. solution of I gives the wool a very One, soft ‘ haiidlp and a 
chromic acid sufficient to impart a bright yellow I beautiful lustre. Lacfolm, wliich consists of 
tint. In the presence of free lactic acid a reddish- ^cqual jiarts of lactic acid and jiotassium lactate, 
brown ooloration^ is jiroducod on warming the ^ is stated tfo be superior to lactic acid, whirh is in 
solution ^1 the water-bi^h for 10 fliinutes. itself supeAor to tartar (ClaOin, l.c. ; Norton 


Deniges ^r»i. ^C!him. isf |vui.] 191) treats 
the sdution witli bromine wSter, and then 
after the addition .of acetie acid a *^^cd -violet 
colour is produced on adding sodium nitro- 
piussidc? ■ Lactic ^ciU gives a red coloration with 


and Tuttle, J. Soe. Chem. Ind. 1891, 203 ; Hoff- 
mann, i6id,*1890, J90, 540; DrehoA ibid. 1890, 
448; 1898, 1070; 1899, 491 ; Kiclmeyer, ibid. 
1899, 308; Kapff, ibai 1900, 059; Fuchfy 
(Jhern Zentr 1 897, i. 1183; Alvlier, J. Soc. 


alcoholic guaicol solution and may thus be dis i C'hem. Jnd. 1897, 140; Diirmg, Bull, Soc. ^ncl. 
tiiiguished from acetfc, majic, benzoic and sah- Mulhousd*, 1902, [v. ) 3 ; Paessler ana Appelius, 
cyhc afiidstHartwig and Saar, Chem Ztg. 1921, , (Collegium, 1903, 152, t53, 104, Aniline 

46, 322). Other methods, v. Deniges, Bull. > lactate is usc/l in producing aniline black on 
Soc chim. 1909, 047 ; ('roner and {Jronbeim, cotton (Coldovsky, Bull. Soc. Ind. IflVilbouse,^ 

J. SocTfdiem. Ind. 1905, 1258 ; Herzog, Annalen, Jan. 9, 1900; Schencr and Solioellkopf, ibid. 
1907, 351, 203. _ The following ])rocess has been I J901, 102 ; During, (jhera. Zentr. 1905, i.^616 ; 
recommended Vy dean (Ann Chim. Anal. A})pj. 1 D. R. P. 90000 ; J. Soc Cliem. Jnd. 1899, 1J119). 
1900, 5, 285) for estimating the commercial acid. ! The double lactate of calcium and antimony is 
(i.) Total acidity is determined as H^SD^ ; (n.) j used in mordanting coH^oii, and as a substitute 
free*afids by evaporating three times to dryness ; for glycerin and tartaric acid in printing fabrics 
on the water- bath; (hi. ) lactic weid by e vaPoratmg (J)rehcr, J. Soc* Chem. Jnd. 1891?, 919, 921). 
10 c.c. to (iryness several time.s, and di.ssolvnig ' For method* oi obtaining double lactates of 
the residue in water. The solution is heated to | antimony and calcium or of antimony and 
boiling, neutralised with barmni ciuljoiiate, and ; alkalis or alkaline earths, v. Moritz, Zeitsek. 
then filtered ami evaporated! to dryness in a ' 
platinum dish. The residue is incinerated, to 
carbonate, extracted wfth boiling water, collected 
on a filter, well wished^ and dissolved in a 
known volume of decinormal*liydrochloric acid. 

The solution is heated to ^movo t^e carbon 
dioxide, titratecLwith decinormal alkali, and the 
volume of N/lO-nydrochloric acid neutr|iliscd by 
the carbonate formed by subtraction. This 
%mber of c.c. x 0*009 given wei|ht of lactic 
gimd originally present, 


angew. Lbem. 17, 1143; Akt. Ges. “^Reavler 
f^heiu. Fab. K. Mayer, D. R. P. 13G135 ; C'hem. 
Zentr. 1902, li. 1286; Ch. Fab. von Heydon, 
D. li. P. 184202; Chem. goc. Abstr. 1907, i. 
888 ; Boehringer, I). R. P. 98939 ; Chem. Zentr. 
1898, ii. P231 ;i Ch.^wke Schuster and Wil- 
hclmj, D. R. PP. 216168. 21^606 ; Chem. Zentr. 
1909, ii. 1908; 1910, i. 701; “ r 
. A solution containing the lactates t,of ♦alu- 
minium, calcium, and tin has been used instead 
of the above fOswald, Bull. Soc. Ind. Mulhouse, 
lOCM), 343), whilst Boehriicger (D. R. P. 91^30 ; 
(Jhem. Zentr. 1897, i. 1189) employs zinc lactate 


To estitnate the amount 
«f lactic acid and lactic anhydride preseiR in a 
sample of lactic acid, the folloi|ping process is , *. 

uwd; (1) diluto«8ampite with waier and titratcLfor the ^me purpose. Lactoiin and sulphuric 
with normal soaium hydroxide, using phewol- acid are used in hat dyeing (During, J. Soc. Chem. 
plithalein as an indicator ; (ii.) add a known j Ind. 1900, 600; i90H 470)* and lactic acid, free 
excess of sodium hydroxide and titrate bao^: ;.from traces of iron, is used as a discharge for 
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Ti^kljy red (During, ibid, 1900, 1013). *11 has (Wislieeniia, Annalcn, 125, 49; Engelhardt and 
also been used as a solv^ent for dyestuffs insoluble Maddrell, ibid. 03, 88 ; Briijiing, ihii. 104, 1^2). 
in wat«^ (Dreher, ibid. J897, 1014; 1898, 919, Ammoiyum lactate is crystalline and very 
^^21). ^ hygroscopic. On ^distilling it in vaend, acid 

Lactic acid is usod,in tanning for colouring* ammonium lactase, a .syrup (b.p. 140“ at 
featir^, and plumping. In preparing trfie sking 10 mm.) passes over (1). R. P 247,240; J. pr. 
it conipletely remofes the lime, ensures a fine (3iem. [2] 87,^58). 

oven grain, and does not dissolio the hide sub- Calcium lactete (03H5()3)2Ca,5H20 is usually 
stance. It is easier to control than the bran obtained direct from sugar in th# preparations 
drench, which fs also u.sed for this purpose, and of lactic acid (r. .mpra) In small quantities 
whjjh owes^ts efficiency to tilfe lactic acid pro- it is somotimos prcj)ared by ii^utralising 
ducked during th«^> fermentation of the bran acid with chalk. It forms ottulinower- like aggre- 
((ll|^fiin, J, Soc. Chem. Ind. 1901, 210, 590, 730, gates of microscopic rliombic needles, which are 
913 ; •Paessler and Appelius, ibid. 1902, 1401, soluble in 9*5 parts of coldfinuch more readilygu 
57 ; ^9034 i 1201). it is also used in the prepara- liot water, and also soluble in alcohol. It lo8e^<!i 
[(ipii (liiyoast (Riichler, tbid. 19^1 , 370) and in the its water of crystallisation at 10(T“, and at 250“- 
distillery, r.g. to Vieck the bacterial develop- 275“ Joses another molecule 8f water, forming cal- 
ment in the ‘ ilefen^it ’ masli (Moritz, ibid, cium dtlaclalc The pro- 

*1899, 778).* • duct is a vesicuJar mass, from which alcohol 

Lactic acid is also used for medicinal purposes^ extracts ^oine unaltered calcium Jacta#, and 
in cases of Iflryngeal tuberculosis and (if infantile ^av€i» the new eoitlpound behiikd as a ver*^ 
diarrhcea. It dii*iolves false membrane ^nd a slightly soluble ^substance (Friedel and Wiirtz 
solution of 1 part of acid in 0 parts of water is Ann, ('him. Rhys, fiii.] 03, 114). ♦ 

einjiloyed in the local treatment of diphtheria Barium lactate (C3Hi^(^)2Bii,4H20 crystal- 
aiid croup. Local a|^iheations arc used in lises with gnmt difficulty, forming cauliflower- 
stopping the growth of venereal worts and in like aggregates. Jt does not lose all its water of ' 
troatment of tuberculous ulcers, lupus, and crystallisation at 100“ (Meyer, Rer. 1880, 2454). 
'Epithelioma. Calcium lactate is used in the ' Magnesium lactate (C3H503)2Mg,3H30 is 
treatment of rheumatism. For iiharmaceutical iHcpared by dissolving lactic acid syrup in 10 
purposes, the acid must bo c-olourlcss and times its bulk of water, and neutralising with 
luodorous, and have a sp.gr, of at least 1 21 , and basic magnesium carbonate. The solution is 
should leave scarcely any residue on ignition, ovajioratcd until a skin forms, and then allowed 
It should be unaffected by Nil 3 and (NH4)2S, crystallise. It forms small light prismatic 
should give, at most, only a faint onalescence crystals, which frequently unit#to form crusts, 
with BaCJo, AgNOg, (NH4)2C204, alid should It disso Ives ill 28 pa’^Is of cold and (j^'iDarts of 
give no precipitate on boiling wi^li Barreswil's hot water, formiiig a neutral very*bitter solution. 
(Fehling’s) sAution. For its infliienct in human It Joses its water of crystallisation at 10(1% 
dietary, v. J. Soc. Chem. Ind. 1920, 23(1. Zinc lactate (C3H503)2Zif,3H20 is best ob- 

• Esters. 'Fhe esters •of lactic acid may be tained direct from sugar liy noutrali^ijig the 
prepared by bating a salt of lactic acid with ^ lactic acid 2)roduced with zinc etorbonatc or zinc 
sulpjjuric a^d or gaseous liydrogon ^chloride I white (Lautemann, Anualeu, 113, 142, KiUani, 
and the corresponding alcohol; or tlic anhydride | Ber, 1882, (>59). It crystallises better th^ any 
(lactide) m^ tie < treajeef witL aj^cobol in the , ^tber lactate, and forms colourless, well-dc- 
jjresence aluminium sulphate or titanic acid 1 vclopcd, four-sided rhombic prisms. It loses its 

«ihydndo as catalyst, D. R. T 278,487. The i water of crystallisation in vaedd or at lOOii, It 

liroduct is distilled in vacuC, whereby tlie pure ! di,s8olve.s in 53 jiarts of water at 15°, and in (i 

ester i^ obtained. By treating the pure ester ' jiarts at 100“, forming an acid, bitter- tasting 

with |team, distilling off the alcohol and con- solution, it is very slightly soluble in alcohol 
(lentrating, the pure acid is obtained ((_'li. Fab. (Strocker, Annalcn, 105, 31b). 

(J^strow, Killringbaus aift Heilmann, D. R. P. Ferrous lactate (C3H 503)2^6, 3H2O. T|iis 
ni835 ; Chem. Zentr. 1900, ii, 470). salt wasLitroduced into jiharmacy by (i61iS and 

Methyl estir. Colourless liquid, b.ii. 144*8°; ('onto in 1840, aitd was again recommended 
sp.gr. 1*0898 at 19° (Schreiner, Annalcn, 197, 12). in 1847 by Engelhardt and Madflrell [l.c.). 

Ethyl ester. Colourless liquid, b.p. 154-5°; It is best prepared from crude calcium lactate 
sp.^r. 1*0308 at 19“ (Schreiner, l.c . ; Friedel and in the followieig manner. The ^ude salt is rcr 
Wurz, Afln. Cliim. |iii.] 03, 102; Bruggen, ^crystallised from ^ater to whieli a little iime 
Annaien, 448, 2^7). [ha# been adde<f, and if nqpessary the operation 

Ethylidene ester. Prepared by heating rejieated. To the cone, aqueous solution of the 
acetaldehyde and la^^ic acid at 120“~170“ for purified salt the tliooi^tical^uaiitity of ferrous 
soine hours: colourless liquid, b.]). 15Q°-151*5“ chloride is added, find the mixture allowed to 
(Leipen. Monatshf 9, ^5).« • • | stand for 3>days in sicool jilace. When no more 

Glyceryl mono- #iid di-lactates {v. Kalle & ! crystals form the firecipitated aait is filtered off, 
Cki. D. R. i*. 2ldl)17^ Chem. Zentr. 1910, i. wa4lied with a little alcohol, and dried at 60°. 
214).* 41 » Ferrous la#tate form s^greenish- white crusts, 

Salts. The salts of lactic acid are all of needles, or a sltiilarly coloured crystallin® 
soluble in water, many so readily tSat they are J powder. It dissolves at the ordinary tempera- 
very difficult to obtaia crystalline. G'hey af e , turo m*48 parts, and at 100“ in 12 parts of 
obtained by direct neutralisation of the free acid, water, forming Jb acid solution with a sweetish 
or by double deciftnposition f»)m the oalcium 1 Bhalybeate taste* The somtion IWcomes yellow, 

' andAhen brown, in the air, ferric lactate being 
The K, Na salts ate veHy hygroscopic, and j formed, and also undergoes alteration on evapo-* 
only the latter has been obtained crystalline ' igllon ip the air, leaving a hygroscopic residiie 
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coij^aining ferrous and ferric lactates and lome . 
free acid. The dry salt is unaltered in tl^f air, ! 
and loses its water of crystallisation ’wihen heated | 
at 1 00*^ in a current of hydrogen. 1 

Silver lactate tJaH^tlaAg.lHaO is pepared j 
by treatin^^ freshly prepared lactic acid, after i 
cooling, with silver oxide, (‘vajjor^ting the ‘Join- | 
tion in the dark in v(ic?iit at the ordinary tempera- ! 

- tiire. It forilis colourless needles, soluble in j 
20 jKii'ts of cold water, insoluble in cold, but j 
riHilily soluble i^i liot alcohol. On heating the j 
salt in the dark for^S hrmrs at 80", anhydrous 
silver lactate is obtained (Klimenko, J. K^ss. , 
(Jbem. yoo. 12, 07 ; • BerUielot and Delcpine. , 
"^.'orapt. rend. 129, 920). ' 

Bismuth lifctate BiC«lIoOg,7Il/) is pro- ! 
pared by the slow dissolution of freshly precipi- | 
tated bismuth hydroxide in laetie aeid slightly i 
diluted with water, 'f'ho solution |;radually , 
deposifs needles of tlie hycb'ated salt ; on heat- i 
kig to 105“ tins yi(dds the irnhydrous salt, #hielf ; 
is very sparingly sol u hie in wilier The latter j 
may*be oblaiiyd by digesting freshly jirecipi- i 
tated bismuth hydrixido in laetie arid at 100“. ! 
It forms rhombic lahlets which decompose i 
* slightly when boiled witb water for some time ' 
(Telle, Arch. Pharm. 1908, 240, 484). 

Mercury lactates. Mercurous ladafo 
(C3H/)3)2iig.DgD 

is prepared by dissolving freshly precipitated ■ 
mercurous oxide in dilute la<4ie acid, which has ' 
previously been heated with water to destroy, 
the anhydride ]^hich it contains. The solution ; 
is allowiid to evaporate in a desicejtor over 1 
sulphuric* aicicjj when tfle salt se])arate8 in j 
short white prismatic needles.* It is not com- 
pletely soluble m* water, hydrolysm, occurring i 
with the formation of a basic lactate, which then 
«iecomP(jso8 iut(^ mercuric lactate and mercury. ' 
Mercuric lactate (CgTTgOAJlg, prejiared in a 
similar manner fi'o^ri lactic acid and mercuric ' 
oxidet forms* colourless prismatic needles, | 
readily soluble in water. On boiling tlii | 
aqueous solutioiv mercurous lactate, aCetakle- , 
hydo^lactic acid, and carbon dioxide are produced 
(Ouerbot, Bull. kSoc. chim. 1902, 27, [ni. j 803). ■ 

Gluciniunx lactate [v. Tanatar and Kurovvski, ; 
J. Russ. Phys. Ohem. Hoc. 39, 93(> ; Glassmann, ' 
Ber. 1008, 33). ' I 

• Oerous lactate {v. Morgan and (iahen, ; 
Pharm. T, 1907, 78, 428). « • 

OpticaBy active acids. As Ims already been { 
stated, lactic acid can be resolved into two ' 
optically aetive components. TJps resolution , 
has been effected by the friictional crystallisa- ' 
tion of zinc ammonium laotabe (Purdie andt 
Walker, Chom. Soo, ^rans. 1893, 1143; I8!S5, , 
616) ; of the stifrchni^e salts (Purdie and j 
Walker, ibid. 1892, 754 ; miyphine salts (Irvine, ! 
ibid. 1906, 935) ; and oi the qiunine salts 
(Jungfleisch, Gompt. rond. TB04, 139, 56, 203 ; 

1905, 140, 719;* 1906, 142, 515). Asymmijtric 
syntheses have been ^ade by the roauction of 
the /-menthyl (McKenzie, i^honf. 8oc. Trans. 
1905, 1373), l-bornyl (McKenaie and Wren, ibid. 

1906, 688), and d-amyl (McKenzie andpMiiller, 
1909, 544) salts of pyruvje acid. 

Paralaotic gtid (Sarcolactic ^id. (2-lactic acid^ 
is present in flesh, in the blood, in muscles, in the 
jbhymua and thyroid and other animal oi^ans j 
(Berlinbauer, Chem. Zentr. 1888, 757 ; SalonMin. i 
dibem.vSpo. Abstr. 1889, 64 ; Asker and Jacksoif, ' 


Zeit. ■fliol. 41, 393 ; Moscatelli, Zeitsch. physiol. 
Ohem. 12, 416 ; Griffiths, Chem. News, 91, 147 ; 
Werther, Chem. Soc. Abstr. 1890, 348 ;,?lnouyo* 
and Kondo, Zeitsch. physiol. Chem. 54, 481 ; 
Frew, ibid. 60, 15; Moviyei, ibid. 43, 397). • In 
muscle ♦issue, the amount ini’reases witjfi flit 
degree of muscular actii^ity. According to 
Embdhn (Zcitsdi. jihysiol. Chem. 93, 1) a com- 
pound of jihosphorio am^ lactic acids occurs as 
an intermediate metabolic product. ^ 

It is obtaincif from extract of meat by dis- 
solving in 4 parts of warm wffter, adding 3 times 
the volume of 90 p.c. alcohol, and evapoyitmg 
the filtrate to a .syrup, 'rbi® is again iy'(icipi- 
tated with alcohol, filtered, and ofapomted, 
then acidified Aviui 112^04, ajpd extractefl wid^ 
ether (Wislicenus,^, Annalen* 167, 302). The 
crude acid may be purified Jiy conversion into the 
zinc salt. If Peniedhum qlaucnm is allowed to 
^row in the solution of the inactive ^ammonium 
lactate, tlic d- modification alone will remain 
(Lewkfiwitscb, Bor. 1883, 272(f ; Linossior, Bull. 
Soc. chim. (iii.] 6, 10). Micrococcus acidi para- 
hicti, an anaerobic micrococcus formed in the 
preparation of the Bavschbrand bacillus, is found 
to convert sugar into paralactic acid (Noncki 
and Siebcr, Moimtsh. 10, 532). 

Paralactic acid is a syrup which can only bo 
distinguished from lactic acid by the fact that it 
rotates the jilane of polarisation to the right, 
whereas lactic acid is inactive. The salts 
strongly rosomble the lactates, but are somewhat 
more aoljiblo in water. The methyl ester boils at 
143“ 145“iind has sp.gr. M017 at 1571?>° ; a-nd 
the ethyl ester, b.p. 152“-! 54®, sp gr. I '0414 at 
15716° (Fran^laiul, Chem. Soc. 1895, 54). 
Further details as to rotatory power of acid and 
derivatives, v. Walker, Chom. Soc. Trans. 18%, 
914 ; Purdie and WilhlimBon, 4^. 1896, 827 ; 
Guye and Melikian, Compi. rend. 123, 1291 ; 
Henderson, and Prentice Chem. *800. Ttansj 
1902, 658; 1901^25^^ Wassni^' and Guye, J, 
Phys Chem.«19(TO, i. ; Purdie*and Irvmc, 
Chem. Soc. Trans. 1899, 484 ; Walkarf J. Phy| 
Chem. 13,574. 

/ Lactic acid has not been found in •nature. 
It is prejjared by the resolution of the Inactive 
acid {q.v.) ; by the fermentation of sugaf with 
Bacillus acidi Icevolac^ (Schardinger, Monatsh*. 
11, 545) or with a Imvolactio ferment obtainSft 
from pears (Ta^, Chom. Soc. Trarw. 1893, 1263). 
It is similaiwn properties to rf-lactic acid, with the 
exception that it rota tes the plane of polarisation 
to the loft. 4, 

Besides these acids, another isonteric acid 
remains to bo described. I^ydracrylic acidt 
ethylcne-lactic acid or ^ -hydroxy propionic acid 
Cil2(0H)CH2C02H is prepared by the action 
of moist silver oxide on*|8-iodopropionie* acid 
(Sokoloite Annalen^l^p, 167;* WiBlicenus, An- 
nalen, 166, 10) ; by heatif)^ the sodium salt of 
acrylic acid with sodiqja kydroxj^e at 100° 
(Linnemann, Ber. 1875, 1095) ; and b|r the 
action of prussic acid on ethylene clflorhydrin 
and saponification of the resulting nitrile (Wis- 
fll^onus, Annalen, 128, 1 167, 346 ; Erlenmeyer, 

ibid. 191, 268). It forms a syrup which de- 
composes into water and acrylic acid on heating. 
Chromic acid oxidises it into oxalic acid and 
carbon dioxide, ar^i siljrer oxide converts it 
into glycoUic acid. Wislicenus also obtained 
from flesh, in addition to paralactic acid, an 
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adid whicli he belie^5#3d to be identical with 


11 


this etjp,ylene-laotic acid, but it has been shown 
' (Siegfriad, Ber. 1889, 2713) that this is in reality 
acetyllactic acid. , 

^^trolactinic acid {%,a-phmylhydroxypropionic 
Propareri by tlw 
action of fuming hydrochloric acid on aceto- 
phenone hydrocyanide (Spiegef Ber. 18^1, 14, 
1353 ; l^ieman^ and Is^hloi', ibid. 1980) ; colour- 
less needles, m.p. (anhydrous) 93''-94"'. 

CACTIC<FERBiENTATION*GUM r. Gums. 
•LACTOLIN. Trade name for potassium 
diAaj^ate used as a mordant. 

IJACTONES. Generally speaking a Jnetone 
is foime(?by the eliniinalioi^ of water from a 
^^dro^yl group (yid a carboxyl group pi'esent 
in the same molec!!ile. may therefore bo 

^regarded interiia^ ‘salts corresponding with 

the external salts Avhieh arc known as the 
ethereal saj^s or esters : 

U'('1J(0H) ClL-CUOil-^ K-(dl 

Hydroxy acTd. j |•}-1I..0 

O CO 

» ■ Lartone. 

K-(:ii..on-fCiT 3 (:ooir"» it-cii., ('H 3 

1 “ I +11.0 

0 (3) 

Ktheroal salt. 

The lactones are therefore derived from that 
class of organic compoutuls known as tln^ 
hydroxy acids. The hydroxy acids are divided 
into several scries depending on the position ol 
the hydroxyl group in respect to the^carboxyl 


beerf observed. Thus Baeyer and ViUiger (i^er. 
1897^ 30, 1954 ; compare also hichter and 
llirsch, ibi^. 1900, 33, 3273) have shown that 
when a-bromo-a%'-dimethyl8uccinio acid is 
treated with moist silvei* oxide the ^-lactone of 
dimethylmalic acid is formed : 

COOil— (Tr-^'((TI.,)2 COOil^ ('ll— f+Tlg), 


on COOK 

-on— c((.'ijj). 




Br COOK 

COOIL- 

• I I 

0-— CO 

• /3-Lactpiio. 

This compound crystallises in rhomfti^ 
plate.s containing 1 mol. of wai<*r, and melts at 
r)4‘’-55® ; it loses this wa4('r of cry.stallisation 
at 46'’ in a vaeuum. When distilled under 
diminished pressun' it [Misses by rearrangement 
into tJie«nihydrido of aa-dimothylmalic icid 

#'0(Jrf[— on— (!((T1^., OH-CTi <nCH3). 

I I, ■ -» I I 

.0 t 1 ) C 0 ~- 0 — CO 

In the same way, triinothylbromosuccinic 
acid is coiiverfcd into the ^-lactone of trirnothyl- 
inalic acid (Ixoinppa, Ber. 1902, 35, 534) * 

OOOHdXOHa)- 0((n43)2 


Br 


coon 
ooon - 


~C'(CJ4 3) — C{CH 3)2 
1 1 
0 00 
The formation of a similar conipound has been 


group ^k 1 arc named a-, )S-, y, hydroxy 1 recordedihy Mcldrum (Ohein. ?oc. ^JTgns. 1908, 
acid,s according as the hydroxyl group is in the 93,598), wlio finds that when acet^nt^is-coiidensod 


with raalonic ifbid in the presence of acetic 
anhydrid[^<Uontaining a littlu sulphuric acid, the 
B-lactone of fl-hydroxyi.«(n)ropylmalonic acid 
(0H3)2{J— CH-OOOH , •• 

I I is formed. I’his substance 

o—co • 

(at " (« 4 } '^Hydroxy acid i crystallises from acetone in trarisparenf four- 

•OH.-OHo-Cr " ' 


a-, y-, ^c., position in re.spdl;t to the acid 

group, thus : • 

B/01I(Oll)-COOIl i 

* ^ "(a) — tt-Hydioxy acid ' 

^ R-aH(OH)-CH2*OOOH 
• (a) — /?-Hydroxy acid I 

Tl'0n(0H)'CHo'CH..-0OOlP 

a ) (rt“ (a)-- y-Hydr__ 

i)-OH?OH2-OHa*0()OH | tided plates melting at 97". 

•t5) (v) " O' (a) — a-llydroxy acid | )8-Lactone formation occui^ in the aromatic 

R' 0 n((.)H)'(^H. 2 -( Ha'OH^’OHg-OOOH i series from ^-hydroxy acids having a pfienyl- 

strongly negative groups are 

" 7^2 yR'i ylfa ^ . 1 i present, attached to the B-carbon atom. Thus 

. ^ y<ro\yacK 1 of 0 ana p-nitrophenyl-jS-lactie 

Ihe lactones denved from these acids are eorresponding nitro- 

»mcdaccordmglya-,^i-,f ,&o.dMtnneaandthus j ptenyl.^g.broraopropiomc acids are treatod,Tmth 

1 , • ni i-A xli I I cold aqueous sodium carbonate 

y-laotone would be constitutdtt J 1 y r\ 

^ ,CO :NOa— 0«H4~-(JHBr NOa— Ge»4+ll— 0 

i I II 

' tOHo-CH^OH * UH 2 -CO 

^ o-NitrophenylIacti(? acid lacton^ readily passes 
I inV>*indigo wlidh boiled wjXh glacial acetic acid. 

! A remarkable series 01 aromatic jS-lactones 
have been prepared by^tauAnger by condensing 
diphenylketeno witt various quinones. When, 


nd a S-lactone would have the 

l-tlH-OGgj-CHa-CH 

o .4o 

Nomenclature , — The name of the lactone is 
sually taken from fJlic trivial name of the acid 
'om which the ^jorrespmidipg hydrojif acid is 
erived, as for ex^fnple, butyrolaotone from 
-hydroxy butyric • a(^, valerolaotone from 1 ^ , 

-hy^oj^ valeric aoinT In those cases where | ^dtiliiate product ^ 
the Tormation of two isomeric lactones is' • BhoG— CO 

possible the prefix y- or 8- is added to indicate 
the order of the lacton^ thus : ^ i GO, 

CHa—CH—CHaCHa GHa— GH^— OH 2 — CH 

J J • I • I 


1 rum cxamplli, quinoD# itself is used the reaction 
from ; proceeds in two slages, a di-^-loftono being the 

Pha’C— CO . 

1 I 


Ph. ^ 


0- 


-CO 


0 - 


~G0 


y-Valerolactone. « • fi- Valerolaotone. 

a-Lactonea are not known, and in only a few ; • 

exceptional caaes has'the formation of jS-lactones ' • 


V 

1^0 


t>-0 

+\ 

, 1 J*h.CiC0 

CO 


C— 0 

/\ 

li il • 

J— io 


Ph.C 
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BotJji lactones eliminate carbon dioxide *\fhen I 
heated— 

Ph.CicO CPh^ PhoCico CPho 


• rii,(! , CO CPh, 

Init in the former «iaNe a eerlain amount *<»f 
•iiasion takes ])laee in tlie otlier direeiion (Per 
1908, 4], 

Ph.C CO * 


Ph.C:CO* 


y-Lactones. TJie remarkable tendency whicli 
• exists for the formation of the live-membcred 
ring causes the y-hydro\y atads to be, usually, 
unstable at the ordinary temperature and to 
pass, with elimination of water, into thoy-lactone 
R-CH— (?H2— Cllg R -(Tl -Clio -('Ho 

I I "^1 ” I ^ 

OH COOH O - - CO 

Y'JIydroxy acid y-haetoiK* • 

The tondencf for the formation of ^he inner 
anhydride,i^so great thaWtho ehange from the 
hydroxy acid tf) the lactone i.st usually ellected 
by mft’ely raising the temjierature of iin aqueous 
solution of the acid and in many cases rtie lactone 
ej:ist8 i«*aqueou8 siflution at Iho ordinary tem- 
perature. The ffiinplost member of the class, 

butyriflaotone | | , was discovered 

0 • 

by Saithew in liyS, although certain naturally 
occurring lactones, such as coumarin and 
meconine (f/.v.), were known before that time. 

( t\)r a general descrijition of the lactom's, com- 
pare E. Hzelt, Ahrens’ ISamm. 1903, 8, 83.) 

FominiKm . — The methods usually adopted 
foi*tke preparation of y-hydroxy acid^ that is 
of the y-lactones, may be bri'fly summarised as 
follows: (t) 'I’he transformation of the lifiy 
unsatiirated acids by ihc addition of halogen 
hydride and its subsequent e!irniii#tioii thus : 
CH3-CH:(.^H(’fl2-('OOH * 


4710) find that when j8/3rdiethylacrylic acid *18 
warmed for a short lime with 00 p.c. aqueous 
sulphuric acid, it is converted into ^•ethyl-y- 
italerolactone 

UnsatiUftted acid. 

• I ( 

CH^-CTI— — i) 

y- Lactone? 

( 2 ) 'I'ho relation between *the anhjiLirid^ of 
the dibasic acids«and the y-lactoues, which 
illustrated by the e.xtiressioii 

CO, • 

I "0 ^ * I 
yc-cur >c— (’H./ 

•vnliydtidc y-Lactom?. 

indiea^s that the last-namect eompounds can 
bo derived from the anhydrides by retiiictioii. 
Thus butyrolactone is formed when succinic 
anhydride is reduced *by sodium amalgam 
(Fichtcr and Herbrand, Per. 1890, 29, 1192) : 
Cir, -<TK +4H CIL 

I >0 1 >0-1 H,0 

(iH.-CHK CH.^— 00 / 

, Succinic, anhydride JJutyiulactone. 

(3) The sodium salts of y-hydroxy acids are also 
formed when y-ketonic a' lds, such as hevulic 
acid, are^cduced by sodium amalgam, thus : 

(.’ll 3 (X>-(JJ# 2 'Cir.pOOOH+ 21 J 
lyievnlic acid 

-5- P'Jl 2 -OH(OH)CH 2 *CH/'OOH 

-> OH3— Oil— (tHa-CHa 

I iv 

at CO 

y-Valorolactone. 

In a shnilar manner, ^-aldeliydif acids,* for 
example, H-aldelwdoj[^ropioiiic «,cid, yield y- 
lactones wlieif remieed. • * 

CH (TL, (;il..0O()H CH..- CH*AC’H., • 


- Aldcdiy d o 1 iropioii ic aci d 


OH2-CH2 


The y- unsaturated acids are 4^80 tr^s- 
formed into the y-lafttoiies either by merely 
Jieating them alone or by wAming them with a 
mixture of equal volumes of 'concentrated sul- 
phuric acid and water at 140“ (Eittig. Bcf. 1894, 
27. 2007; Annalen,^1894, 2^, 51). In the 
latter instancof^the same change is shown b;f’ 
those unsaturated acids which have iwo 
alkyl groups on the ^-carbon atom. Thus 
Frchter, Kiefer, and Bernoulli (Per. 1909, 


^ 0 ciT 

Lwtyrolactouc. 

(4) The all^yl falts of y-bydroxy acids may 

be formed by the condensation of chlorhydrms 
of the type (U 1 sodiijm 

compounds of ethyl acetoacetatc and its homo- 
dogues, thus : 

ClIa-OO-CllNa-COOCaHB+CTloOVcHaOH 

CH 3 -(X)-CH(CO()E 2 Hg,) 0 H 2 '(:;H 2 OH+NaCl 
When this ethyl salt is hydrolysed with 
baryta, tnc acttyl ^o»p ig elitninated and the 
barium salt of the hydroxy®acid, which is then 
formed, is converted intiJitho* y-lac 1 iDne by the 
action of dilute mineral acids : • • 

(Tla-CO-CH -.COOtJaHc 

1 I . 

0 H./CH 2 - 0 H • CHo-OHj-OH 

“ CH 2—00—0' 

I I 

OH 2 CHj 

Butyrolactone. 

(5) 'rhe formation ot ^eri^in y-lactones may 
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also bo effected by taking vantage of tjjie fact 
tl^at the tertiary hydrogen atom of the system 

flH * * 

readily oxidised to hydroxyl by 

alkaline permanganate. Thus isopropyl -succin^ 
acid passes on oxidation into tcrebio acid 
^lAvirence, Chem. ^oc. Trans. 1899, 7,% 527). . 

HOOC— Olf. 

isj^PropylBUgcinic acid. 

^;Jj[35c(OH)-CH*COOH 

, llOOC-OHj 

CH-COOIl 

•. I I 

. t)— (lO-CHj 

^ • • 'IVrebic acid. 

(0) 'I'he methods of formation of y-lacloncs 
of the arorffai/ic. .scries arc similar to Tho.sc em- 
ployed witli aUi)l#atic oompo«nd.s, but the 
sake of convemonco the sub.stance.s belonging to 
this class may be divided into three seetion.s. 
(u) The y-laetone,s wlfioh arc derived from 
hydroxy acids having tlie hydroxyl group in 
the ortho- j)o.sd.ion in the benzene nucleus to a 
side chain bearing a carboxyl group. {/>) The 
y-lactoncs which are formed wheji both the 
hydroxyl and carboxyl groups are attached to 
the .side chain, (r) The y-lactones formed from 
eoinpouud.s having the hydroxyl group in the 
side chain and the carboxyl group attached to 
the ortho- po.sitioii in the benzene iiiy:!fous. 

o-Hydroxyphonylacetic acid may be given 
as n.ti iilnstration of compounds itcludod under 
section (a). •This acid, unlike the •y-hydroxy 
aeid.s of the aliphatic series, can he isolated in the 


be produced by the roduetioii of j3-benzoyl- 
propionic acid ^ 

CeH.-CO-CHyCH^-COOll 
and by other metl|odH. Although this^ub.stance 
is more stable than the corresponding y-hydroxy 
acids of the aliphatic series, and oafl' be isolated 
in the free st^e, it nevorthcles.s passes into the 
y-lactono wheif heated above its melting-point 
(75°). • 

C^Hc-CH-CHg-CHo 

I I ^ , I 

OH COOH • 0 CO 

^ Phenylbiityrolactono. 

The hydroxy acid ma/be rccrystallisod frSny 
warm water, but at 80° lactone formation .slowly 
occurs, and when the acidg.s treated with very 
dilute hydrochloric acid the transformation into 
the lactone (m.p. 37°) is complete even at low 
temperatiires. 9 

, Tjie y-laclones iiwluded under section (c) are 
known as the phlhahdcs, a name which is derived 
from that of the first member of the iprics, 
phthalide. Phthalide itself^may lie eonvetiiently 
prepared by the reduction of phthalic anhydride 


(10 

/\ 


O I-4H 


CO 


CO 

0 

\/ 


-i-HgO 


CH. 

PhtlKihdc. 

Other methods of preparation will bo found 
binder the head of Mccontm (i/.j^.). 

Gemr^l properties of y-lactone^\ — As already 
mentioned, the y-hydfoxy acids hhe aliphatic 
.series arc, for the most part, unstable^^ and 
therefore c^innot be isolatcti in the free state. 

_ The correfjibnding y-lactune separates in almost 

fr*e state, pa.s.ses»mto the y-laetono on ' every case when the aqueou^'feolution of the sail 

distillation ; ^ of the acid is acidified even at low temperatures 

' and in only one or ii^tanccs has it beer 
' found possible to i.solate the hydroxy aeid*in th( 
iree condition. Thus Fittig and Chanlarov 
:(Annalen, 1884, 220, 325, ^34) found thai 
j y-hydroxy butyric acid as well as its ethy 
■I’hc lautono ia ai;ain convortal tl,e aci.l ! ijerivatiya are stable at very low ^mperatures 
on shaking with water. The meth.xl employeil i i;**'’ l«tones titrate as monobasic aeids, am 
for the preparation of o-hydroxyphenylacetio, I ‘he salts of the corresponding hydroxy acid, 
acid is as follows (Baeyer^rid Fritsch, Ber. 1884 




I 9^ 


,CH^.1C0H 


• 


(X 


Cfl^ 

\ 


:CO 


17, 973 ; compare also Stoermer, Anualen, 1900, 

313, 83; Bei. 1901, 34, 18071 .Isatin (1) is 
converted into n-aminobenzoylmrrmo acid, (2) 
by the action of alkali, and this substance is 
then converted into n-hydroxybcnzoylformic 
acitl (3) the aid of the diazo reaction. Ke- 
duction with sodium amalgam converts- this ' 

::rrcfd,t4rVhtin i inif « » 

iodic acid, yields o-h^oxyphenykcetic acid (5) 1 "'‘‘h ‘ 


can usually be isolated in the crystalline con 
dition ; the silver salts, which are mo8tly«w*ll 
defined ♦rystallino substances, can be readil; 
obtained by douBe decomposition* from th 
potassium salt. 

'riio y-lactonos derived from the mono 
hydroxy-monfJ-carljpxylie acids #f the aliphati 
series, and winch therefore have the geners 

frxAwftilu r^..l-r „ n n.rp* Tiftnfm.l. f'olniirles 


• * ( 

(3) 


• p „ ^CH((jH)COOH 

(^Hg-coop 


<oit 

(5) 

Under section ft) may be g^en, as illustra- 


tion, the example of y-phcnyl-y-hydroxybutyrio I stance ; t 
acid, CgHs'CH(OH)CH;-CHt-COOH, which can ' Wjjen the 


composition undoiv ordinary atmospheric prei 
sure. The* lower* iffembers of the series ai 
raismble with water in all proj^ortions, but th 
solubility decreases with increase of molecuh 
weight. The •less ^oluble y-lactones are fr( 
quently characterised by possessing the curioi 
property of being varyingly soluble in watei 
thus when a con^ntrated solution of the lactoi 
is warmed, the^oiution hecoraq^ cloudy owS 
! fo t^e partial separation of the ‘dissolved su 
' ■ the emulsion again clears above 8C 

y-lactones are dissolved in water, 
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partiftl conversion into the hydroxy acid takes i, 
pla^e, and a state of ecpiilibrium between the j 
Wo compounds is attained. Thus it has been 
found by P. Henry {Zcitsch. physical. Chem. 
1892, 10,* 96) that a boiling*! p.c. solution of 
butyrolactone contains 80 p.c. of the lactone 
and 20 p.c. of the hydroxy a,eid. y-Lactonea 
frequently react with halogen hydrides, yielding 
the y-halogen derivatives of the^icid, thus : 

PM -PW 

I " ' I ^)-liKr->OH,Pr(;iT„-OH2-C001J 

0^ CIO • 

but the breaking ot ilio lactone ring in this 
manner is usually ^noro easily elfecii'd ‘by 
ijicfating the conipiumd with an alcoholic solu- 
tion of the lial»gon hydride, whereby the corre- 
sponding ester is fotmed (Henry, Poinpt. reiul. 
1886, 102, 368; Cloves, Annahu), 1001, 310, 
362). When treated with aqueous ammonia 
in th(!%cold, the y-laotones yield the •nnidc of 
the hydroxy qcid. thus : • 


CH2^j — —CO 

hutyrowetone | >0 boils at 211 , 

CH(CH,)-CH CH3 

and yy^Dimcthylhuiyrolacione {iBocapr4>hcton€) 

T >0 boils at 15° (20 mm.), and at 
C11o~C(CH3)2 # • . 

206°-' 207° under ordinary aimospheno pressure. 
It melts at +§“ pd dissolves in 20 parts of 
water at 0°. • ^ 

Stearolactone {y-idradecylhutyrolacione) 

ch!~co . * 

I “ ^0 

CH2-(T1((T1o)i;,CH3 

is formed, in yield f)f 30-40 p.c,, wlien^ileRiaeid, 
elaidic acid, or jg-o-oleic acid is warinpfj*with 
zinc chloride or con centrate^^* sulphuric acid * 
It crystaflises 1^’om alctihol as leaflets 
nielting at 47°-48°. • • • 

^ Behenolactone {y-ocUxlccylhuiyrolacionv) 

CHj— (H) 


CHo— CH„— CJI, 

I ““ “I 

0 CO • 

^ enroll -CH^CH.-PONHa 
These compounds readily sjilit oil ammonia 
and pass again into the lactone (Kitiig and 
Rascli, Annalcn, 1800, 256, 151 ; Vittig and 
Dubois, ibid, 1800, 25(5, 153). I'he y-lactoncs 
react with hydrazine (Blanc ami Luttnnger, 
Bull. Soc. chini. 1005, [ni. | 33, 1005) als() with 
potassium cyanide (Wislicenus, Annalcn, 1886^, 
233, 113 ; Bian^, Bull. Soc. chini. 1005, |in.] 33, 
886 , 004). # 

The more ii^portant y-tactones of tlic formula 
CnH:rfi-2Ho are : * 

CH.r~CO^^ ♦ 

Butyrolactone 1 Frciiaration 

' , A4-CH./ 

meiliod (3) : bolls at 204° and sohdilies at —42°. 
It has sp.gr. 1120 i.\4 16°.* 

V^Aerolactones. y - M dhylbufyrolaclonc (a- 
CH—CO ‘ • 

vakrolacione) |» >0 Preparation 

CH.-Clll.^Hj 

from laivulic acid method (3) ; oceurs in 
pyroligneous acid (crude acetic acid from the dis- 
tillatiou of wood). It boils at 20()° 207°, solidi- 
fies at —31°, and has sji.gr. 1’072 at 0°. The 
reflnttion of loevulic acid to the lactone is very 
readily etfectud by hydrogeqiat 250 ' (iTiethod of 
»Sabatier aiid Sendcrens). 

Cll^-CH-CO j 
a-Mclhylbutyrolndmc L " () is a 

• • (11.,— Clio 

pungent-smoiling oil, biiiling at ^00°-202°. ^ • 

Caprolaotones. ^-Idhylbuiyroladonc (n*m- 

CHg-iC^U • 

proladone) | ^ C * boils at 220°. 

CHg-CHCglt’" • 

• • C2H6'CH‘~(J0 

a-Ethylbutyroladone I J- 0* boilt^ at 

• • . (CH8)2C— CO 

216°. aa-Dmethylbulyroladone J ^0 


CH 3 — PH(CH.,)i 7 CH 3 

which is formed from eruciw acid by the action 
ol suljihuric acid, crysfallisc'S from alcohol or 
etluT as ])late.s mcliiug at 63‘r)°. 

Ilie un.satiiuited nu>nohydroxynionocar- 
boxylic acids also yield y-lactonea, and the iol- 
lowing arc imiiortunt members of this series 
(Ha- 411: PH 

Crotonolactone 1 I i« formed from 

O (JO 

\ mylacc4ic acid by converting it into^y-yiehloro- 
luitvru*. alid by the addition of idilorine and 
then eliminaUng hydrogen chloride by heating 
at 200‘’-21|5°.* It melts at 4° and •boils at 96°- 
96° (13 mm ) : 


-:CH- PHo 


PlV-PH0ij;^'(iro 


(JOOH PI 


A^y-Angelicalactone 


0 , PO 

Crowholactone* 

PHo-P^PH— PHa 


216°. aa-Dmethylhiityroladoiie J ^0 
- CH 2 CH 2 

hfeils at 200°-'201°, ay-DimelhylbuiyToUicione 
CHa'CH-CO* • . * 

j >0 boils at 206°. ByDimthyl- 
' CHa— CH'CHa 


formed, nnaccompai^ed by the A°^daotono 
(see below), when acetyllaevulic acid • 

PHil(OCO(jn,)ClH-(^a 
• 1 I 

0 CO 

is distilled under 200-230 mm. pressure. * It 
I melts at 18°-18-5°, and distils at 55°-56° (12 mm.), 
CH3.CH-CH-CH 

1 /\‘^P-,A7iyclicaladone I Lo. 

«’ 0 CO 

I formed %rom /.he compoiund by warming 
it with triethylamino. It* does not solidify at 
' -17°, and boils at 80% (HJ mm.)a The 
I lactono is partially converted into /he* 

I lactone on. distillation under ordinary pressure 
I (T’hiele, Tisehbeiii, and Lossow, Annalcn, 1910, 
I J19, 180). 

j The y-lactonos which are derived from tiio 
; hydroxydicarbiixylic acids ^re, of course, no 
; longer neutral substances, but contain a free 
I carboxyl group ; t^he following compounds are 
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important mombers of this class : Butyrolqftone- 
• CH-COOH 

a’Carhomlic acid | ( is 

• 0 CO 

formed from ethyl cycZopropane-l : 1-dicarboxy^i 
late^^ the addition an»l suosequont elimination 
3l hydrogen bromide iFittig and Roder, Annalen, 
1885, 1i«7, 19): 

.COOC,H, . • * 






,-(10011 

^COOII 


OHy VoOCjH^ 

' * • OH,— CH.— OH— COOH 

-^1 ■ I i 

T^Ia(Aonic acidVorma a tliiak viscid liquid 
u^iich <8 readily soluble in -v^ater, and when i 
heated at 120° evoM^s carbon*dioxide and passes 
into butvrolactone. Enlyrolnctone-R-rarhoxylir, 

• , • CHg— CH(C0()H)-CH2 

acid, Paraconic add | | is 

• 0 ’’'-CO 

formed by the redaction of aconic acid b\% 7 ,inc- , 
dust and ac<!!lic acid (Reitter, Ber. 1898, 111, . 
2722) 

GII-C(C00H)~CH2 ^ (^H2-CH{C0()H)-('H, ‘ 

c c!() 0 - - CO 

Aconic acid. Paraconic acid. 1 

(CH3)a-C-CH(COOH)-CH2 I 

Terebic acid | | is i 

0 - VO 

a product of the oxidation of oil of turpentine, 
and has Jbeen synthesised by several ntbthods. 
Thus it is formed by the oxidation of i*'opropyI- 
Buocinic acid, as indicated by method (5), and is 
also producoi^ when the ester, formed by the 
condensation of ethyl bromosuccinate with 
acetone in the nresonco «f zine (llcformatzky's 
'method), is hyaiol 5 ’‘sed : 


+ B? •CH(COOR)-CH ^ 


• COt)R^^' 
nil ’>C— CH(COOR )— OH.. 

. i I “ 

OZnBr CK^lOR 

[^i}j=»>C-CH(C00H)~CH2 


0- 


-CO 


It is also obtained from tera<9bnie acid by 
warming with sulphuric acid 

(Cfl^)3C-C(C00H)~CH* 


Teraconic aci3. 


COOH 

(CIl3)2C— CH(C00H)-CH2 
• • Teilbic acid. 

Terebic acid crystaUisea. from water as needles 
which ^elt at 174°-17fr. 

Iwo otfier lactonic acids, which have played 
an important part in the elucidatien of the 
chemistry of the terpoi^s, are terpenyhe aci(i 
Terpenylic acid 

(CHalaC— CH(CH2*(pOH)-^H ^ 

i I which occurs 

0- , Qo 

frequently’ as a product of the degradation of 


the 'terpenes, was discovered by Hcmpel and 
investigated by Fittig and his pupils ; Tits 
structure was determined by Wallach. The 
acid has b^n synthetically prepared by Law- 
rence (Chem. Soc. Trans. 1899, 75, 529) by the 
oxidation of j8-f6‘opropylglularic acid 

(compare method (5)), and by Riml^nscn (Che’in. 
Soc. Trans. 1907, 91 , 1 87) by the acdiori of magne- 
sium methyl iodide on ethyl ^-ajotoglutarato • 
CH^-OO-CHCCHa'COOR), 

E^hyl /3-acetoghitaratc. 

(C!H3),C-C11{LH3-G0UR)3 

OMl^I , 

(GH3)2(i--CTl(CH2‘COOR)--(Tro 

I I “ 

« 0 yVO 

j Tef])enyJic acid cf^stallises witji 1 molecule 
of water as colourless prisms which melt at 50”. 
'i'hc water of cr^tallisation is removed by 4 ?ul- 
})huric acid and the anliydijoub ffubstanco ilien 
molts at 89”, 

Homoterpenylic acid 

(CHgloC ~ CH((T1 2-C1I2-COOH )GH „ 

I I 

0. (JO 

was isolated by Baeyer during his researches on 
the constitution of pinene — the chief constituent 
of oil of turpentine: its relation to terpenyhe 
abid and terebic acid is shown by the following 
formuhe ® 

(CHglaO-CdllCH-'CH^-COCXHl^CHa 

.4- ■ Jo ■■ 

Homoterpenylic acid. 

(0U,)/j— CH(CH,-C0bH.)~CH/ ' 

0-- - 0 (I'O , 

Terpcnylic acid. 

® (CH3)3C-CH(C00H)~-GH2 


0- 


CO 


Terebic acid. 

Homoterpenylic acid is, as a matter of fact, 
converted into terpenylic acid and some terebic 
acid by oxidation with nitric acid. Ho^nq- 
terpenylic;jacid has been synthesised by Simon - 
sen (Chem. Soc. Trank. 1907, 91, 184) by treating 
ethyl ^-acotoadipate with magnesium methyl 
iodide and hydrolysing the product. 

CH2'dTf./riOOR 


I 

COO^i 


CHa-CHo-COoH 


->( 0113)20 




[— CH« 


’ . 0- — CO 

The acid prystallisos fiom water as glisteninc 
prisms wiiich molt at 100 ”-102”. * 

The formation Uy -lactones from polyhydroxj^ 
cwboxylic acids.* Those polyhy^oxy deriva- 
tives the carboxylic acids wliich have a 
hydroxyl group in the y-positiou yield y-Iactonef 
(:^t4ig, Annalen, 1892, 268, 4, 34, 40, 62, 68)- 
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When hydroxyl p;roupK aro prcHCiit ii\ both the 
y-tand h- poaitioiiH, the y-laotonc is formed* 
ainco the fivc-membered y-lactunic rin}i; ia more 
easily closed than the six-membert-d 8 -lactone 
ring, thus ; • 

CH2(0H)-CH(0H)-CH(<)H)-CH((»II) CIKOiD-COOH 
Gluconic acid; 

CHaiOH) -CH(Oll)— CH-m(OH)^CH-OH 

• ! I 

O CO 

g Gluconolactono. 

The hydroxylactoncs, which are derived 

from the acids of the sugar grouji and vWiich 
^ fnereforc contain scwcral liydroxyl complexes, j 
arc characteri»ed by show'ing a greater tendency | 
to crystallise than tiie hydroxy acids themselves ; 
their formation has therefore been of con- 

siderable service in elucidating the structure of 
the sugars, 'riic remarkable ])roperty^ possessed 
by the acids^ of the sugai»group of passii^ in^o 
the aldeliydc, that is, the sugar itself, when 
rerUicod by nascent hydrogen, •.^hus : 


^CHafOOHj) -CJKOOHal-CHfOHhiOH-OCHalaCJIO 

Tetrauiethylglucoao (m.p. 81®-83®). “ ^ 

-CB(OCn 

I Totramethylgliiconlo acid. • 

•-^CILfOOHgK'nCOCnal-CH-fCH-OCIlab-CO, 

, ' O . 

Tetramethylgliicojolactonc. ' • 

Polyhydroi^y derivatives of the dicaAoxylic 
acids yield yy-dikctoiieij, where possible. Thus 
aa'-diiiydroxyglutaric acid yioilds in the first 
instaneo the hydroxylaetonic acid me*tii*g at 
Ib7"’-H)8‘’, and linaily th® dila(?tone (Iftttig, 
Annalen, 1907, 353, 1) 

coon 

I 

CH{OH) OH 

I 

(A)OH. 

cooil • CO 0# 

I I I 

^ CHh*-CH,.-CH 011 CH~CH„— CH 

L “I .1 “I 

(T— —.—CO 0- CO 


CHjiOll) (Cll-Olf), -cooll 

. Gluconic acid. CHo(OH )(( 'H-OH).,CllO 
Glucose. 

IS entirely d^jpendent on the formation of the 
lactone. That is to say, the acid itsidf is not 
reducible but only llie laetone (E. Fischer, Her. 
1889. 22, 2204; '1890, 23, 930). 

The following lactones are derived from the 
peiitahydroxycarboxylic acids : d-Mannong- 
lactone CflHioi^g melts at 149'’-ir)3”, and has 
la]])" f 53*8'' ; l-3fanwmol<tctonc mek-s at 140"'- 
150°, and'liEiB (d-'-/)-Mua-uoao- 

lactwne melts at 149°-1.5r)'. dAHuc^^nolartone 
CeHjQOj melts al 130 -135° and "ymlds grape 
/ugaik .when reckiced by sodium amalgam. 
l-(Jluconolaclon% iiiclts at 185° and gives /-xylose 
when oxidised by l^j/drogen i>eroxid(‘. d- 
(Uila^tonolnctonc iilblts at 91° in the anhydrous 
state, but with vuiler yields a liydrate, e<^- 
taining one nioleeuie of water of crystallisation, 
which melts at Ml". The {(7-1 l)-la(tonc melts at 
122°-125°. a-ltli<uanuwl(ic(07w melts at 1()2°- 
108°; 8- llhanirimelactonc inelis at 134°-138°, 
The following laetoncs are derived from the 
hexahydroxycarhoxylie acids: d-Mannosc- 

l^c.lone (m.p. 149°) : l-Maunmehiclone (m.p. 154°); 
a-dt-Gluro>iel(ickmc (in.]). 140' 145°)^ fi-d-dlu- 
coselacionc (m.p. 151°) ;• a-d-Galuctosdacioiw 

(m.p. I?i 0°)4 d- Fruclmda'ione (m.p. 130°). 
These lactones are reduced by sodium amalgam 
to the corresuouding heptoses < 

The formation of y-ladtoiies from the acids 
of the sugar series ]^s been usfd by Furdiaf^and 
Irvine (Cliein. Soc. Trans. 1903, 83, 1021) to 
supply direct evi(fSL)iiee ftf the y- Jinkage in glueo- 
sides. 'riius a-methylglmfiside when alkylated 
by the aid of silver oxid* yields t#trainethyl-a- 
methylglucoslde which, oii*hydroly.sis, is con- 
verted into tetramethylglucose (raij). 81 ^*-83°). 
When this substailfce is uxidi%ed by bromine 
» water it is converted intd tctraniethylglucoiio- 
lactone. ^ 

CH2(OH)CH(OH)~-CH— (OH-O^a— rWOCHa 

•* a-MethylgIucoBil!e. • 

->Cn2(0CH3)-CH(0CH3)CH.{CH’()CH3)2-Cft0CHj 
. Tctramethyl-o-inethylglucoslde. 


'I'he foriuatiuii of lactones from alicyclio 
compounds ajipears tf) proceed in much the 
same manner as with the open chain substances. 
In many eases, the formation of the lactone 
])roee(*ds normally as, for exam pie, when Oromo- 
carnphorie anhydrule is eon verted into camphanic 
acid by the action of boiling water (Wreden, 
Annalen, 1872, ](>3, 330) : 

CHa -(!Iir-CO ('JI 2 — C(('OOIl)-() 


i 

C(4Tl3)3 

I 


('((^ 3)2 


( IHo- (;(FM ?)— ( !0 ( !I1 2--( '(( 'H 2 ) -CO 

broiiiooainiihoric uuyhdride. Camiihaiuc acid. 

On the other hand, sterie hindranee seeiru^ in 
some eases, to jircvent the fctfmation of the 
laetone. I’lius l-l-dimethyl-4-hydrox} -cyi’/o- 
pentaife-2-Varboxylic acid • * 

^CH,. -ClfOll 

shows no tendency to jiass into the inner anhy- 
dride (Perkin, Thorpe, and Walker, Trans. 1901, 
79, 783). It is, however, ])ossiblo that in this 
instance the hydroxy acid may represent tjlie 
i!m wv-eonliguratioii this substance, in which 

case the formation of the laijJ-onc would be 
prevented (.vc#orthoeou marie acid). 

The y'lactones of the aromatic series. The 

following lactones are im])ortant members of 
tins series. (For methods of jirop^ratioif see 
above.) 7' he Inttone of o hydroxyphenylacetic acid 

C„H 4 <^q^CO, exists in two modifications, a 

labile form, melting at 1^8°, and a stable form, 
meltin|^ at 49°. It boils at 248°-252° and is 
slowly (auivfa'ted* iifto ,tho* hydroxy acid on 
shaking with water. PhdnfflhutyrolactoM 
CjH.-CH-S-CHa-CH^ 

I I * ' 

, 0 CO 

^melts at 37°. It is volatile with steam and has 
a pleasant aromatic * odour. Phenylparaconic 
CeH6-CHCH{COOH)— CHg 
acid I • * I is formed by 

0 ^ CO 

the condensation of benzaldehyde with sodium 
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sucfinate in the presence of acetic anhydride. 
It crystallises with JHgO and melts at 
When dribd at 90° it melts at 121° and after 
resolidifying melts at- 106°. If the melted j 
is heated at 115° and seeded with a"| 
crystal* melting at j21°, the raodiiicrftion of 
higher' melting-point is poc^uced (Fittig, 
Annalen, 1 889, 255, 143). It i| sparingly soluble 

in cold water. * Phthalide 

{ormfd by the reduction of phthalic anhydride 
and jvas first obtained by Kolbe and Wischin in 
18()6 b;^ the reduction of phthalyl chloride 

I^an also be olitaifltd by the action of bromine 
(Ai o-toluic acid at 140° * 

PhUmliae. 

Phthalide crystallises from hot water as 
rhombic plates wlnoh m#lt at 73° ; it bods at 
290° without decomposition and is Hjiaringly 
soluble in alcohol, ether and in cold water. I'he 
lactone is converted by alkalis into the salt of 
the corresponding hydroxy acid 

CJl4(CHa-OH)COOTI 

This acid is stable, but by long standing in 
aqueous solution, -or by melting, is converted 
lido phthsyide. • 
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Meconine forms white crystals which melt at 
I01°-102°. It sublimes unchanged and (fls- 
Rolves in 700 jiarts of water at and in 22 
parts at 100°. • 

3-Lactones. The remarks which have al- 
ready been made respecting the ease of formation 
of the y-lactone* from the y- hydroxy acids apply 
also to the prodifction of tne 8-lacto^es from the 
corresponding 3-hydroxy acids, ex^pting that 
the six-momberod 8-lactone ring is not so 
readily formed as the livc-membered ring of the 
y-lactones and is consequently more easily 
broken. 

Alipl 


Meconine 


(^H,0 

dii.o, 


/CO . 

^0. 3'his Substance, 

which was formerly named opianyl, was dis- 
covereTi indejiendontly in 1830 by (^ouerbe 
and by Dublfuio in opium. ^It also occurs in the 
root of the iJi/irastis (Mnadeim^ (Cinn.), and 
is, moroovef, one of the products which are 
’•fOTmed^whon narcotine is oxidised by nitric acid. 
It has bgen prepared synthetically by Fritsch in 
the following way (Annalen, 1898, 301, 352) : 
Methyl 2 : 3-dimdthoxybeiizoate (1) is con- 
densed with chloral, under the influence of 
concentrated sulphuric fi^id, to form 5:6-di- 
methoxytrichlqjomethylphthalid#^ (2) This 
compound, when hydrolysed, is converted into 
the corresponding carboxylic acid, (?) which is 
transformed into carbon dioxide and meconine 
wh#n heatgd : 

Ofdig . CH 3 O 

^ CH,0 /\/ 

\/ \Aci/cci, 

(I) • (2) 

' 

•> 

\/\CH-COOH 
(3) • 

CH 3 O 


iiphatic 3-lactones. S-Vakrolactone 
is formed by the reduction of glutaric anhydride : 

<=»»<ch!'co>«+«i . * 

• Oljjtaric anhydride. • 

It boils at 113°-114° (13-14» mm.) and at 220° 
under ordinary atmospheric pressure, is spar- 
ingly soluble ill water and is charact-crisod by • 
passing, on standing, into a crystalline poly meride 
molting at 47°-48°. When wa^r is added to 
the lactone an acid reaction is at once obtained, 
showing that the lactone ring is readily broken. 
CH3CH('H3('H3(JH2 

^‘Caprolactone, \ \ was the 

• 0 CO 

first 8-lactpno of the aliphatic ^ries to be pre- 
pared, and was obtained by Fittig .and Wolff 
(Annalen, 1883, 2i0, 127) by th^ reduction of 
y-acetobut^jjlc acid ; ' • • 

CHsCO-CHaCHg-CHa-COOH* , 

CH3CH'CH3CH2-CHa^ 


-CO 


% ^ ch,«/Y ^0 


VoL. IV.-~T. 


\/\CHj 

Meconine. 


It boils at 230”-231° and forms needles melting 
af 17°-19°. It is miscible wit.lf water and ab- 
sorbs moisture from damp air, passing intb the 
hydroxy acid. 

Aromatid 3 -lactones. Several 3 -lactones of 
the aromatic series are of considerable im- 
portance because they either occur free in nature 
or are obtained as the products of fission, o^ 
certain i^tural gludosides. They are largely 
used industrially for the preparation of per- 
fumes. • 

• CH 

q8«m.r.„(j^Yo 

0. • 

of 0 -hydroxycinnamic acid 

^CH : CH-COpH 


v^iich 18 the 8-laetone 


\m • 

may be regarded as the prototype of this group 
to whic^ ^he general name of ‘ the Coumarins ’ 
is applied, chiefly because the other members ^f 
the series are d^vatives oi coumarm in which 
hydroxyl or meffeoxyl groups are-present in the 
ben^e nucleus. • 

The coumarins may be prepared either -by 
upfllying the Perkin method for the synthesis of 
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ccmmarin (see below) to the necessary deriva- 
tives of sajjcylaldehyde, or by the v. Peclimann 
method, whict is carried out by beating phenols 
with malic acid in the prosdhco of concentrated 
sulphuric acid (v. Pechiimnn, Bor. 1884, 17, 
929 ; V. Pechmann and Wclsch, ibid. 164C). 
This reaction is explained by apJjuming that the 
strong sulpluiric acid first decomposes malic 
acid into carbon monoxide, water, and hydroxy- 
acrylic acid, tliris : 

COOH-OH(()H)(‘H 2 *COOH 

Malic afcl. 

^ (iO+'lloO-j-ClI(OJl) rOH-OOOll 

(, and that th« hydroxy acrylic acid then con- 
denses witli the phenol to form the coumarin, 
thus : 

HO 1 HO-CH : CH-OOOH 

^ Jtesorcinol 

-HaO-F . CH-C'OOH 

.g ('() 

€ h:h-(!H 

Uml)elJlfcr()iic. 

This reaction yields the best results with the 
w-substitutes phenols. Vonmurii) was first iso- 
lated in 1820 from Tonka beans, the seed of the 
Dipicryx odorata (Willd.), and was subs(‘qiiently 
characterised by Cuibort. It was first ])repared 
synthetically by Perkin from salicylaltlehyde by 
heating with sodium acetate and acetic anhy- 
dride ; 

c.h.<‘?“,-|-((:h„co),o ' . 

..0 — CO 

I -fCH,-CO()H-j H..() 

XT! :(:TI 

< 

This synthesis may, moreover, be a])plie<l to 
the formation gf other coumarins since, by t-lre 
method of Gattermann (Bor. 1899, 22, 278, 287), 
many hydroxyaromatic aldehydes can now be 
prepared from phenols by the action of liydro- 
cyanio and hydrochloric acids in the presence of 
aluminium chloride. 

Coumarin forms prismatic crystals which 
tndt at 67° and boil a^ 290"-290*5‘'. It is 
sparingly soluble in cold water but readily dis- 
solves oi» warming. Tlie cori'cspondmg hydroxy 
acid, coumarinic acid, cannot be isolated in the 
free state, but when coumari^ is boiled for 
some time wifli a solution of potassium hydr- 
oxide, an acid sep^ates on acidification iJ^iich 
decomposes above 200 '^ with evolution of 
carbon dioxide bat d^ieSf not yield coumarin 
(Zwenger, Annalen Supjd. 1872, 8 , 23). Ihis 
acid, which ^is called orthocournaric acid, is 
stereoisomeric * with the un^^tabJe coum,arinic 
acid (Clayton, Chem. Soc. Trans. '^910, 2102) 
the two acids being represented b^ the formula) : 

H— 0— COOH H— C— COOH 

II ll i 

H--C— 0„H40H HOG 8 H 4 — 0— H 
OSumarluic acid (cls-lo^|n) o-OoumafIc acid (trans-form). 

The ease ‘of formation of' coumarin ^from 
coumarinic acid is explained by the proxKnity 
of 4;he hydroxyl and carboxyl groups in the cis- 
oonfiguration {cf. Borsche, Ber. 1904, 37, 346). ^ 


Umbelliferone, Hydroxycoumarin 


^ I 

^0 -GO . 

This substance, which is tdie 8 -lactone cf 2:4- 
dihyrlroxycinncraic acid, is found in the bark of 
tha' Daphne Mezemurn (Linn ) and is also obtained 
by distilling vaj^'ious rosins sudh as galbanum 
and asafoetida. Its synthesis may bo effected 
directly from resorcinol byi v. Pechmann’s malicf 
acid method, or indirootly from rcsorcylaldehyde 
by the aid of Perkin’s reaction, a method which * 
establishes the position oi the hyd-ox^l group 
ill umbcllifcrono : 


HO( >GHO‘->UO< 

in 

lUfprcylaldehyde. . Umbcllitcrone. 

Ginbclliforonc crystallises from hot winter In 
slender needles melting at 225°. It di-s^ohos 
very sparingly in wt^^or, yielding a solution 
whiVli sliows a marked blue fluorescence. 

Herniarin is the methoxyl derivative of 
‘dl-Gll 

umbelliferone | , and 

H) (!() 

occurs ’ll Hrnbiiirifi hirsiiia (Lmn.) (Barth and 
Horzig, Monatsh, 1889, 10, 101). It melts at 
117' 118'. 

\i0(' ~^GH-- (JH r 

Daphnetin virr ^ I obtained 
\(J CK.) 

by tbe f]!^)?ion of Ibo glueoside daphnin, either 
by acids or by ferments. Xt can be })repared 
syntbetieally citber fre^n jiyrogallol by the malic 
acid method or from pyrogallolaldebyde by 
JkTkin'/i reaction ; the sooonej; method of 
pioparation deternrnes the positions of the 
hydroxyl gfoupSpin da^hnetm :’■* 

HO Oil OH \(, “ (Iq 

Tyrogallolaldohyde. * Daphne, tin. 

Daphiietiu erystallises as needles or prisms, 
melts at 256°, and develops a pleasant coumarin- 
like smell wh^i lioated. Jt disp/ilves in alkali, 
forming a reddish-yellow solution and gives in 
aqueous solution a green coloration with ferric 
chloride. 

OH 

ffisculetln HO;""' CH=CH, is iso- 

\_/ I 

\0 00 

meric (ryith daphnetiii. it occurs in the bark 
of the horse ‘bhestnut^ partly dree and partly as 
the glueoside cesculin. If^^ivlso occurs in the seed 
of the Euphorbia Lathyri^ihkin,), dind can be pre- 
pared synthetically from hydr'oxyhydroquinone 
by converting this- substance into hydroxy- 
HO 

hydroquinonealdohydo ^CHQ, by 

means of hydrdcyanic and hydrochloric acids in 
the presence of ainc ‘chloride (Gattermann’s 
reaction), and then by subjecting the aldehyde 
to the Perkin reaction. ./Esculetin crystallises 
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from water as leaflets or needles, melts at 208° 
with decomposition, and is sparingly soluble in 
cold watir, but readily dissolves in hot water 
and in alcohol. The tqueous solution, which^ 
hg.8*V faint blue fluorescence gives a green 
colora^on with ferrjp chloride The "lactone 
dissolves in alkali, forming yellowish-red 
solution. ^ 

Scopoletin {('^irymtroinc acid) 

OCH3 

(ill : OH 
,\o 00 

which tl?e methoxyl derivative of a^sciiletin, 
-Wis istuated by Eyktnan (Rec. trav. chim. 1884, 
3, 171) from the rlflzorae of Scopolia japonica 
(Maxim.). It also occifl.s in Atropn belladonna 
(l^inn.), in (}meniium*n\ the bark of the Frunns 
jtrrotina, anckin jalap. The lactone cr4f.stalli80s 
from ethyl acetate as needles which mi^t at 
204^, and oxhibitsf a fiiie blue fluorescence in 
aqueous solution, which is enhanced by the j 
addition of alkali. The constitution of this 
substance as 4-hydr()lfy-5-mcthoxy-coiiniarin 
has been determined by Moore (C'hem. Soc;. 
Trans. 1911, 99, 1043). 

e-Lactones. The existence of c -lactones has 
been shown to bo possible by the researches of 
V. Baeycr and his collaborators. Thus when 
the hydroxy acid ( I ) is distilled, it is partially 
decomposed into water and the e -lactone ; 
|3-mothyl-€-ii6'opropyl-€-caprolactone (2) (ilaeyer 
and Ohlcf, Tier. 1890, 29, 29; Raider and 
fSeuffort, ibid. J890, 32, 3019) : • 

COOHm-'CH(CH3)Cll2-CH.,-ClJ(OH50II(CH3) 

0) 


,---€11 a— CH --ClliCIIa), 

, I 

CO - - o 

, ( 2 ) • 

The hydrox/acid (Ijfwhicjj is derived from 
ruenthone b^ oxidation and subsequent reduc- 
tion, exists in two forms, one of which is liquid, 
tlie otbtr solid. There are, therefore, two 
lactones (both of which are feebly iaevorotatory), 
one melting at 47° derived from the solid acid, 
and the other, a liquid boding at 135° (12 mm.) 
derived from the liquid acid. Both modifica- 
tions of the lanitone are insolublStin cold alkali 
but dissolve on warming. The soliij c-lactone 
(ra.p, 47") is also formed when monthone is 
oxidised by Caro’s acid (Baoyer and Villiger, 
Boi*: 1899..32, 3628 ; 1900, 33, 800). 

jS-tso-Propyl-c-methyl-e-caprolactoneisformed 
when tctrahydrocarvone is treated with Caro’s 
acid (Baeyer and Villiger, Ber. 1899, 32, 3629; 
Wallach, Animlcn, 19^, 323, 331) : * 

0 H(CH3)« ^ CH(0H3) ^ 

/\ .• /\ 

CH,Ce • ^ CHaO 

1 I 1 I 


CH, 

\/ 

CH— C,H, 

Tetrahydrocarvone. 


CH, CO 

• t!H— in. 


. e-LactSne. 

The lactone boils at ISO'S'*' (2l mm.). 

^-Lactones. An unstable lactone of this 
aeries is formed when suberone is treated with 


Caro’s acid (Baeyer and Villiger, Ber. 1900, 33, 
862 ; V. Braun, ibid. 1906, 39, 4362) : • 

CHa— CH,— tnia CHa— CHa— CHa-O 

( ^ >(.<() I , I 

CHa— CHa— CHa CH2-CH2—CH2-CO 

Suberono. C-bactonc. 

The lactone*#vas‘ not isolated, but its exist- 
ence in the crude product of oxidation was ' 
inferred from the fact that when treated with 
alcohol and sulphuric acid it wa# converted into 
the ethyl salt of ^-hydroxyoeiianthylic acid 

^ OH(CH..)aCgOR ^ 

LACTOPHENIN v. Synthetth bruos, 

LACTOSE V, CarbohydrSteh. 

LACTUCARIUM. Lettuce opium, ’fhe in- 
spissated juice of IxictuCAi virom (Linn.) {Lac- 
iamriMw,, ^J.S»R.). and other species of L%ttica 
(v. Woodville, Med. Bot 1, 31 ; Betitl. a. 'I’rim. 
Iftb, Jill). Lactucari»m is sometimes employed 
in medicine as a^ubstitute for opium, and baa 
often been examined chemically. 

Half the weight of lactucarium, or more, con- 
sists of the tasteless inodorous compound Inc- 
iuceriii or laclucon, first obtained in a crystalline 
form by Lenoir (Annalen, 59, 83). It has been 
repeatedly investigated, with varying results, 
apparently last by Pomcranz and Sperling 
(Monatsh." 1904, 25, 785), who by extraction of 
Laelucaiium (jermanicum (from L. vimna) with 
light petroleum obtained laciucon [^-lariuccrin) 
CgsHaeOg, needles m.p. 183",['a]^ +50", readily 
soluble in most organic solvents and hot alcohol, 
but not in water. It is the acet|^te' of lacticol 
('21H34O, m.p. 15f*5°. 

French tfactucarium (frofli L. viroseP or 
L. altissinia) has boon examined by Francl^mont^ 
and Wigman (Ber. 1879, 12, 10),» who obtained a 
lactucon which may qj may not be identical 
with that above-mentioned.. The bitter taste, 
and probably tlie medicinal properties of*lac- 
ti»carium, are, however, due to graall quantities 
of laclucin CnHijO^jHjO, crystallising from hot 
water (Kromeyer, Arch. Pharra. 186J, 105, 3), 
and possibly to other substances. For the rest 
(Gorman) lactucarium contains 8-10 p.c. of 
inorganic matter, 2 p.c. of mannitol, free oxalic 
acid (up to 1 p.c.), citric and malic acids, sugar, 
gum, asparagin, proj^in, caoutclumc, and reiliif 
(Kremel,%harm. Zentralh, 1888, 512). 

For L. camidensift, see Flowers (Hharm. J. 
[iii] 10, 44). Q, B. 

LACTUCERfN, LACTUCIN, LACTUCOL, and 
LACTUCON V. LiV^TUiARiuM. • 
lAC VARNISH Va^nAh. 

LADANUM, is a resinous exudation of 
Cistus Spp., more pai^^icblarljiof Vishis creticus. 
It is dark brej^n in cojj^ur, softens readily when 
worked in the fingers, ^d has a pecjiliar pleasant 
odou%with a balnamic, bitter, pungent taste. 
Partially 8ol?fble in ether, chloroform, and alcohol, 
practically insoluble ip watpr or light petroleum. 
Consists of a b?own resin, an essential oil, and a 
solid crystalline substance, ladaniol ^^17^300, 
m.p. 89i, resembling charapacol and guaiol. 
The portion of l^anum insoluble in ether ar^ 
alcohol contain^ a bassorin-likt? gnm, which 
givespnueio acid on oxidation wifh nitric acid ; 
a greyish-white, pulverulent resin ; and a bitter 
sul^tanoe (Emmanuel, Arch. Pharm. 1912, 
^0, 111). 
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.LffiVOBORNEOL r. Camphors. 
LffiVOCADIPHOR V. Camphors. 

LXVUUC ACID Ketones. *• 

L^VULOSE V. Carboh^rates. 

LAKE ORE V. LiMonite ; Iron. 

LAKES. The origin of their manufacture, 
as well as of the term ‘ lake ’ il^lf, is seen from 
the following brief historical sketch : — 

According to Bliny, the dried scum collected 
by the dyers Tyrian purple from their dye- 
liquors furnished a costly purple-coloured 
pigment employed by painters. The indicum 
of the Roman artists was probably obtair^cd in 
the same manner from a woad or indigo vat. 
Caneparius, a Vc^netian writer on dyeing, in 
1019, states that it was the custom of dyers to 
evaporate the waste lac dye-liquors in order to 
obta^i an artificial lac used by artistf|. 

Similar pigments were afterwards prepared 
or collectea from the waste dye- liquors ^of 
kermes, brazilwood, &e. *' Such pigmentA' were 
called by the Italians lacce^ and these were 
distinguished from each other by adding the 
name of the subst'ance whence the colour was 
derived — e.g. lurca di verzino (Brazilwood), lacca 
di graiui (kermes), lacca di crrw?'.9r, &c. 

As to the word ‘ lake ’ itself, the Indian ‘ lac ' 
or ‘ lakh ’ means a hundred thousand, and 
refers to the immense numbers in which the lac 
insects {(^ocens lucr(F) ajipear at certain seasons 
on the branches of the trees infested Mdth 
them. 

At the present time true lakes are like those 
of the early dhys — namely, infloluble pigments 
obtained by jirecijiitating solutions of organic 
colouring matters with rfietallie salts, &c. 
Th^* are, indeed,' the same coloured firecipitates 
which it is the object of the dyer to })foduce and 
fix directly on, the fibre, but they are no longer 
the waste products of the dye- bath, but are 
specially prepared, for Vhe use of artists and 
otlit^s. 

The precipitating agent employed in thq^r 
preparation varies according to the nature of 
the colouring matter ; if (he latter is of an acid 
or phenolic character the active constituent of 
the former is of a basic character, and rice versd, 
J’he essential part of all such lakes consists of 
colouring matter (dicrnically combined with the 
ictivo constituent of the precipitating agent. 
In Some cases, no doubt, there may be^colouring 
aiatter oj,precipitating agent mechanically mixed 
w^ith the true lake, the amount varying according 
to the proportions and the methiAl of preparation 
idopted ; bute these mus^ be Regarded as more 
m less adventitious and not essential t«» the 
jomposition of a lake 

Most of the v^retablo ^colouring matters are 
)f a phenolic character, and the metallic com- 
)ounds of some are so in^luble thilt, to produce 
akes from thdra, it suffices to add to a filtered 
lolution of the colouring matter thfe solution of 
ihe metaIJio salt, Jor example, alum. In 
nost cases, however, the ^cid character of the 
olouring matter is not sufficiently pronounced 
o enable it to displace the acid of thctmetallic 
^It ; hence the further addition of an alkali 
e.g. sodium carbonate) is necTOsary, in order to 
leutralise the strong acid of *the salt and to 
[berate the base, with which the coldwring 
latter then combines to form the lake. 

If it^s possible to employ an alkaline solufeoli 


of the colouring matter, a lake may be at opce 
obtained on adding to it a metallic salt solution. 

Freshly precipitated metallic hydrbxides are 
^also capaole, in many ^ases, of attracting and 
combining with phenolic colouring mlttqrs 
when agitated or heated wj,th their solutij^s. 

It is well Jto bear in mind that not unfre- 
qucntly the norrpal compounds of a colouring 
matter with a single metallic hydroxide are 
comparatively Soluble, and in these cases the 
addition of a second incte^hc salt {e.g. calciunv, 
.salts) may be found necessary to bring a»bout 
the formation of the lake, which then bqars the * 
character of a double salt All the pi da? lakes, 
derived from j^egetable or animal Cj^louring 
matters, were prorlnood by /me or other of tiie 
foregoing methods ; and these same methods 
may be employed witli all phenplie colouring 
matters produced from cbal tar. A variety M 
pigment' are now obtained by »precipitating 
eertij^'n basic and acid coal tar colours from tlieir 
solutions by making suitable additions, and 
although they are not always veritable lakes, 
they usually bear the name ' aniline lakes,’ and 
are, therefore, most *convcnicnllv considered 
here. 

In some cases, no doubt, certain elements of 
the precipitant combine with the cjlouring 
matter, and jiroduce an iiisohible pigment to 
which the term ' lake ’ may be legitimately 
extended. In those instances, however, where 
their jiroduction depends upon the property, 
possesH'd by many insoluble bodies, of attracting 
the colouring niattcTS from theit aqueous 
solutions by mere absorption, or in virtue of 
moleculaii surface attraction, &c*, they cannot 
be regarded as true lakes. The same remarks 
apply to the modern jiigments from insolqble 
azo colours (pigmenlf colouring- matters) and 
the devclojied or ice colours. , 

Sudi insoluble substances as ai»c here referred 
to act as ajiase or ^iil^^tratum fo* the colouring 
matter ; they are termed ‘ earrVrs^’ and consist 
of kaolin, aluminium hydroxide, barytes, &c.« 

It is quite usual, however, to find such 
insoluble bodies mixed with all lakes', not as 
precipitants, but for the purpose of increasing 
the body or covering power of the pigment, or 
as diluents in order tp obtain pale shades, 

(jlood lakes shoiild never dissolve in the 
vehicles by iifbans of which they- are applied as 
pigments, ^otherwise all their covering power will 
be lost, and what should be a paint becomes in 
this case merely a coloured varnish. 

Lakes derived prom Phei^iuc Colodrinq * 
Matters. 

Redi, 

Maader-lSke. In the preparation of madder- 
lake extraction of the ♦'jpaadder with hoiliivg 
water is avoided, in order lyit to iJissolve those 
impurities which would cause the production of 
a less br^liant lake. It is well, firsttof all, to 
decompose the glucoside of the madder, and 
^U8 increase the actilal colouring matter, by 
ffleeping in slightly tepid water and allowing the 
mixture to ferment for 24 hours, then wash with 
cold water an^ extract witM alum solution at 
C)0®-70'^, employing about equal weights of 
madder and alum. 'Hie hot filtered alum solution 
of the colouring matter is precipitated as an 
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ali^nina lake by adding sodium carbonatcf, and 
the pre(;;ipitate is washed. 

Anothfer method is to precipitate impurities 
from a hot filtered decoction of madder by 
addtAg a small quantify of lead acetate, then* 
fifter, ^dd a solution of alum, and precipitate 
.with sftdium carbonate. 

Matters may be so arranged as to pre- 
cipitate basic f\Juminium siil\)hate instead of 
^ aluminium hydroxide, namely# by adding an 
insufficiency of sodmm carbonate to the cooled 
Bolq^ion of alum an^colouring matter, and then 
• boiline the mixture. 

f!^#ncino is preferable to madder for pre- 
paring jjpadfler-lake, since it does not contain any 
o^thc colouring mqfter in the fT>rm of glucoside 
(ruberythric acid), !lnd the soluble impurities 
have also been for tHb most part removed. 
Extract 1 kiJf». garantfine repeatedly for several 
hours with 1^) litres of boiling water containing 
0*25 *0‘5 kilo, alum, and Rltor hot thmugh 
flannel. On cooling;, the colouring matter Sepa- 
rates from the liltrato as a flocculent precijntatc. 
'J'his is collected and dissolved m ammonia, and 
the filtered solution is ])r^!ipitated with alum, or 
stannous chloride, or a mixture of both. The 
colour intensity of the lake vanes with the 
proportions of ammonia and precijiitant em- 
ployed. A method similar to that described for 
madder may also bo employed in preparing 
madder- lake from garancine. 

Bright car mine-red lakes are obtained if, in 
the preparation of madder-lake, an ainn^muical 
solution (rf cochineal-carmine is empl^iycd for 
precipitating the alum solution, in|tcad of the 
sodium carboniite. '^fliis method can be adopted 
to render the lower qualities of mafldcr-lakes 
more attractive. Cheap qualities of madder- 
lalfes are also ^fepared sometimes by extracting 
mixtures of madder and Brazilwood with 
sodium carboiiate, and precipitating witji alum 
or a solution tin. • 

So-called ‘^rystallitJhd-ma^ldcr-Takcs ’ are 
^^ch as conlJliin a certain quantity of potassium 
or sodium sulphate, &c., and are not to be 
recommended. 

‘ Madder-pink-lake ' is simply madder-lake 
diluted with about 7 jiarts of ‘ blanc fixe ’ 
(precipitated barium sulphate). 

Madder-lake is entire!^ or for the most part, 
soluble in caus^c potash and sod§. If chalk or 
other diluent is present, this may remain 
undissolved. Boiled with dilute sulphuric or 
hydrochloric acid, the lake is decomposed, 
alijftirin bejpg liberated in the form of a flocculent 
or crystalline pracipitate. In dilute ammonia 
pure well-made madder-lake is not soluble 
(distinguishing test from cochineal-carmine). 

Reference-'^. — (Jolonfb, Bull. Miilh. 1^ ,307 ; 
Dingl. poly. J. 73, 47 ; Persoz, Tmito M I’lm- 
pression des Tissus, V Gl^7 ; Mcrim^, ibid. 1, 
505 ; Robiqutt and (?olin, ibid. 1, 505 ; Khittcl, 
Polyt.^Jentr. 1869, 

Alizar|ip-red lake is the modern representa- 
tive of the old madder-lake. It is m^lde either 
with alizarin (20 p.o.) only, or with mixtures of 
alizarin and purpurin. Generally the alizarir^ 
red lake contains, in addition to alizarin and 
aluminium hydroxWe, calcium •alts, sulphated 
oil (Turkey-red oil), and«sodiura phosphate ; the 
exact function of these latter in the formation 
of the lake is not properly understood, but they 


exorcise great influence on the brightness of 
the final product as well as in rendering it kss 
sensitive to thg action of dilute acids and alkalis. 

'The 3'urkcy-red oil may be assumed to 
iriflucn <!0 the brilliancy of the shade as in the 
jjroduction of Turkey red by the dyer ; the part 
played by the siidium phosphate is more obscure, 
but it is always present in the iinishod lake, and 
without it there is a loss in brightnefc. 

The absence of calcium salts is also detri- 
mental ; in most cases no satisfactory lake can 
then be obtained. 

The general procedure^ is to dissolve the 
alizafin in a cold solution of soda, adding in 
succession the sodium phosphate a«d Turkey -rea i 
oil with thorough stirring life ensure complete 
admixture. The solution of aluminium sulphate 
IS then run in at such a rate that the evolution 
of carbon«dioxide never becomes very vigJtoiis. 
When no more gas is ^iven off khe requisite 
aifiougt of lime-watcr#8 included and the whole 
mass stirred for jnaiiy hours ; heat is applied 
very gradually, so that the boiling-point is 
reached in 4 or 5 hours, alw,ays stirring. After 
boiling for several hours the lake is allowed to 
coo), well washed by decantation, filtered, and 
dried at the temperature of the air. 

A method given by Meister, Lucius, and 
Briining for their brands of alizarin RR and IB 
extra, is as follows : — 

2 kilos, aluminium sulphate 18 p.c. arc dis- 
solved in 1 3 litres of water and precipitated hot 
dy the addition of a solution of sodium carbonate 
(1 kilo, calcined soda in 7 litres o^water), stirring 
continuously. The precipitated alumina is 
boiled for half an kour to remove tiie last traces 
of carbon f|ioxidc, and afte^ standing over- 
night, the fupernatant liquor js decanted dtT. 

To this cold substratum the solution of\ 
«odium phosphate (0*1 fi kilo, in 1*8 litres water) 
is next added, and subsfiquently calcium chloride 
(1*266 kil«»8. liquor, 24"B6., diluted with 2 j^tres 
of water) in the same manner, stirring well during 
tile additions, and taking care that the former 
has been thoroughly incorporated before pro- 
ceeding with the latter. 

2 kilos, of the colouring matter mixed with 
2 litres of water and 0*6 kilo, of Turkey-red oil 
(50 p.c.) diluted with 0*8 litre of water are 
further run in with the same precautions and 
the who^^ heated giadually to boiling witfiin* 

1 hour and boiled for 2^ hours, stirring through- 
out the whole time as before. • 

Modern improvements in the methods of 
manufacturing alizarin-red lakes have furnished 
rosuRs showing a mucfl highe^ degree of intensity 
and orightness than was formerly possible. 
After-treatment of the laj^e by boiling (steaming) 
under pressure is said yield Btilliant shades and 
of great intensity. # 

Slight additions of tin salts also added 
on octasion^o brighten the shade. 

In making alizarin-red lake it is very 
essential that Ijie alupciiiiiu®! sulphate employed 
be free from iron if brilliant lakes are desired. 
Further^ the solutions should be as dilute as 
possible, as this ensures fineness of structure 
and softness in tip finished article. • 

Maroon and # claret-red lakes' are produced 
fromvalizarin with chromium salts, and purple 
lakes may be obtained by the aid of iron salts. 

• ?ln connection with the production of 
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alizarin-red lake, the following observations of 
Litohti and Suida (Mittheil. Oewerb. Museum, 
Wien, May, 1885) are of interest. ^ 

Pure aluminium hydroxide is incapable of 
directly forming a lake with alizarin r.7. when 
boiled with an aqueous solution of the latter. 
The addition, however, of calcium salts at once 
effects the formation of a lake. ^ 

Aluminihm-alizarin lakes of definite com- 
position are b(^st prepared by mixing solutions 
of aluminium salts with an alkaline solution of 
alizarin. Lakes are also jirodueed if a solution j 
of aluminium acetate mixed with alizarjn is ; 
keated ; or if aluminium hydroxide is heated I 
< with alizarin fviid ammonia, and tlie mixture is ! 
carefully neutral isfd with acetic acid ; or if a 
mixture of aluminium hydroxide, alizarin, and 
concentrated sodium acetate solution is heated. ; 

K^jrmal aluminium alizarate Al2(^i4Ha(D3, , 
produced by the double decomposition of 
solutions of aluminium 8u]^)hate and ainmcmia^al 
alizarin (1 mol. AJ^t^s to niols. alizarin), 
forms a ])urplish-red preeijiitate, which changes | 
to purplish- black on drying. It is soluble in 
distilled water and alcohol with a red colour, 
and in alkalis, especially ammonia, Avith a fine 
])urplish-red tint. Basic aluminium alizarates of 
definite com])osition arc prepared by pro])ortioii- 
ately decreasing the amount of "alizarin cm- ; 
ployed in the above-mentioned decomposition. . 

Al4(CiJlfl04)3{()B)B is a bright-red preeipi- j 
tate changing to brownisli-rcd on drying. It is ^ 
soluble in ammonia with a bright-red colouf. \ 
AL{Ci4H804)(QiH)4 is also a bright-r(*d ]U'0( j])i- 
tatc, which gives a red powder on drying. 
In amim>nia*it is miuli less «. soluble than the 
foregoing. Al4(Cli4]Ie04)(()ll)(j is, a bright-red 
precipitate, whiiii still remains li liery-red 
/*powdw on drying and is very sjiaringly solulile 
in ammonia. ?\11 the above basic aluminium 
alizarates are insoluble ilk water and in alcohol. 

Alkaline solutftuis of normal alumiiiium 
alizarate and of the basic com])oun(l 

Al.((J„H.O,),(OH), 

may be mixed with solutions of sodium phos- 
phate, sulphated oil, soap, &e., without under- 
going decomposition, but, <m neutralising these 
mixed solutions with acids, very brilliant red 
^al^es are precipitated. Normal aluminium 
phosphate AJ2(B04)2 obtakied by precipitation 
and well washed, cannot be dyed with alizarin. 
The formation of a lake only occurs when a 
calcium salt, e.g. calcium acetatcis is also added. 
Aluminium-cajeium-alizarin lakes of varied 
composition may bejprepa^cd by boiling together 
definite proportions of pure aluminium hy- 
droxide, ealcium acetal^ solution, and alizarin. 
They form either ‘‘dark of bright brownish -red 
precipitates. All are imolublo in* water, and 
some are insoluble in ammonia. The amount of 
calcium entering into 'the cbmpost*;ion df the 
lakes produced in this manner dejJends upon the 
amount of alizarin eiRployftd andtt’/ce ?!ersd. 

The probable formula of normal alizarin-red 
lake is given as Al2La(Oi4HjO 4)3(011)1, by the 
above-mentioned authors. * 

^ Cochineal-carmine. In the preparation of 
this brilliant ^oarlet-lake, coohiiaeal is extracted 
tin-lined vessels with a large quantity of* Jboil- 
ing water. Certain additions are made to the 
filtered deoootion, and it is then allowed to stam^ 


j for several weeks, or even months, in shal^w, 
vessels of tin or porcelain, during wJiieb period 
I the carmine gradually separates in the^form of a 
j fine red powder. The additions referred to 
I ‘vary with different makers, and include th^fol- 
I lowing ;* potassium binoxalate, acid potassium 
I tartrate (cream of tartar),^ alum with with- 
j out cream of tartar, hydrochloric acid, &c. In 
all cases the presence of iron .must be strictly 
avoided. The necessary ingredients may also 
be added to the water with, which the cochWal, 
is boiled, jin which case *\ho decoction ^pust 
be filtered hot, since it rapidly becomes turbid on 
cooling. The addition of, gypsum, calcic, m car- 
bonate. zinc oxide, &e., so usual in V)thej cases, 
must bo avoid^j'd, since t%se would prodi^e 
violet-coloured lakes. 

The manufacture M cochincal-carmiriG is 
now very restricted, and the metliods employefl 
for producing the finest ]U'oduct ^lavc always 
been kept secret. 

i^ecorclmg to Alyon and Laiiglois 500 grams 
cochineal are boiled for hours in 30 litres 
water containing 25 grains sodium carbonate. 
The decanted solutioil is well stirred up with 
25-35 grams pow'dered alum, and then allowed 
to settle about 20 minutes ; the clear liquid is 
poured ofl’, a dilute solution of ismqlf*^ss nr 
albumen is added, and the whole is heated until 
the cannino collects together m tlio form of a 
coaguluiii. After cooling and allowing to 
settle, the su])ornatant liijuid is decanted off, 
the caj^minc is collected on a filter, washed, 
and drie<d at a low temperature. 'JHie deeply 
coloured filtrate serves for the jiroduction of 
carmine-lake. * 

Evi'ii hlum alone could ai>parently be used 
as the ])recij)itating agent, ac cording to an old 
I rcei])e, but it seems dikely th^t m this ebse 
water possessing an alkaline reaction npist of 
necessity have been employed. tBoil 1(5 parts 
ground cochineal fo> 10 minutes 'v^ith about 600 
parts of witter, then aMd 1 palt ground alum, 
boil a few minutes longer, filter the' hot solutiqji 
and allow the filtrate to stand in shallow"^ 

[ porcelain basins. In the course of a few days 
the carmine is said to separate in the fornl 
of a red slimy precipitate, which is collected 
and dried. The deci^nted liquor on standing 
yields a further quantity of carmine of a lower 
quality ; its jpiecipitation is facj’litated by the 
addition jif a small quantity of stannous 
chloride. 

The residual cochineal which has thus been 
only partially exhausted serves for the prepara- 
tion of carmine-lake. 

In other similar recipes a mixture of alum 
and cream of tartar is used instead of alum 
«»ly» bi^it in that of Ma^amo C'enette, at one 
time a^clobmted maker of cpmine, the state- 
ment that the effecti’^ pisecipitating agents are 
potassium nitrate and pofa^8iuin«binoxalate is 
difficult to understand. ^ '■ 

Chinese carmine is said to be pr«j®ared by 
extracting cocliineal with a boiling smution of 
alum, heating the liltwed decoction with the 
Aldition of a solution of tin 111 nitric and hydro- 
chloric acid {aqva rcgui), and linally leaving the 
liquid to stand till the oarmfiie separates, 

Cochmeal-carmipe is insoluble in water but 
soluble in alcohol. In ammonia solution it 
dissolves readily with a purplish- crimson colour ; 
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fr^ this solution tartaric acid precipitatis the hours and finally allowed to settle. After de* 
original carmine, for although when dried the canting the clear liquor, Brazilwood decoct^n , 
precipitate has a brownish-red colour it becomes is again added to the residual precipitate, 
bright red when powdered. The following analy- together with A further quantity of alum ( 1 kilo. ), 
sis pi cochineal- carmine is given by C. Lieber-* and the stirring is continued as before. This 
mannt(Ber. 18, 19G9) : . process is repeated until the precipitate has 

Moisture * 1 7 p o taken up suflSoi^t colouring matter and acquired 

Nitrogenous matter ! V 20,',' the ch™ter o\ a lake. The decanted liquors 
• rj are agitated with fresh starch, cli#,lk, &c., in 

Colouring matter ! 50 ” ‘'J y'?**! quantities of lake. 

^ ^ ^ ^ traces foregoing process the%lum la dccom- 

' ‘ ■ ‘ * ' posed by the chalk, and the alumina jirocipitato 

^'he ash consists of SnOg 0‘67 p c., Ab^Oa thus produced combines wdth the colouring 
43'09,^aO 44‘85, MgO 1*02, NugO 3’23, KjO matter. At first the lakes Appear violet through 
3*56, r2bl6*3’20. From these analyses Lieber- the presence of excess of chalk,, but with thl 
imnn **considcr8 cochineal-camiino to be a continued addition of alum ^hey gradually ac- * 
peculiar aluininiuifUcalcium-protein compound quire a crimson colour. 

of the carmine colouiing matter, somewhat Fine dark earmine-red lakes are obtained by 
analogous t<f the Turkey-red lake, in which adding stannous chloride and cream-of-tar|gir to 
alizarin is combined with aluminium and a concentrated old decoction of Brazilwood, 
calcium. According to the exporimoiAs of the • * 

late J. Bedford ^f Leeds, cochiiieal-cafmine * l^llows. 

can only be prepared if a calcareous water Persian-berry take is prejiared by extracting 
is employed, or if calcium salts are added Persian- berries two or three times with boiling 
during the reaction. fcloclMneal-carmiiie can, water, dissolving alum in the combined and 
indeed, bo readily produced by adding to a filtered liquors, and then precipitating with 
cold extract of the dye prepared with a hard sodium carbonate, taking care to avoid excess. * 
water potassium carbonate, alum, and subsc- 'Die jirccipitate is collected on a filter, washed, 
quently cream of tartar (or potassium binox- and sold in the form of paste. This lake, 
alate) in definite proportion, Tlio carmine containing much starch, and sold in the dry 
precipitate separates very gradually during form, is said to be employed in the colouring 
some clays, and has an extremely brilliant of sweetmeats. 

oharactor. If a small quantity of stannic • Persian-berry carmine is produced if stannous 
chloride is also added to the mixture i?he pro- chloride is employed instead of alum iu the 
oipitation is hastened and the product ^possesses above process. It is a bright orange lake 
a more scarle^tint (private commuflication). employed by calico-printers. , 

Carmine-lake is simply an ordinary alumi- Persian-borry lakes may also be made after 
niurn or tin lake of the colouring matter of the nianne#*of Vienna-lake, i.e. with the t*e of 
cochineal, produced by adding sodium carbonate chalk, alum, and starch. * ^ ^ 

to a cochineal decoction containing alum or It is essential to employ only freshly prepared^ 
stannous chli^ide, or both. The latter may also decoctions if bright-colgured lakes are desired, 
be added to an alkaline soli^lion of the c61ouring The following procedural is described by 
matter. • • • • Zubelon (Bull. Soc. Ind. Mulhouse, 1919^ 84, 

Florentiae-lakc is merely H special quality « 1 ) : The berries are extracted to form an 
'•W carmino-lako, containing usually an excess infusion of 2°-3°B6. (sp.gr. 1-013-1 -020). Solu- 
of aluinina, and sold in the form of ‘ drojis ’ ; tions of salts of tin and aluminium are then 
find the so-callcd Vcnotian-lake, Hamburg-, added, and the liquor is neutralised with 300 
Chinese-, Roman-, and scarlet- lakes, are all litres of caustic soda solution. The ingredients 
vp^rieties of Florentine-lake. required are ; 300 kilos. Persian berries, 90 

Brazil Indian-lake c# lac-lake is a dark kilos, of tin salt, 16 kilos, of potash alum, and 
purplish-red laj^o analogous to canine-lake, and 31 kilos, of caustic |oda. If the neutralisattoft 
prepared in a similar manner from the Indian be perfoftned at 60° immediately after the addi- 
produot ‘ lao.^' • tion of the mordants, no rhamuetin is produced, 

Brazilwood-lake can be prepared by extract- and the canary-yellow lake corresponds to 
ing^ Bra:^wood or peachwood with boiling xanthorhamuin. By operating at 100° some 
water, aading alum and tin solution to the rhamnetin is formed and the lak# has an orange 
filtered decoction, and finally precipitating with shadfe. By working betwedh 60° and 100° and 
sodium carbonate, avoiding excess. Another allowing the acid salts to react for a quarter of 
method is to add precipitated and washed an hour before nci^trAlising, shades ranging 
aluminium hydroxide to a filtoret^ decirftion of from canarj^-yellow ^ 60° to deep orange at 
Brazilwood. Frelhly prepared decootipns are 100° may be obtained; accordinc to the proper* 
never suitalj^e for the manufactuio of these tion #f rhamnetin .produced (J. Boo. Chem. Ind, 
lakes li they should *ilways bo oxidised, by 1919,712,1). 

exposure^to air or otherwise, in order to change Quercitron-^ellowjake, Flavin-lake, or Dutch* , 
the principle brazilin into the necessary colouring pink is made according to the method adopted * 
matter brazilein. . in the case of Venetian-lake, by precipitating a i 

Vlenna-lakc is a species of BrazUwood-lak», decocti<ii of quercitron-bark containing alum 
prepared in the follo^g manner: A mixture with chalk. Th(| methods employed in maki*ig 
of pound starch (39 kilos.), chai^( 10 kilos.), and yellow lakes frqm Persian-berries may also be 
a little gypsum, is stirrci^ up with a decoction of used* To ensure bright colours •the decoction 
1 ’ then pound* alum (1 kilo.) is of qfteroitron bark is clarified by adding a fittle* 
added and the whole is well stirred for 12 gelatin solution, thereby removing the tannic 
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acid. SonietimeR milk of lime is used instead, 
talking care to avoid excess. 

It ia said that these quercitron colours retain 
their intensity by gaslight better than all 
other vegetable yellows, and are hence useful 
for theatre decorations, &o. 

'J'he yellow natural colq^ring matters, 
especially flavine and Persian «berries, are still 
in some dtmand for the jiroduction of green 
lakes by combination with basic green artificial 
colouring matters. 

The yellow-lake is first prepared and a solu- 
tion of the coal-tar colour precijiitated upon it 
j^y tannin and tarthr emetic. A jiartial* pre- 
cipitation of the basic cjolour is effected by the 
tannic acid in the ?;egetable colour, but must be 
completed by a further addition. 'I’hese lakes 
are used for wall papers and for colouring toys. 

S^*l de grain is a low quality of Dutch-pink. 

English- ^nd Italian-pinks are other qualities 
of quercitron -bark yellow, jakes. ^ ^ 

.The above lakes are sold ii^the dry condition 
in the form of pyramidal-shaped ‘ drojKS.’ 'I'hey 
never possess the brilliancy of those obtained 
from Persian- berries. 

Lakes from vegetable colounng matters ha\e 
no longer their former importance, and there 
can be little doubt that most of them will 
eventually become obsolete. 

Lakes derived from Artificiaj., Colouring 

MATTERS, , 

The great ^increase in the number and ' 
variety of coal-tar colouring matters has given 
rise to a coiyeH[)onding increase in the colour 
lakes made from them. Moreover, many of the 
lakes so formed are at least as *ft,st as any 
^btai^able from* natural colouring matters. 
^Jn consequence the latter have lost much of 
their former importance^ 

In the preparation of these lakes the ‘ base ’ 
or ‘barrier’ upon which the colouring matter 
is precipitated in a more or less in.solublo forf-i 
is a most important element, since it determines 
in great measure their brilliancy, covering power, ' 
and general (pialities. 

On the other hand, upon the character of the 
colouring principle depend other properties of 
the lake, e.g. fastness to liglit, to spirit, to allialis 
fend acids. „ 

‘ Carriers ’ for lakes are usually v^ry finely 
divided, insoluble, white (more rarely coloured) 
materials, such as starch, kaolin (China clay), 
gypsum, heavy spar (barytes), artificial barytes 
(blauo-fixe), iithopone, <■ precipitated chalk, 
kieselguhr, zinc whfte, red lead, &c. I'hef are I 
intimately mixed with the colour solution’ and 
attract the coloumig lAatter either direidly or 
when suitable precipitati^^^ agents^re added to 
the mixture. More often, however, they are 
formed and precipitated along, with y^o coIi*irihg 
matter, and may then consist of aluminium 
hydroxide, phosphat^^, or jirsenate, or the first 
named along with barium sulphate. 

The precipitating agent to be employed in 
any particular case varies according to tife nature 
o^the colouring matter — whether acid or basic, 
for example — and the purposQ for which the 
lake is intended. For lakes employ^ in 
•decorative painting finely ground barytfes is 
considered to be the most serviceable ‘ carr%r^’ 


({yp^im and kaolin are also used. The cj^ief 
base for lakes employed in printing wall-pax>era 
is blanc-fixc, since it excels all otbers*in giving 
body and covering power ; usually some quantity 
*of alumina, starch, or ’China clay is adnwxod 
with it»,to render the resulting lake lighKer and 
easier to work. Higher-clhss papers cofttain a 
proportionately greater amount of alumina. 
For paper-stainiAg, lithograph^ic, and printing 
inks the lakes iTVU«t possess fineness and covering ^ 
jiowor to a very high degree, and for those^ 
aluminium hydroxide, jirebipitated apart ^om 
the colouring matter, is highly esteemed. It « 
is particularly valuable ii^. producing lal*ps of a 
transparent nature for use in the threg-coloiir 
prijress ; some *il)Ianc-fixo is often precipiial^d 
together with the alumina.* 'Starch, China clay, 
zinc white, and lithopKaie are also emiiloyed 
where transparency in the pigment is not (ff 
jirimarv importance ^ 

Chink clay is most largely used with the 
bask^ coal tar colours, since ior these its a1 1 1 ac- 
tive ])ower IS very marked. Barium sid]ihdlc 
and aluminium hydroxide ])reeipitated during the 
proce.ss of forming the Lke, arc chiefly used with 
the azo colours ami the acid colouring matters 
generally. Lead sulyihate and rod lead are 
important bases for the cosin lakes. 

The pro[>ortioiis of the various niiiterials 
emiiloyed in making the lakes vary considerably 
according to the desired intensity of the final 
product. 

All lakes should be washed with water, 
prefera\»^ by decantation, till neutral and free 
from Kolubl^ salts. 'I’hey are sold as pastes or 
powders, the lattc'r being somotimes in the form 
of light iforous blocks or ‘ drops ’ of suitable 
size. 

In all cases iho ‘ extr%’ brands ’of 
all colouring matters should be purchased. 
They contain the dyestuff in atinore highly 
concentrated form,c for ordinar;;^ brands are 
standardised for^tlic kso of the dyer by the 
addition of starch, common salt,® or sodiu^ 
sulphate, and those are useless, or even hariiD 
ful, from the point of view of the lake manu- 
facturer. 

A. From Basic Colouring il/o/Zcrs. 

The chief methods of precipitating basic 
colounng matters are — ^ 

(«) With tannic acid; (6) with soap or 
sulphonatdd oil ; (c) with sodium phosphate or 
arsenate ; {d) with resin soap ; (c) with casein 
or albumen. ^ ♦ 

(a) Tannic acid is the most,. generally used of 
all jirecipitating agents for basic colouring 
matters, combining with them to form tannates 
insoluble in water. It is 4)ut rarely used alone, 
since thte resi^lting lakes are dull and extremely 
fugitive ; an additioli of half the equivalent 
quantity of tartar emetic •causes complete 
fixation of the lake, and improves its pr(»i>erties 
as regards brightness, fastness to light, ipirit, &c. 
Sodium atetate, or occasionally sodium carbon- 
ate, is employed to reduce the acidity of the 
solution. 

The ‘ carrier ' is well mixed with water, the 
solution of th^ colour added together with 
sufficient sodium acetate to combine with the 
mineral acid liberatfed by the colour base. The 
solution of tannic acid is next poured in whilst 
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stirring well, and the precipitation cornj^eted 
with tartar emetic. 

This ftethod is most suitable for green and 
red colours, such as rr^lachite green, brilliant 
gTcoiJt magenta, rhodamine, and safranino. ^ 

{&)'A method especially suitable for violet 
and bAe basic colours is based on the precipita- 
tion of their colour bases as salts of oleic, 
palmitic, and gtearic acids.* A pure soap, 

, containing no free alkali, or •a sulphonated 
^)live* oil {e.g. Tui;key-red oil) is employed. 
Alugiinium sulphate, tannic acid, zinc or tin 
• salts are also added on occasion. 

(f ) |Lor basic coloujp; of the methyl violet class 
a furthjjr iifbthod consists in the precipitation of 
ak minium phosphsjbe, together*with the added 
emour by means of aluminium sulphate and 
sodium pho8j>hate to ^hich sufficient sodium 
c!lrbonatc has been adtted to produce a perfectly 
neutral solution. 

Al 2 («OJ 3 -|- 2 NaJir 04 +Na 2 CO, • 

=-Al2(POJ2 1 3Na2(S04)TH20+(^02 

Similarly sodium arsenate, freshly jirepared 
from v-hito arsenic and® sodium carbonate, is 
used in place of sodium phosphate — no addition j 
of soda IS tlien necessary, but care must be i 
taken that the solution is neither strongly acid 1 
nor alkaline. As a rule, the jirecipitation is 1 
made in a very slightly acid solution obtained 
by using a slight excess of aluminium sulY»hatc 
with addition of sodium acetate. 

(d) All basic colouring matters fori^ lakes 
of great brilliancy with resin soap, t.c. absolution 
of colophony in caustic or carboi^ted alkali. 
They are precf^iitatcd on the carrier along wdth 
a metallic salt of the resinate, usualfy zinc or 
aluminium. 

*Auramirie, i^iagenta, i^iodaminc, and patent 
blue ^irnish the most satisfactory lakes, and 
are much ueipd for wall papers. I’hpy arc 
of no value f^r oil or bthofraphic work, being 
very fugitive anfl roadil^soluhip in Alcohol and 
Jjjgnzene. • 

It has been found possible to use the benzene 
solutionaof those ‘ resinate ’ colours for dyeing 
silk without injuring its finish, lustre, and 
general appearance. They are also used for 
preparing coloured varnishes emydoyed in 
ornamenting metallic sunaces, wood, leather, 
glass, &c. • 

(e) According to Weber albumeji can be 

employed as a precipitating agent for basic 
colouring matters with production of lakes of 
excellent fyilliancy, notably fast to water and 
light. A cold aqueous solution of the dyestuff is 
mixed with the albumen (also in aqueous solu- 
tion), stirred into the carrier, and the whole 
precipitated by raisinjt the temyierature io 90° 
with or without the final addition of C little 
acetic acid. * • • 

Casein maf also^ be applied in a somewhat 
similartnanner. • 

It is g^ted that thi.^ method is also applicable 
to the acid colouring matters, and is of special 
importance for producing non-poisonous eosin 
and rhodamine lakes. • 

Blue and violet lakes of great brilliancy may 
be obtained by mfxing certaiif blue and red 
colour solutions with preci^tated and washed 
Prussian-blue, which thus becomes dyed. 

Potassium dichromate along with starch, &c., 


has been used as a precipitant with satranine, 
with which it produces ‘ a brownish-red lelke 
changing to oagmine-red on drying. 

Basic colouring matters are especially 
remarkable for their ready absorption by inert 
materials, such as kaolin, starch, diatomaceoua 
earth, green eaath, &c., without the aid of any 
yirecipitating agdlit. A solution of the dyestuff 
IS well mixed with the finely dividefl and well- 
washed base, and allpwed to s^^and for some 
time with occasional stirring. A certain amount 
of colouring matter is attracted from the solu- 
tion and the carrier becomes, as it were, dyed. 
Othe* carriers, r.g. gypsum, blanc-fixe, zin% 
oxide, &c., may be used, but tlmir attractive 
power for the colouring in after is very small, 
and they serve chiefly as diluents. The lakes 
from the silicioiis earths are the more firmly 
fixed, ai#] withstand the action cvcfl of 
strong alkalis. For this reason they find ajipli- 
cation* in the man»facturc of cheap lime 
washes. • 

Coloured powders, prepared according to 
these latter methods, can scarcely be regarded 
as true Jakes, as they mostly give up their 
colouring matter on repeated washing. 

B. From And Colouring Mailer^. 

The great majority of the acid colourhig 
matters referred to here arc the sulphonic acid 
j derivatives of certain colour bases and azo 
colouring matters derived from benzene, naph- 
ttialcnc, &c. With these barium chloride is 
almost exclusively employed as the precipitating 
agent ; a further addition of aluminium sulphate 
is also often mad#, especially if the colouring 
matter exhibits mordant dyeing jirope^ties 
according \o the law of Lichermann and 
V. Kostanccki. * • . 

More rarely, lead salts ifplace barium 
chloride. • 

Some of the phenoUc •colouring matters 
which possess special features may be included 
uflder this head, notably the eosins. Lead 
acetate or nitrate is especially suitable as a 
precipitating agent for colours of tliis class. 

Other suitable materials arc alum, aluminium 
acetate, calcium, magnesium, zinc, or stannic 
salts ; as a rule, they are used in Conjunction 
with caustic or carbonated alkali. , , 

As in^he case of*the basic colour lakes, so 
here, the ‘ base ’ or ‘ carrier ’ upon which the 
lakes are preci]>itated is of great importance, 
and the reader is referred to what has been 
said already upon thi^ioint. ^ 

T]j}e standard method fqf the formation of 
lakes from acid colouring matters containing 
the sulphonic acid group^jis that with aluminium 
sulphate and barium Chloride? The aluminium 
sulphate is precipitated as hydroxide in the 
first instance by soda, the cokuring matter 
I stirred in anri then* precipitated by the addition 
of barium chloride. In this way part of the 
‘ carrier ’ is aiso jiniducdfl, in the form of 
artificial barytes, at the moment of precipitation 
through Ihe" interaction of the barium chloride 
and the* sodium sulphate resulting from the 
decomposition of*tho aluminium sulphate, ailtt 
not only is th» precipitation r^dered more 
comjijtete thereby, but also a very intimate 
admixture of the ‘ carrier ’ and precipitated 
Qg>l§ur is secured. 
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A proportion of inert ‘ carrier,’ €.g. heavy 
Sfar, kaolin, lithopono, may also be added to the 
solution of aluminium sulphate before precipita- 
tion when lakes of greater opacity or less 
tinctorial power are desired ; an extra addition < 
of Glauber’s salt before the final precipitation, 
will bring about the same rcsi^It by increasing 
the amount of artificial barytes produced. 
Heplacing »the aluminium sulphate by alum 
yields lakes of a higher quality and valuable for 
printing purposes. They arc, of course, more 
costly to manufacture. 

A typical example of this method, published 
^y the Karbwerke vormals M(‘ister Luciifs and 
J^riining, no«>oliHt am Main, is the following : — 

30 parts alnmiinum sulphate 1/100 solution 

12 „ calcined soda . 1/100 

1^ „ colouring matter . 1/50 

4* „ barium chloride . I/IW 

C 

Precijjitato at 50'’- (^”Cl. 'riiis mctJuKl* is 
stated to be suitable for the^ various brands of 
azo scarlets. 

Reds. These arc chiefly derived from the 
azo colouring matters. A great variety aic 
now on the market, furnishing shades from 
a very bright scarlet to a dark bluish -red. 
.Such are Ponceau 2(1, G, GR, R, 2R, 3R, &c., 
East red, Bordeaux red, (hocein scarlet, <tc. 

Red lake.s, in nearly all cases, are shaded by 
admixture witli other colours, especially the 
various brands of oranges {s(e below und(‘r 
(Jombimd La/’e-s'). In such cases it is of cofi- 
siderable imp^taricc whether the colours arc 
dissolved separately or together, the latter 
method oftc* producing brig^itor lakes than the 
former. 

tlenerally spqaking, comiilete *^reei])itaiion 
obtained by ilio use of baniini cliloride upon 
a ‘ base ’ of alitmina with or without the aJniix- 
turc of an inert dilucn^., blanc-fixe lieing pro- 
duced simultaneotisly with the precipitation ; 
certain colours are more difficult to throw down 
completely, but this may bo obviated by suitaBle 
variations of quantities, tenijierature, dilution. 
&c. The addition of a little Tnrkey-red oil 
-’frequently has a favourable influence. 

Another method in the ease of some 
red azo colouring matters consists in treating 
a solution of aluminium sulphate with milk of 
*Jimc, forming a ‘ base ’ of»alumina ai^l calcium 
sulphate. The colour is thrown down iijam 
this by the addition of barium chloride, ami at 
the same time the calcium suljihate is replaced 
more or less completely by bianc-fixe. fl’he 
resulting lakes arc said ‘to be very soft and 
light. 

The milk of lime be replaced by levigated 
chalk with advanfhge. • 

Eosins. These colouring matters give 
scarlet and cjimson lakes of great brilliancy, 
some of which (the so-called ‘ veapiilion^ttos ’) 
are employed as substitutes for vermilion. 
They are mostly veffy fugitive. .For yellowish- 
reds a yellow shade of eosin is employed ; for 
reds, gradually increasing in blueness, erythro- 
aine, phloxine, cyanosine, and rose bengai may 
!:» used. The usual procipitaiits are lead salts, 

1 part pure ^osin being precipitated by 1 p^irt 
lead acetate, or 0'76 lead nitrate. Aluminium, 
tin, and zinc salts are also used. * 

The nature of the precipitating agci^. 


influences the shade of the resulting lake ; jFus 
lead acetate gives more yellowish products ^an 
lead nitrate from the same colouring matter. 
Lead salts give blue, tin and. aluminium salts 
yellow shades. ‘ #« 

Foiw ‘ vermilionettes ’ red lead is a Waitable 
base, with or without the addition ift’ small 
quantities of lead sulphate or barytes. Better 
class varieties aifc made with phromatc-of-lead- 
oraiige and alymina, in order to lesson their ^ 
high specific gravity. Du^ allowance imftit be 
made for the variation in^shado caused hv th6 
pre.seiicc of a coloured ‘ carrier.’ Their jirMuc-^ 
tioii is very simiile ; tluj solution of c/ilouring 
matter is mixed with the base, eiflnplote pre- 
cipitation hein^ obtained on the additTlin o^ a 
lead salt. •* 

Rriiiting and liihograpliie colours (kiu)wn as 
gcraniiunAakm) arc largely jirodiUccd from Ike 
cosin colouring matters. They may be trans- 
parent *or opaque, according to' tlic siiccial 
use *for which tlicy arc intended ; they all 
])ossess great covering power. Alumina and 
blane-lixe— either alone or in conjunction— and 
lead 8iil])haie are ehicJljy used as the ‘ carriers ’ ; 
or, occasionally, starcli, kaolm, or led lead. 
The colour is ]>iccipitaicd upon them by a lead 
salt. Ahiminiiiin (as alum, &c.) does not jn’o- 
duco so conijilele a ])r(‘cipitation. 

If desired the lake may be shaded U]) by the 
addition of rhodaniine B, winch unites with, and 
is j>r(‘cipitated along with tlio eosin. 

Combined Jake jiigmcnts are also made with 
the various brands of azo scarlets and orange JI. 

Oranges^ M’he im^thods apiilieable to the red 
colouring matters are also suitable for making 
orange lakes. 

Orange 11. furnishes a bright lake of good 
fastness to light, and*s in consi^lerable dcmknd 
on account of its ehcapiicss. (.llher brands are 
orange Jl, (), and fast orange 0. Jjor bettJr-class 
lakes used in printiig and liihog|aphy brilliant 
orange G afid R are en^ployed. * 

As stated above, orange coloifring matters 
find frequent application in shading the scarlBf 
azo colours. t 

Yellows. The number of yellow lakes is 
comparatively small owing to the superior 
properties of tlie various chrome yellows (isee 
Figments). They rfire employed, however, to 
shade green lgkf‘s in a inamicr spnilar to that of 
the oranges for azo scarlets. 

The most important colours used are 
naphthol yellow S, quinoline yeUow S, Victoria 
yellow, &c. ^ • 

Greens. The colouring matters mostly em- 
jiloyed for these lakes are sulphonic acids of the 
triplionylniethano series, e.g. the various aftjd 
greens, Init are among tke most difficult of all 
the acM eol( 4 uring matters to precipitate. 

Naphthol green bCloi^s t6 a different class. 
They arc only partially pijpoipitated by 
barium chloride, employfcig 1:he usual aluminium 
sulphate and soda method, and special modifica- 
tions must be resorted to, such as after-iirecipi- 
tation with further quantities of aluminium 
•ttlphatc or barium chloride, or both at once, 
reversing the order of precipitation and so on. 

The lakes 4rom acid gfeens (the ao-called 
viridine greens) possess a bluish-green shade. 
Lakes from naphthol green are particularly fast, 
to light. Better results and a greater range of 
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sh^os are obtained by admixture with napRthol UO gallons water. The whole is then raised to 
yellow or quinoline yellow. Combination boiling, and 44 lbs. potassium alum addi«i. 
apparently takes place with the basic amino After half an J^our’s boiling a final addition of 
groups of the acid green with the formation of 33 lbs, sodium bisulphite is made, the boiling 
a lesjusolublo combined Colour. ► again continued for half an hour, and the lake 

Blifts. With the exception of the r«>d acid filtered, washed, and dried at the ordinary 
colouring matters th(f blues furnish the greatest ton)perature. 


number of colours for lake-making. A large 
number of 8hade| are obtainabib, but, unlike the 
^ scarlets, a separate brand is .used for each 
particular shade, and mixtures are rarely found 
nccejgsary. Alkali bmes (opal blue, water blue, 
*&c.), patent blue, and erioglaucino are chiefly in 
deraani They are readily precipitated by banum 
chloride uptn a mixed alumina and blanc-fixe 
or^othe? suitable base, 'rhe pStent blues and 
crioglaucines arc e^ieptuDiis ; for the former 
the addition of a little •barium hydroxide has 
bften found dlfectivc, ^or the latter some zinc 
sulphate is ^dded, and this is precijiitated 
by sodium carbonate as mixed hydroifide and 
carbonate. • • 

For printing ])urposc'S alkali blue can be 
})reci])itatcd by Turkey-red oil or aoa]), and 
subsequent addition of a#bad or aluminium salt, 
with a suitable caiTK^r. n’hc latter, again, may 
be disjiensed with, and in such cases the lakes 
often exhibit a niagnilh‘.cnt lustre. 

Violets. Very few violet lakes are manu- 
factured from acid violet dyoslulTs, although they j 
are very much faster than the corresponding 
lakes from basic colours. Fast acid violet is 
principally employed. Tliey are all expensive 
to make, and only find aiiplication f of special 
purposes. 

A very bli»! violet is formyl vicSet S4B ; it 
furnishes lakes suitable for the rnanuTacturo of 
printing inks. 

•All these cojfiurs arc pi’oeipitated by barium 
chlori<|o upon a suitable ‘ carrier.’ 

C. From? Mordant Coloring Mailers. 

Besides th? wsry impAtaiit ^lizai4n-red lakes 
already desAibod, a certain number of other 
ITijective colouring matters are used for lake 
making.* They arc mostly closely related to 
alizarin itself, e.g, alizarin orange, brown, 
bqrdeaux, yellow, green, black, blue ; acid 
alizarin blue, and galloflavin, coeruleiii, and 
gallein are also employee^ 'Jdiey furnish lakes 
very fast to lijj^it, although the% cannot com- 
pare in brilliancy of shade wim other, but 
much more fugitive lakes from basi? and acid 
colours. 

tjako i^wmation is brought about in the 
► same maimer as with alizarin red, the general 
principle involved being the precipitation of an 
alkaline solution of the colour by aluminium 
hydroxide. •. 

Colours w^hich do not dissolve ii^soda^fequire 
a modification or fcvojsal^f the usual method ; 
they are stirreri^ up witii the solution of aluminium 
sulphate (or alum),*an4 combination is effected 
by additiipn of soda, sodium phosphate, and 
Turkey-red oil. • 

The Badische Anilin und Soda Fabrik iiublisb 
a special method for coerolein ; • 

22 lbs. colouring matter in 27 J gallons of 
water with 44 Ibs.^ sodium bisflphite (40®B6.) 
are well mixed and allowed to stand for 12 hours ; 
then heated to 70°C. with a*further 27 gallons 
of water, filtered, and the filtrate diluted with 


D. From Insoluhle Colouring Matters. 

A series of azo colours insohiblo in water 
are now made by the principal colour- works 
and sold in paste form for working up into 
lakes* according to speciall^r adapted methods, 
'j’he range of shades varies from yellow tif* 
bhiish-red. * 

'Phey arc mixed with 8uita*&le ‘ carriers ’ such 
as heavy spar, lithoponc, orange lead, magnesium 
oxide, an^ chalk. Frequently the mixturp is 
8im]>Jy ground together in the cold ; another 
method is to heat to boiling and ftdd barium 
chloricfe. Salts of ma^ioaium, copper sulphate, 
and ferrous sulpltite with Turkey-red oil are 
also used. The liry lakes are subjected to 
prolonged grinding with zino white, orange 
lead, Ac., this process greatly increasing their 
intensity. Tlic\y arc employed for lithographic 
and printing inks, as well as for oil and varnish 
colours anil jiosscss good brilliancy ; many of 
them arc exceptionally fast to light as well as 
to alkalis and spirit. 

,, E. From Developed Azo Colours. 

1'he application of the ‘ iqp colours ’ to 
carriers for the production of lake ‘[ligmenis was 
a natural oiitcomo^'M their succesiful use upon 
textile fibres. 

At the fiT’esont lame the method is in tery 
general use as the lakes made ‘after this 
are distinguished by their fastnees to light and 
other valuable propertio|. l^ractieally aU shades 
are obtainable except a greoni 

The pigments are all produced by the diazo- 
tilatioii of an amine followed by coupling 
with a phenol or anotlicr amine in a solution 
which contains the ‘ base ’ or ‘ carrier ’ in 
suspension. 

The chief amines used in diazotisiiig are : 
m- and p-nitranilinc, the nitro-toluidines, 

I aiiisidine, nitrophenetidinc, benzidine, tolidine, 

I a- and j8-naphthylamines. Bluer shades, but 16s^ 
i fast to fight, are obtained from aminoazo- 
j benzene and -toluene. • 

j The diazo compounds are coupled with 
I various phenols and amines, especially j6 -naphthol 
j which produces very 4)right lake^fast to water 
I (the insoluble azo-colnur^. t)ther phenols used 
! are phenol itself, resorcij^oi, a-naphthol, and its 
' disulphonic acid, amd jS-niiphtholdisulphonic 
I acid. • 0 

I The principal amines are dipl^pnylamiue and 
I m-phiitiylen^amme. 

I Certain precautions are necessary to produce 
lakes of maxirqum bi^ghtn«s, e.g. care must be 
taken to regulate the proportions of acid and 
alkali so that a neutral liquor is present when 
the forAation of the lake is complete. Ip 
practice a little stdium acetate is added, aceti^ 
acid having a less harmful action than free 
hydr(*chlorio acid An alkaline fiquor renders 
the lAke dull and dirty in shade. 

^ 4rhe following recipes (published by Chem. 
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Eabrik (^riryhcim-Eloktron) will best illustrate 
tfee manufacture of these lakes; 

A base (A) is prepared from i^-olutions of 
1330 grams aluminium sulphate, 

650 ,, calcined sttda, ' 

490 „ barium chloride. 

The precipitate is washed, thoroughly and 
well mixed with the alka^ne solution of 
j8-naphth(A (B) prepared from 

300 grams jS-naphthol dissolved in 
300 c.c. caustic lye (34"Bc.) and 2 litres boiling 
water. 

Add 300 grams calcined soda in 3 litres cold 
^water, ‘ ' 

1 80 gram* 'rurkey-rod oil, 

300 grams sodium acetate, making the whole 
u]) to 10 litres. 

Into tliis is run tlie diazo solution ((') from 
fc80 grams p-mtraniline dissolved in 
000 e.ci, liydrochloric acid (2r'Bc.) and 
2 litres boiling water. « * 

The tem})eraturc of tins li( 4 uid is then reduced 
to lO'^d by addition of 2 litres cold w'ater and 
ice and then diazotiscd with a solution of 144 
grams of sodium nitrite. 

The precipitated lake is washed thoroughly 
and dried. The above recipe ij 5 said to yield a 
deep-red shade. 

The azophor reds of M.L.B. may be used in 
place of the diazotiscd bases. 

F. From Sulphide Coluuring Alaficrft ami hidigo. 

Within recent years n number of processes 
have been jiiitentcd for the manufacture of 
lake jiignients from the vat dyc'stufls, especially 
the aulphid(J colours. They-' are brought into 
solution as in dyeing cloth arnh preci))itated 
upon a base by various means. 

^According to one such ])atent, taken out by 
(‘assella & Co* the dyestuff (25 p.o. paste) is 
dissolved in 1 ]).c. soditm suljilnde and prceipi- 
tatiid upon barytfis or other suitable ‘ earner ’ 
by the addition of sodium carbonate and 
barium chloride. * 

In another method, patented by the Berlin 
Aniline Co., the dyestuff is dissolved in .sodium 
sul])hide, a solution of barium chloride added, 
and oxidation brought about by blowing air 
through or adding manganese dioxide. 

^ , For instance, 20 parts suljihur black T extra 
are dissolved in a solutioti of 15 pau<^s .sodium 
sulphide* a solution of 25 ]iarts barium chloride 
run in and air blown through the mixture. 

Lakes may also bo obtained from indigo. 
They are sa^d to be exceptionally fa.st and 
especially suitable^ for jtroclueing very fright 
combined lakes. 

Combined La:|^e 

As already mentioned a lake is frequently 
produced by the precipitation of nwre thflln one 
colouring matter, either separately or in con- 
junction, upon the ^carriir.’ The colours may 
be of similar chemical nature, but varying 
shade, or they may differ absolutel}^ in both 
these respects. To the first class bmong, for 
Sample, the numerous scadfet lakes obtained 
by combining orange and scarlet colouring 
matters of various shades. • 

Lakes belonging to the second class differ 
materially both in shade and properties ffo« 


any member of the combination used to pro^iuce 
the pigment, c.g. the maroon lakes made from 
scarlets combined with magenta or satranine. 

For the latter lakesj and others of the same 
class the initial colour is always eitly4.*‘ red, 
orangej or yellow, and fijom these all |)os8ible 
shades from bluish -red to yellowish-green are 
obtained by the addition of other colours such 
as magenta, safranine, methylene blue, malachite 
green, acid green, and even diamond bladj^. < 

3’ho methods availabk for manufacturing 
these combined lakes are onviously too numerous 
for detailing here, but a few general outljpes and* 
precautions may be hidicated. Thvs due 
consideration must always be giveit tojbhe acid 
or ba.sic character of the colours used and suit- 
able means of precipitatioi^ arranged. Acid and 
ba.sic colours .should ne^er be dis.s^lved together, 
since combination take.s* place often with the 
production of a dark resinou.s [ireyipitato. The 
.sarno ajiplies to colours such as the acid greens, 
which contain groups cajiAble of combining 
wdth the acid or basic groups of the second 
colour. 

; The first colour m£^y be made into a pigment 
1 (termed the ‘ initial lake ’), upon which a second 
I colour IS then precipitated by suitable reagents. 

I When, a.s most frequently happens, the initial 
lake is prepared from a soluble azo colour by 
means of barium chloride, and a basic colour is 
thrown down upon it, care must be taken that 
the precijiitating agent u.scd in the latter case 
does qot affect the pigment first formed. For 
this reason materials such as Turkey-red oil and 
resin soaji^niust be* excluded, and the tannic 
acid and^tartar emetic method ffe the only one 
really suitable for this purpose. 

• ( 

Analy.sis of Lake Pigments. 

• 

The analy.sis of the colouringr matters in a 
lake IS often a matte r of great difficulty, and the 
subject reiYiain.*^ largely in an empirical state. 
The eoinjiosition of the ‘ base ’ or*'^ carrier,’ 
the other hand, presents no serious difficulties ; 
a portion of the lake is incinerated •and the 
re.sidiie examined by the usual processes of 
qualitative analysis. In this way the presence 
of mineral pigrnents^to which coal-tar colours 
have been added may also be detected. Valu- 
able indieatii'hs may often b» given by the 
presoiieo ^of the precipitating agent in the 
mineral residue, c.g. a red lake which is found 
to contain lead is most likely to have been 
produced from a colouring matter the ebsin 
series, &c. 

Other properties, chemical and physical, also 
furnish important evidence, the colour, fastness 
acids, alkalil, spirit, &c. Further, 
the selfing ptice of a lake will^often bo a deciding 
factor where two ooloffrs «we under consideration, 
of similar shade but difforeijt in price. 

The class of colourin^matter from wlRch any 
given sample of a lake may have been derived can 
generally be settled with considerable precision 
by employing the schemes drawn up by various 
ftuthors for the analysis of dyestuffs, both on 
the fibre and in the solid state, making allowance 
for the altoratfcns in propA*tie8 brought about 
by the presence of,the*carrier and precipitating 
agent. The identification may be carried 
further by noting the behaviour of the sample 
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siioh reagentH as sulphuric acid, caustic | 
soda, hydrochloric acid, alcohol, &o. ; but where . 
uK^re thaif one colouring matter is present the | 
only satisfactory metln^d of determining the I 
shadt^ff colours is by trials in the laboratory r 
or by comparison w^th a series of staftdards. i 


LANCASTER YELLOW 

O.Tf/™),), 

A colouring matter obtained by P. Greiss, in 


Modern pigments, as previously stated, are!] 375^ jjy ^he action of picramic (tsopurpuric) 
mostly examples of ‘ combined ’ lakes, and in acid on phenol. Sparingly soluble An water ; 
such cases, though the principal constituent may soluble in sulphuric acid, with rcdaish-ycllow 
, be identified, it is frequently alUbut impossible colour. Dyes silk and wool in nan acid bath 
^0 do’tect the small quantity of the secondary brownish-yellow. No longer used. 


coloijfs present by any process of direct analysis. 

*In this case it is best to ascertain their nature 
indirect by a comparison with lakes specially 
])ropare(J for the purpose. 

literature . — Lehrjtiuch der ^Farbenfabrika- 
tion, J. G. Gentole ; T)ie Erd-Mincral-und-Lack- 


LANGBEINITE. A double salt 
• lv.,S 04 - 2 MgS 04 

crystallise<l in the cubic system ^v^ith tetarto- 
hedral symmetry,’ and containing KoO 22‘7 p.c. 
Crystals are very rare, the mineral usually 


Farben, &c., ^S. Mierzirfhki ; Die C^hemie des | occurring in a granular massive form. Jhis 
Sfeinkohlentheers {2n(f ed.), 2, 22, G. Schultz; is colourless to grey with a glassy to greasy 
IMgmenb? from lustre and a conchoidal fracture ,* H. 3-4 ; 


'Phe Manufa^dure of Lake IMgmenb? from lustre and a conchoidal fracture * H. 3-4 ; 
Artificial Colours, F. D. Jennison; A Tre|tise sp.gr. l*81-2-8(» ; rcfrifttive index (Na) D5347. 
on Colour Manufacture, Zerr and Jtiibencamp, It is completely,* though slowly, soluble in 
translated by Ch. Mayer ; The Manufacture of water. On exposure to the air it absorbs 
Mineral and Lake Pigments, Bersch, translated moisture, becoming cloudy, and finally falling to 
by A. C Wright ; Paintfrs’ Colours, Oils, and ])owdcr with a considerable increase in volume ; 
Varnishes, G. H. Hurst ; Journ. Soc. Dyers and the material then consists of a mixture of 
Colourists (1890, fi, 32) ; Instructions issued by pioromerite ( Ko.SO^’MgSO^.fiHgO) and epsomite 
several Coal-tar Colour Manufacturers: Weber (MgS04,7H5j0).~ T'he mineral is found in con- 
(J. kSoc. Chem. Ind. 1891, 10, 890; 1893, 12, siderablc quantities at several localities in the 
050 ; 1894, 13, 1151). Prussian salt deposits, where it was first recog- 


siderablc quantities at several localities in the 
Prussian salt deposits, where it was first recog- 


For the anaUmn of lake Tests for niscd in 1891. At Wilhelmshall north of 

C^ial-tar Colours in Aniline Lakes, Geo. Zerr, l^dbcrstadt and near Wolf cnbiittel in Brunswick 
translated by Mayer. A. G.*P. it occurs as a primary mineral in the older beds 

LAMPBLACK is the soot or finely •divided of rock-salt, taking the place of polyhalite in 
carbon produced by the imperfect i!o|nbustion of places where calcium is deficient. At Weste- 
various substalTces of a fatty or rcsinoii^s nature, regein and Neu-Staslsfurt it is found m association 
such as vegetable and animal oils, pinewood, with sylvitg»and rock-salt, and is partly# of 
and dead oil ; and it may be taken that whatever secondary formation ; and at- Solvayhall ne^ 
the*oombustibleijnaterial ^hich, on full exposure Bernburg it overlies the carnallitjg stratuniTlt 


deposit. The German mode o4 manufacturing kij^erltc, and partly described in 1873 (F. K. 
l^npblack cifiisists in collecting it on a woollen Mallet, Min. Mag. 1899, 12, 159). The salt is 
Cloth exposed to the smoke emitted from resinous prepared artificially from a boiling concentrated 
woods blrning in a close furnace. The cloth solution of magnesium chloride and potassium 
lieing shaken from time to time, the particles are sulphate with excess of magnesium sulphate ; or 
detached and collected. Lampblack is employed by fusing together potassium and magnesium 
in the manufacture of printmg-inks and pigments, sulphates in the proper proportions. 

What is known in American trade as L. J. S. «> « 

carbon black is » fiuffy, velvety-r»m of lamp- LANOhIN v. CholIsterol. 

black produced by the incomplete, combus- LANORESIN v. Resins. , 

tion of natural gas containing ethane, burning LANTHANITE. Hydrated carbonate of 
against a metal surface. It is made in various lanthanum, didymium, and ceriitm 
localities wher» supplies of natural gas are t? on n • 

* available, but mainlj’^ in West Virginia and ^ hai 

Louisiana, which accounts for 90 per cent, of the crystallised in the orthorhombic system. An 
total yield. One thousand cubic feet of gas analysis by G. Lindstrdfn (^10) of material 
yield from 11b. to fi:lb. of carbon Llack. from Bastnas, Swedent gave : "LajDilgOa 28-34, 
Upwards of fifty-one million pounite were pro- Ce^Oa 25*52, YgO., 0-79| CO2 21-95, H2O 23-40, 
ducedin 1920from^9pkn^. About 40 per cent, insol. 0*13=100-13. Crystals have the form of 
of the production is jised as a colouring material thin jliates «- scales with very nearly square 
in the rtibber industry.* 35 per cent, in manu- outlines, or sometimes th^ are of a thick- 
facturing firinter’s ink, and 10 per cent, for tabular habit •rescm^iling apophyllite. They 
various uses : e.g. stove and boot* polish, have a perfect micaceous cleavage parallel to 
gramophone records, bkok leather, electric the basa^ plane, on which the lustre is pearly, 
insulators, drawing and marking inks, celluloid* The colour is usually a delicate pink. Sp.gr, 
and carbon paixjrs; about 15 per cent, is 2-t>-2-74 ; H. 2|r%. The mineral occurs spa^ 
exported. Carbon mack is used instead of zinc ingly as an altertition product on cerite {q.v.) 


oxide as a filler for rubber ty/es, as it increases ^ ^ ^ 

their tensile strength and elasticity (U.S. Geol. crystals of sodium chlorah; 
Surv. 1921 ; Jour Boc. Ohom. Ind., 1922, 00 R). urfexire optically inactive. 


^ 'rtie degree of symmetry is the same as that of 
crvsUda of sodium chlorate, but the crystals of langbei- 
uieTire optically inactive. 
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gneiss at Bastnas in Sweden ; with zinc-ores 
in limestone at ' Bethlehem in Lehigh Co., 
Pennsylvania; with iron -ore ‘'at Moriah in 
Essex Co., New York ; and at Canton mine in, 
. Cherokee Co., Ccorgia. L. J. S. 

LANTHANUM. Syni. La. At.wt. 138-91 
(Baxter, Pani and Chapin). Crude lanthana 
was obtai^ied from the cord-e earths in 1839 
by Mosander, wlm afterwards separated this 
material by ifractional crystallisation of the 
sulphates into lanthana and ‘ didymia * (neo- 
aiid praseo-dymia). 

Sources. — The minerals containing theicerite 
•metals, e.g. ceritc, orthite, inonazite, and 
lanthanite {hativ,e lanthanum carbonate con- 
taining didyiuiui:^. 

Separation. If the material employed as 
the^ource of lanthanum contains (considerable 
quantities of yttrium earths a preliminary 
separation * of the two main groups mny* bo 
effected with sodium su’llihatc. * 

Methods of Isolation depend/m^ 07i Diffcreiices 
in Basic Siremjth. 

The Reparation of lanthana from ‘ didymia ’ 
is quickly effected, although with some loss 
of material, by adding magnesia to a boiling 
solution of the mixed salts until the liquid 
ceases to give the characteristic absorption 
bands of neodymium and praseodymium, the 
leas basic oxides of t hesc elements being i»reci])i- 
tated, whilst the more basic lanthana remaiiis 
dissolved (Muthmann and Kohg, Bcr. 1898, 3J, 
ni8; B.. J. I^eyer and Marckwald, ihid. 1900, 
33, 3009). ^Fractional precipitation with am- 
monia or caustic soda is lihrdly to be leconi- 
me*ided for exiierimcnts on a large^ifale, because 
difficulty of collecting and washing the 
^hydroxides. ^Moreover, ammonium salts arc 
decomposed by lanthana and ‘ didymia,’ so 
that these bases, are *hot effectively removed 
frofh solution by ammonia. 

An interesting modification of the b^n'e 
method consists in utilising the ignited mixed 
oxides of the rare earth metals to precipitate 
fractionally an equivalent proportion of these 
metals from the neutral solution of tlicir 


The mixed nitrates of lanthanum, pmselidy- 
mium, neodymium, and samarium melt at 
about 400““500° to a clear liquid, in*' which are 
gradually formed small crystals of basic nitrate. 
The solution obtained by boiling the pr^ilct of 
fusion ‘with 10 parts of wftcr deposits tipe basic 
salt. 'I'he fusion is then repeated on the 
normal nitrates, from both the insoluble and 
soluble portions. The lanthaaium accumulates 
in the iin dec dhi posed nitrate, while praseody-* 
mium, neodymium, sam 4 W.-ium, together with 
terbium and yttrium metals are found iw the 
basic nitrate fractions. r * 

« 

Methods of Isolation hy Crysiafiisation. 

By a systematic fractumal crystallisatioif of 
the double ammomuni, ritrates 

E(N()3)3.2Nli4N03, 41120 
in iiitia'c acid solution, Auer won Wolsbach 
sucfcedcd in scjiarating lanthanum from the 
other cerite metals, and alsb in dividing ‘ didy- 
mium ’ into its components, praseodymium, and 
neodymium. In this^ fractionation lanthanum 
accumulates in the least soluble portions, and 
IS followed successively by praseodymium and 
neodymium, whilst tlie most soluble fractions 
contain samarium and the teVbium and yttrium 
metals (Monatsh. 1885, G, 477). In ojierating 
on large quantities of cerite earths it is more 
convenient to work in neutral solutions rather 
than in nitric acid, but in the absence of acid 
the nitmber of fractions is considerably increased 
(Wien ?!itziingsber. 1903, 11 a, 112). 

Other ^^iKslifications of von Welsbach’s 
method ,have been devised, having for their 
object, the more rapid separation of praseody- 
mium and neodymium [ef. Scheolc, Ber. LS99, 
32, 409; Dennis and Ohamot,^. Amer. Cbom, 
Soc. 1897, 19, 799; l')emar 9 ay, Corapt. rend. 
1900, 139, 1019, 1185; Drossbsl.-'h, Bcr. 1902, 

I 38, 282(i ; .Lacomb^, V^H Soc. ckim. 1904, [iii.] 

I 31, 570) • ^ 

I By cacli of those prneesses lanthanum can 4e 
I readily separated in a highly purified condition, 

! because it yields the least soluble double 
j nitrates. Last traces of praseodymium are 


nitrates. A solution of the neutral nitrates is 
divided into two parts, one portion precipitated 
•with oxalic acid, the oxalates ignited, and the 
resulting oxides added to the remaiuifig portion 
of the vtrates in 12 p.c. aqueous solution, A 
vigorous action occurs, the mixture is diluted, 
heated on the water-batli, and the clear liquid 
decanted froHi the precipitate. 3'hc fractiona- 
tion is repeated on^i^otli the soluble and imRiluble 
portions. By this process the lanthanum 
accumulates in th# soluTiojis, whilst the praseody- 
mium and neodymium concentrated in the 
precipitates (Hermann, Tf. pr. Oliem. 1861, 82, 
385; Auer von Welsbaoh, Monatsh. 1^83, 4, 
630 ; ihid. 1884, 5, 608 ; Scliottlander, Ber. 
1892, 25, 378). % , 

Boiling the rare earth oxides ^ith ammonium 
salts loads to a fractionation, since the more 
basic constituents displace ammonia find pass 
ijito solution (Drossbach, Be:^ 1902, 35, 2826). 

The fractional decompositipn of the nitrates 
is another nfethod depending on differences in 
basic strength (Bettendorff, Annalen, 1890, 256, 
159; Urbain, Ann. Ohim. Phys. 1900, [vii.^19, 
184). . *- 


removed by fractional crystallisation of the 
double carbonates 12HoO, whbre 

R— La, Co, Pi;or Nd, the metals being arranged 
m ascendiiig*ordcr of solubilit^^ (R. J. Meyer, 
Zeit.sch. anorg. Chem. 1904, 41, 94). 

The classical ‘ sulphate ’ method may also 
be employed in separating lanthanum frort^the 
other cerite metals (Holtzmanif, J.* pr. Chem. « 
1858, 76, 321). 

According to Dennis and Lemon (J. Amer. 
Chem. Soo. 1915, 37, J31) in the fractional 
electrolysis of a neutral solution of the nitrates 
of neodymiifm, prasqfidymiuiu, lanthanum, and 
samarium, the lanthaiiiftn collects in the last 
fractions, and can thus^W sopaflitcd frpm the 
other earths of the didymiiim group. Lantha- 
num ca.n be satisfactorily separfted from 
praseodymium by this method, 
g Metallic lanthanum’, m.p. 810°, sp.gr. 6-1545- 
6*193, sp. heat 0-04637, is best prepared by the 
electrolysis of the fused cl^loricle, a current of 
50 amperes ana 10-15 volts being required ; it 
is the most active of* the rare earth metals, 
tarnishing in dry air, and in presence of 
moisture becoming coated with white hydroxide . 



LAOTHANUM. 


• 

(MUfchmann, Kraft and Weiss, Annalen, 1903, 
325,201 ; 1904,331,1). 

When floated in air lanthanum furnishes a 
mixtui'e of oxide and nitride, and in hydrogen 
it yitflfc the hydride. With aluminium, lantha- 
num fo^ms the alloy J^aAl^, a crystalling white 
substance (sp.gr. 3-923), stable in air, and in- 
soluble in nitric acid [of, Muthjnann and Beck, 
Annalen, 1904, 331, 40). 

c L^M^thana {Lantlumum ovide) ifi a snow-white 
lewder produced byi^eating the hydroxide or 
oxal^e; its sp.gr. is 5-94, or 0*53 after raising to 
•white li^at. 'riie amorphous oxide readily ab- 
sorbs wfJtor carbon (Moxide, but the crystalline 
modificai^ion (sp.gr. 5-295) obtamcd in rhombic 
priams by heating lanthanum carbonate in fused 
borax can no longer bo directly hydrated. 

^ 3^he oxide Jias beon^re*duced to the metal by 
magnesium but not by aluminium. 

Lanthanum hydroxide La(OH)3, % white 
amorphous precipitate produced by adding 
excess of ammonisC or caustic alkali to the 
solution of a lanthanum salt, is the strongest 
base of tbo rare earth ^crics ; it turns red 
litmus blue, absorbs carbon dioxide from the 
atmosphere, and displaces ammonia from 
ammonium salts. In the presence of hydrogen 
peroxide, the hydroxide gives a hydrated 
lanthanum peroxide. 

Lanthanum hydride LalTs or LaHj (Winkler, 
Bor. 1891, 24, 873 ; Miithiiiann and Kraft, 
Annalen, 1903, 325, 279), formed by direct 
union of its components at 240°, is a •black 
substance more stable in air than thi corre- 
sponding cerium oompoiind. • 

Lanthanum* carbide La('i„ sp.gr, ,5-02, is 
prepared by heating in a carbon tube, with an 
eleq^-ric current of 350 amperes and 500 volts, 
100 parts of laAthana anti 80 parts of sugar 
carbon# When decomposed with water the 
carbon yields fO-71 p.c. of acetylene, 27-28 p.c. 
of methane, and 2-0 p.c. ^if *ethylcn(^ (Moissan, 
Corapt, rend.^896, 123, 148). • 

^ Lanthanum nitride LaN, a black powder 
prepared from lanthanum and nitrogen at rod 
licat, is • decomposed by moisture yielding 
ammonia and lanthanum hydroxide (Annalen, 
1903, 325, 261). A basic lanthanum azide 
La(N3)a-OH, 14412,0 havinggixplosive properties, 
is obtained by dissolving lanthaija in aqueous 
hydrazoic acid, •and precipitating with ether 
aloohol (J. pr. Ohem. 1900, [ii.J 61, 403). 

Lanthanum sulphide LagSa- A yellow powder, 
sp.gt 4-9108, obtained by heating the anhydrous 
^sulphate in*hy(ftogen sulphide, is stable in air 
but decomposed by boiling water. A higher 
Bulpliide La2S4 has been produced by the further 
action of hydrogen sulphide on the sesquisulphide 
at 600° (Biltz, Ber. 1908, 41, 3341). p 

Lanthanum nitiate La^^ 03 )a, 6 If 20 crystal- 
lises from water in * transparent colourless 
prisms ; it lofes strong sulphuric 

" acid, and is readily solulole in alcohol. A strong 
solution of^the commercial nitrate is uged as a 
stamping fluid for marking the maker’s name or 
brand on incandescent mantles, so that when^ 
these are burnt the design appears in brown on 
the white thoria skejpton. 

Lanthanum ammonium nitrate 

La(N0,)„2NH\NCr,.4H,0 

.monoclinie crystals, is isomorphous -with the 


corresponding double salts of the other cerite 
metals (Kraus, Zeitsch. Krist. 1901, 34 307).'^ 

Lanthanum miagnesium nitrate * 

, 2La(N03)s,3Mg(N03)o,24H20 

separates in lustrous colourless rhombohodral 
prisms belonging to the hexagonal system. 
Lanthanum also# forms well-defined double 
nitrates with ijyridine, quinoline, Ond other 
organic bases. 

Lanthanum sulphate La2{S()4)'’8,9H20 is the 
most stable of three hydrates, and the least 
soluble sulphate of the rare earth series, its 
solubifity diminishing with jflse of temperature 
it separates in hexagonal prisms, isomorphous 
with the ceroiis salt 062(8^4)2, 9H2O. The 

anhydrous sulphate is produced by heating the 
hydrate with strong sulphuric acid, when the 
acid sulphEite La(S04H)3 first produced is after- 
wards dccompo.sed above 280°. T^he double 
suipiia^s La2(S04)8, 31^16804 and 

La2(S(\)a,Na2S04,2H20 

are sparingly soluble, particularly in the presence 
of excess of alkali sulphate. 

Lanthanum fluoride LaFg prepared in the 
anhydrous state by burning lanthanum carbide 
ill fluorine (c/. Moissan, lx.) and as a gelatinous 
precipitate 2LaF3,H2() by the interaction of 
hydrofluoric acid and lanthanum acetate ; the 
sulphate yields the acid fluoride 2LaF3,3HF. 

Lanthanum chloride Ladg, m.p. 907°, 
sj^gr. 3-947, is prepared by the general methods 
for preparing anhydrous chlorides [cf. Ceeium ; 
and Matignon and Bourrion, Compt. rend. 1904, 
138, 627 ; 1905, 140, 1181 ; Ann. piim. Phvs. 

[ viii.] 5, 127) ; it is a^jolourless compound dissolv- 
ing in watery alcohol with considerable gentra- 
tion of heat. In aqueous solution this salt shjusju, 
very little hydrolj^ic dissociatiom; its hydrate 
2La0l3,15H2O or LaCJL,7H20 forms triclinic 
crystals, the alcoholaw is , LaCl3,202H5.0H 
(Zschiescho, J. pr. Chem. 1868, 104, 174 ; Clt#ve, 
Bi4|l. Soc. chira. 1874, [ii.] 21, 196). The foUowing 
double chlorides 2LaCl, 3PtCl4,24H20 ; LaCTa, 
PtCl4,13H20; and LaCl3,AuCl3,10H20 have 
been described. 

Lanthanum platinocyanide 

2La(0N)3,3Pt(CN)2,18H20 
forms yellow fluorescent prisms with a blue 
reflex. o ^ 

Lanthanum-oobalticyanide 

La2(C0C3Ne)2,9H20 

one of the most soluble of the rare earth cobalti- 
cyanides in 10 p.c. hydrochloric aci^ : 1000 pts. 
saturalied solution contain 10i41 pts. of the salt. 

Lanthanum acetate La(C2H802)3,UH20, 
thin prisms, furnishes in the cqjd with ammonia 
a gelatinous precipitate of basic acetate, which, 
when mixed ^ith solil? iodine, becomes blue 
like starch iodide. This reaction, which does not 
occur with t*te nitrate or with the precipitate 
from boiling solutions of t||e normal acetate, 
depends on the eolloidtl nature of the basic salt, 
the colour being due to an adsorption compound. 
Although^this coloration is used as a test for 
lanthanum it is uncertain so long as other 
elements are preso^lt (Biltz, Ber. 1904, 37, 719). 

Lanthanum otalate La2(C204)4„ 9, 10, or 
llHaCf, a white curdy precipitate becoming 
crystalline ; is more soluble in acid or in aqueous 
amiAonium oxalate than the oxalates of other 
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ra^ earth metals (rf. Cleve, Bull Roc. chim. 
1874, [ii.] 21, 190 ; Power and Rheddon, J. Soc. 1 
Chem. Ind. ‘ 1900, 19, 030 ; * Brauner and 
PavU^ek; Chem. Soc. Trans. 1902, 81, 1243).^ 
Whittemore and James, J. Amer. Chem. Soc.^ 
1912, 34, 1108. 

Lanthanum acetylacetonato La(C 5 H 702 ) 8 » 
colourless needles, m.p. 185°,*eryatallisps from 
water with 3HoO (Aiinaien, 1902, 323, 20 ; ] 904, 
.331,334). 

Lanthanum dimethyl phosphate 

La2(Me2P04)e,4H/) 

» _ %i 

•rt^hite, hexagonal crystals, solubility in water 
I03‘7 pts. pef 10.') at 25^^ (Morgan and James, J. 
Amer. Chem. Roc.*1914, 30, 10). 

For other organic salts of lanthanum, see 
Rin^ach and Schubert, Zcitsch. phyaikal. Chem. 
1900, 07, 183; Erdmann and Wirtlf, Annalen, 


LANTHANUM. ‘ 

cold* nitration oonrerts ‘it into 
lajMChol CigHijOstNOalAc, m.p. 160M08°C., 
whilst further acetylation yields diacetyl- 
derivative CijHuOaAQs, colourless crystals, 
m.p. nr-mv. a\ 

Various salts of lapachol have been d^cribed, 
of which those of the metals are red in colour, 
those of organic bases yellow to orange. The 
sodium and potassium saltst crystallise with 
OHaO: CiBHf,03Na(K),5H20 ; the calcium,,, 
or strontium salt has onlyJt«|H20 ; 

whilst the barium salt has 7H2O : 


;iiem. 

lOI.S, 


1907, 53, 83 ; Jantsch an^ Criinkraut, il/id. ID 
79, 305 ; Armstrong and Rodd, Proc. Jtoy. Roc. 
1912, 87, 204; James and co-workers, J. Amer. 
(^hom. Roc. 1911, 33, 1330; 1913, 35, 127; 1913, 
.35, 872 ; 1914, 3(1, 10 ; 1915, 37, 2052. I 

Sppclra of lanthanum . — Spark and Arc I 
R])ectra, v. Exner and Haschek, Dio Wellen- 
langeri der BogenspeUtra, I. and II. 1904; 
Rowland, A Preliminary Table of Solar Spectrum 
Wave Lengths, 180(). 

Unless rendered impure by the presence of 
traces of other rare earths, lanthana and lantha- 
num salts do not become luminescent m varud 
under the influence of cathode rays. 

G. T. M. 

LANTHaPINE r. Optttm.* 

JjAPACHOL. 'Ibis colouring m%^ter has been 
obtained from the wood of the Jjapaedm tree, 
IrSftl^Greeriheart wood, and also from Bethaberra 
wood. It was from the first-named that 
Arnaudon (Com^)t. And. 1858, 40, 1154) 
originally obtained it by extracting the wood 
with alcohol, and recrystal lising tlie product 
from a mixture of alcohol and ether. Slcin 
(J. pr. Chem. 99, 1) showed that the same 
colouring matter was present in Grcenheart 
wood, whilst ( {reen and Hooker (Amer. Ghein. J. 
11, 2(37) obtained it from Bethaberra wood. 

According to Paterno (Gazz chim. ital. 12, 
*337; 21, 374) the colouring matter is best 
extracted from the wootl by means of soda 
Bolntion (1 gram soda crystals in 10 grams water 
for 20 grams finely divided wood), the product 
being precipitated from the combined extracts 
by means (gf hydrochloric acid, purified by 
. extraction with btrium nydroxide soluti^^^i and 
roprecipitation with acid\ The product thus 
obtained when jecry^^allised from benzene is 
readily obtained m a pnrl^ condition. 

lAipachol Ci 6H,40^ 3’he ^n.p. of the 
crystalline pfoduct has been variously stated 
as 138“C. (PaternO) and 140 6°C. (•Green)* It is 
insoluble in water, but soluble in alkalis, yielding 
red solutions whicn contiin its •salts. It is not 
very soluble in ether, but easily soluble in 
chloroform, glacial acetic acid, ar^ in hot 
|i,lcohol or benzene. 

Monoacetyl derivative CfBUigOgAo, yellow 
prisms, m.jk 82°-83“G., is "prepared by the 
action of acetic anhydride and sodium liceiate 
on lapachol. It is insoluble in water, crystallises 
from alcohol and is very easily hydrolj%ei ; 


Anhydrous lea*!, silver, and ammonium s%lts 
have also been describecl. Of the salts of 
organic bases, the aniline salt ChHijOji'C'bH 7N 
consists of yellow needles) m.p. 12D- I22“G., that 
of p-Ldpidinc GifjHj4()3'G;HflN of ^irangc-yelJow 
lealj^ts, m.p. J 30^(1, and that of o-tolnidino 
of yellow crystals, m.p. ISHV. 

The elucidation of the constitution of this 
colouring matter is due to Paterno (Gazz. chim. 
ital. 1883, 12, .337, f5i2 ; 1890, 19, 601; 1891, 
21, 374); and Hooker (.1. Ghom. Roc, 1892, 61, 
611; 1896,69,1355). 

It was Paterno who first put forward a 
structural formula for lajiachol, which he based 
chiefly upon evidence obtained from examination 
of its oxidation and reduction products. 

When oxidised by nitric acid (sp.gr. 1*38), 
la])acU(d gives rise to })htlmlic acid in good yield, 
whereat* when the colouring matter is reduced 
by means (d hvdriodic acid and red phosphorus, 
a suh.stapce is obtaiued whielf Paterno oon- 
sidert'd to be ^•isoamyl-na])hlhalene. As the 
result ho suggested the following constitution 
for lapachol ; — * 

O 

/\ / • 

OH ^^ ^^3 

'li 

0 

The position of the double bond has been 
di.s])uted by liookcT. I’liis author concludes 
that the product wmeli Paternb considered to 
1)0 ^-isoamybliaphthaleno in r|ality consists of 
a niixtury of two substances to which ho gives 
the name.s a- and ^-Vipachan^ and formulates 
thus : — 




\/\ " 

a-Lai»eliau. 

• 


X\/ V 

1 1 

• - GTT 

-CH2-GH2-g<J:iH; 


and 

) I I « • 

! \/\,/ 
j • g-Lapachau. 

I He was able to show that the product obtained 
j^by treating naphthalene with isoamyl-chloride, 
in the presence of aluminium chloride, was not 
identical with^that obtained by Paternd by the 
reduction of lapa(^ol.» Moreover, by condensa- 
tion of B-hydroxy-a-naphthoquinone and isovaleric 
oMehyaCf in the presence of hydrochloric acid, 



LAPACHOt. 


b« |btam|fi a compound that should hav^ the 
structure applied to ‘lapachol by PatemO, 
though to^this^ in view of its bright red colour, 
he assigned the formula — 
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OH 

/\A_ 

\/\^= 


-C'H 

0 


/CH3 

-CH—aCH 


• VH3 


o •• 

<ind ^lo^ame -lapachol. " 

Alilftnigh iso-^-lajJlLchol is a derivative of 
^-naphthoquinone, whilst Patent's formula for 
lapachol represents it as a derivative ofa-naph- 
thoquinone, both substances should yield the 
sajpe reducticqj produt^, *but as the reduction 
product given by lapachol is not identical 
with that obtained by Paternd from hi^achol, 
Hooker concluded that lajiachol has in redlil v 
the structure — 

0 


was rejected by Hooker, and a consideration of 
the following series of changes makes clear his 
ground for this cejection. 

When lapachol is brominated, in chloroform, 
the product is bro7n- ^-kipachon^, orange-red 
crystals, m.p. 130°-*'140°C. This when boiled 
with caustic soda yields dihydroTy-hifdro- 
laparhol, m.p. 18fl®~182°0., and, according to 
Hooker, on treatment of this produetTwith con- 
centrated sulphuric acid the products (1), (2), 
(3), and (4) arc formed simultaneously, and the 
changes may be represented by the" following 
I sehom^ ; — 

O * . 


-CTf, 

-OH 


/ !T 4 .._(V 


I 


.\/ 

II 

o 


'—(TH- 

OU 


--CH-c<r 


CH 3 


\/'\/ 


LainiChoh 

0 

i— CTIj— CTI— 0 

O 


.(T43 


Hr 


The alternative form — 
0 


Brom-p-Lnpachone . 


Then 



' OH 


-Oiro-tTi— 0 
OH 


XU. 


XH. 

I I 

on OH 


CH, 


1 I, I OH I I 

\/\/ OH OJI 


rearm Tige merit 
followed by 


deJiydr itlou 


Diliydroxv-hydro-lnitichol. 


0-^ 

<1h 


^ dehydration and ^ 


rearrangement 


0 


0 


C— CH ^ 

I O-H a 

-OH 

o 


(I.) 


further 


O 

/xA 




(II.) Hydroxy-isolapachol. 


dell yd ration 

11 

0 


;_o • T •’ 


(HI ) l 8 oprop:y^-fnran-a-#[iphtho(iiiinone. 

.-0 

• • 


v/ 


= 0 ' 


\ f'H * 

(■-,CH<”» 


(IV.) Isoprop^-furnn-g-naphthoqulnone. 


thoiiffh ‘rl'nnw.? a la can be reconverted by the action of caustic soda into dihydroxy-lsolapachol 

snfphuric arid ^ ^ ^ succeed in isolating this as an Intermediate product In the initial reaction with 

. VoL. IV.— T. * * 
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. LAFAOHOL, 


When lapaohol ia treated with mineral acids, 
BPboker obtained two enbstances which he 
termed a- and /3-lapaohone, and to which the 
following constitutions have been assigned ; — 

0 


'0-^ 




CHg 

CHa 


and 


a-Lapnchone. 



;5-Tiapa^lione. r 

The former consists of prJe yellow crystals, I 
m.p. 117“('., and changes on solution in con- 
centrated sid})huric aci(l into the latter, which 
forms orange-red crystals, m.p. 155"-15C°(!. 

According to Crosa and Manuclli (Atti K. 
Accad. Liricei. J895, ii. 250), Lapacho wood, 
on prolonged distillation with steam, yields 
a volatile crystalline product to which they 
gave the name Lapaclio/wncf and composi- 
tion OigHj^Oa colourless crystals, in.i). ('d*5't\ 
It is optically active ; its picrato 

m.p. 145^0. ; on recrystallisation from alcohol i 
forms procKicts in which, the jiroportioii of 
picric acid is variable. 

"^From lapachoiione, by oxidation with 
nitric acid, they obtained jihthalic, acid, 
whilst by tfie action of phosphorus penta- 
chloride it was converted into dichlor-lajja- 
cJicmone (iellj40ii202 large colourless prisms, 
m.p. 108°(J., volatile with steam. 

Brominatioii of lapachonone, in c<:>ld 
acetic acid solution, yields hrom-lapaclionone 
OijHijOgBr colourless prisms, m.p. 120%^., 
together with small quantities of a hrom^ 
dihydroxy-compound ('ir>Hi504Br, yellow prisms, 
m.p. 140°0., which forms almost the whole 
product when lapachonone is brominated in 
' aqueous suspension. H yields a diacHyl- 
derivaiivc, yellow plates, m.p. 132\l, and a 
phenyBhydrazone, red crystalline crusts, which 
has no definite melting-point (Manuelli, Atti 
R. Accad. Ljncei. 1900 (v.), 9, ii. IU4). 

^ A. G P 

LAPIS-LAZUti (Ger. Ldsurstein ; Fr!* Outre- 
m^r). An opaque precious stone valued for 
its rich deep Iflue colc^ur. It takes a good 
polish, and is much u^ed for waiall ornaments 
and for inlaying. Formerly it was the only 
source of the then valuable figment* ultra- 
marine, which is now manufactured on a con- 
siderable scale, ft • <- 

Rather than being a simple mineral, it is a 
mixture of minerals, amongst which the members 
of the sodalite group predominate together < 
‘^^’with oalcite, pyroxene, amphibole, mica, scapo- 
lite, felspar, iron-pyrites, &c. The material 
is really an impregnation of various setfondary 
mineraiH in a crystalline limestone, and has been 
formed by the contact- metaraorphism of* ral- 


careBus rooks ^t their junction wilji gta^te. 
The minerals of the sodalite groop have been 
investigated by Brbgger and Bilckstrdin; and 
for the predominant olue constituent of lapis- 
lazuli they proposed the name lazvnte (^itsch. 
Kryst.#Min. 1890, 16, 231). This is a %dium 
aluminium silicate and sftlphido, and il essen- 
tially the same in composition as artificial 
ultramarine. Tbe formulse they give for the 
members of tlm sodalite group*are : 

Sodalite ]SIa4(Al(Jl)Alj(Si04)3 
Haiiynite (Na2,Ca)2(1^04*Al)Al2(Si0A8 
Noselitc Na4(NaS04-Al)Al2(Si04)s ^ 
Lazurite Na4(NaSg'Al^l2(Si04)3. A 
An analysis by Brogger and lilcksirom of 
lapis-lazuli froifl Central Asia gave : * ^ 

SiOj AI2O3 OaO NagO K'aCf SOg B Cl Total 
32 .')2 27-Gl 6 47 19 45 >0 28 10 46 2 7J 0‘47 99 4)7 


Here, as in all other analyses, sulphate and 
chloride are present in addition tol^ulphido, and, 
in ffe.ct, the haiiynito molecule actually predomi- 
nates in this case. 

Laz-urite is dcctimposod and decolorised by 
hydrochloric acid, 'vith the separation of 
gelatinous silica and evolution of hydrogen 
sulphide. It is occasionalJy found as deep-blue 
crystals with fiio form of the rhombic -dodeca- 
hedron ; sji.gr. 2'38-2*42 ; hardness 5^. 

I’lio best quality of lapis-lazuli comes from 
Badaksban in Afghanistan ; the mines here 
were visited by Marco I’olo in the year 1271. 
Another occurrence of inqiortanoe is at the 
westelrii end of Lake Baikal in Siberia ; here the 
material varies in colour from deep blue to light 
blue, violet', and green. Largo^ blocks of pale 
blue lapis-lazuli are also found in the Chilean 
Andes, and small crystals in the ejected lime- 
stone blocks of Mont^ Somma, Vesuvius, c 

J. S. 

LAPPACONITINE v. Aconitine. 

LARCH TURPENTINE Oleo-resins. 

LARD'' The term ‘ lard ’ ''was originally 
used to denote^ the fat rendered vfrom the leaf 
of the pig, i.e, the fat from the kidneys and the 
bowels. Hie increased consumption of Jard 
during the latter half of the last century (which 
has seen the rise of large American packing 
houses manufacturing lard on an enormous 
scale) has chiefly cr.itributed to the extension 
of the above definition of lard, so that at 
present ‘ lara ’ denotes the f^t from any and 
every paPt of the hog. 

Loaf lard is still being sold on a small scale 
as ‘ butcher’s Jard ’ and ‘ home-rendered iard,’ 
but the amount is insignificant in* comparison 
with the enormous quantities produced in the 
slaughter-houses of the United States and 
Canada. The term ‘ bladder lard,’ so named 
from the package, used to be leaf lard rendered 
in small establishments. At present this term 
Is still used to denote me best quality of home 
rendered, as also ofoAflaerican lard, of the 
quality (c) (v. infra). The commercial quality 
‘ keg lacd ’ contains, besides leaf lard, il'o fat 
taken from other parts of the animal. This 
extension of the term ‘ lard,’ viz. that it denotes 
the fat taken from any and every part of the 
hog, has beeL implicitly fitcknowledged by the 
Adulteration Laws of, the United States, accord- 
ing to which lard*is defined as the ‘ rendered fat 
from slaughtered, healthy hogs, free from 
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ran^ty and containing no more than l«p.o. 
of sShstances other than nog fat/ 

The production of, and trade in, lard at 
present may be considered as being completely , 
dominated by the processes and trade usages 
in vogjiR in the United States, especially.in the 
large packing houses af Chicago. 

The rules of the Chicago Board of Trade 
define the following brands of edible lard : 
(a) Neutral lard No. 1 ; (6) Neutral lard No. 2 
»(‘ Imitation neutral Ifird ’) ; Leaf lard; 
(d) Choice lard, ohfiipe kettle-rendered lard; 
(c) Ertme steam lard. I’hese brands will be 
^iescribed here in the order in which they are 
product in ||tie factorj^, so as to give, at the same 
time, a concise account of the ^nanufacturing 
jirolesses involved in, the production of edible 

• {a) Neutral* lard is^ireparod from the leaf, 
which is taken out of the animal immediately 
after it has been slaughtered, freed fi%m the 
llosh and skin, and chopped up in a fat-cut)ling 
machine into small lumps, which are thoroughly 
washed with iced water. Tho comminuted mass 
is then delivered into jacks^bed rendering vessels, 
in which it is heated up to a temperature of 
40®-60°. The lard so obtained is practically 
neutral, and is used almost exclusively in the 
manufacture of margarine (termed m America 
‘ oleomargarine ’). 

(&) Neutral lard No. 2 (‘Imitation neutral 
lard ’) is the fat taken from tho back, and 
rendered in a similar manner. 

As the Neutral lard No. 1 and NeutraS lard 
No.. 2 are not ‘ cooked’ (?.e. not rendered at a 
higher tcraperaj^ure than 50*^), thesS lards do 
not keep well, and cannot, therefore, be used, 
like ‘ loaf lard ’ and ‘ steam lard,’ for domestic 
purjv)8e8. 

(c) Leaf lard* (‘Flare lard,’ ‘Flair lard’). 

When ihe residue from (a) is subjected to 
steam heat un%er pressure jn a digester, tho 
leaf lard of cotimerce is obtained. .Formerly 
this was the ocily kind of lard reCognised by the 
Chicago Board of Trade, and was prepared from 
the wbol^ leaf, and thus embraced the three 
qualities described under (a), (6), and (c). 
This lard is not exported, but is consumed at ; 
home. Tho Adulteration Laws of the United 
States now define leaf lar4 as ‘ tho lard made | 
from the internal fat of the abdomen, excluding 
that adhering to%e intestines, an® having tho 
iodine number 60.’ • 

The portions of the leaf remaining after the 
rendering of Neutral lard No. 1, are put together 
i^ith the residues obtained in the preparation 
of Neutral lard, and ‘ rendered ’ by steam heat 
in open steam-jacketed kettles or in autoclaves 
(digesters). 

Thus {d) ‘ Choice lard ’ or ‘ Choice kfttle- 
rendered lard ’ is obtained. • The latter term is 
due to this fat being rentlered in steam- jacketed 
kettles, which i^presottt|he survival of the old- 
fashioned open kettles, in which butchers 
used^ render the lard over free fire. Such 
lard has the peculiar, pleasant flavour of fried 
fat, and therefore the name ‘ Kettle-rendered 
lardsi^has been retained, even after the rendering 
over free fire had given way to heading by means 
of steam. In large establishments the rendering 
is carried out under pressure Ni digesters. The 
regulations of the Chicago Board of I’rade 


define * Choice lard ’ as lard made from loaf and 
trimmings only, either steam or kettle render^. 
The manner o:^ rendering is branded on each 
tierce. Its flavour is much superior to that of 
Prime steam lard.’ 

(e) Prime steam lard, also termed ‘ Standard 
prime steam larj,’ is obtained from any trim- 
mings not used up in the production of lard (d), 
and all other parts of the hog thatewill yield 
lard, with the exception of tho liver, hmgH, the 
intestines proper, and that parlfof the heart 
which is free from fat. This quality is rendered 
in^ digesters in a similar manner to lard {d). 
Such rard is passed solely oA inspection, and as^ 
the inspector has no authority Wiich enables 
him to supervise rendering dfetablishments, in 
order to secure a proper control, we may take 
it that prime steam lard consists of the fat from 
any part ^ the hog, either from the wjpale 
animal, or from portions of it (head, foot, &c.). 

®’hc^ foregoing qualiries represent the com- 
mercial qualities of ediUe fat. 

I All those parts of the hog which have not 
been used for tho production of the above 
j qualities are worked up in autoclaves, in order 
j to obtain tho last portion of the fat they contain. 

' 'rho fat so recovered is termed ‘ Yellow grease.’ 
With this yellow grease are mixed all the refuse 
fats resulting in the course of rendering the 
edible q ualitics. ‘ Y ollow grease ’ is also obtained 
from the fat rendered from all the animals 
that have died in tho ‘ stock-yards.’ If in the 
working up of animals which have died in 
transit, tho intestines, &c., have been removed, 
a whiter quality of fat is obtained. This is 
sold as ‘ white ^’ease ’ for manufacturing 
purposes. A lower kind of grease than the 
‘ Yellow grefiRe ’ is ‘ Pig’s foot grease,’ a By- 
product obtained in the glue department 
rendering houses. I’his ‘ Pig’s •foot grease ’ 
finds an outlet in the m^ufaoture of low class 
lard oil and of soap. • 

The two qualities of ‘ Neutral lard ’ hardly 
reqwire refining. After the clear melted lard 
has settled in the jacketed vessel, it is run off 
into a receiving tank, in which the last traces of 
water and any fibres are precipitated by sprink- 
ling salt over the fat. In fact, this part of the 
manufacture is closely similar to the processes 
employed in the preparation of ‘Premier Jus.’ 
The settled lard is th^ immediately ready for 
use in the Manufacture of margarine — which is 
mostly produced in the same works, — o# is run 
into tierces for shipment. 

The next qualities of edible ^rd usually 
undergo a somewhat nv>ro compli^ted process 
j of refining, consisting in treatftig the melted fat 
[ in a refining vessel withi fuller’s earth, and 
I blowing it at the same* time with air. The fat 
is thereby also*deodorised. It is next pumped 
through a filter press, Mom whiqh the clear, 
bleached lard^ run over horizontal cylinders 
cooled by brine. The warm lard is thus quickly 
chilled on the oqpled siltfaceftf the lard cooler, 
and forms a continuous sheet of solidified fat. 
Before the cylinder dips again into the warm 
iJard on tfe other side, the solidified mass is 
removed by a s<tai)er (‘doctor’), and falls^ 
into a trough. In* this trough a rotating screw 
conveyer breaks up the sheet of fat and carries 
it forward into a mixer, in which the lard is 
agg^d by a mechanical arrangement. Here 
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LARD. 


‘ lard stearine ’ is added to ‘ stiffen * the lard, 
irf ease it be too soft. 

'i’he lard, stearin is obtained by subjecting 
cooled lard in hydraulic jircsses to a moderate 
pressure, wlien the softer portion — lard oil — 
exudes. The lard stearin cither serves in the 
manufacture of butter substitutes (margarine, 

‘ oleomargarine ’), or is used, described above, 
for ‘ stiffening ’ soft lard, fn this country, 
where the addition of beef fat for ‘ stiffening ’ 
lard is now forbidden, considerable quantities , 
of lard stearin are used. ' 

Leaf lard is tlic hardest ; the lards from the 
,back, frc., are softer. The consistence of the 
lard de|iends not only on the part of the animal 
from which it l/as been taken, Init also, and 
chiefly, on the food wdiich has been given to the ' 
animal. Hogs fed exclusively on acorns or on ' 

‘ tirikage ’ yield a harder lard thivi hogs fed , 
on maize. , 

Loaf lard has a granular texture, and a ! 
salve-liko eonsistenee, and should be of pure , 
white colour. '^Fhe lards wliich rejiresonl. , 
mixtures from all parts of the body, esjieeially 
those manufactured in large slaughter-houses, 
have no longer a crystalline texture, as the 
object of the last ojicration iu the mamifaeture 
is to destroy such texture and give to the 
product a smooth appearance. 

TIk' lard rendered from the loaf, as also 
from tlie back, has an agreeable taste. The 
lower qualities have an insijiid taste; this 
disapjiears, however, on standing. Some ,of 
the steam lards have an ‘animal flavour,' 
which may be judged by an inexpeiii'iieed person 
to indicate^ admixture with tallow or ‘ beef 
stearine.’ '.Phis flavour also'disajipears on stand- 
ing; or on warming. ' «' 

"■'JuuAiard consists of the glycerides of lanric, 
niyristic, palvnitic, stearic, and oleic ueids, and 
small quantities of Ijfiolic acid (and jierhaps 
also of linolonii, acid). The jirojiortion of | 
stearic acid determined in a number of com- , 
rnercial lards, varied from (I to 24*91 ]>.e. «, j 

The analytical dilferonces betw(*en lards from j 
different parts of the hog are best expressed by i 
their iodine values. Since important differences 
exist between North American and Kuropcan 
lards, chiefly and almost solely owing to the mode 
of fattening, it is imjiortant to note that Ameri- 
can lards have coiisicjprably higher iodine 
values than lards obtained in Europe. T'lie 
iodiiio *\'alues of the latter range, as a rule, 
between 40 and 00 'Phe iodine vabic of 
American lty:d reaches, however, higher figures 
than 00, and may even ;#xcccd 70. 

Lard (like buUer and olive oil) used to be 
adulterated on thci' largest scale. Beei fat, 
beef stearin, cotton soedtoil, cotton seed stearin, 
and other vegetable oi^, amongpt which auring 
the last few .years coconut oil and palm kernel 
oil jircdominate, are the adulterant's most 
frequently employed. Sucli aamixture.s liad 
been for a long i’me an opei?ly acknowledged 
practice in the United States of America, and 
such expressions as. ‘ refined lard,’ ‘ compound 
lard,’ and ‘ lard compound ’ Wert used to,. 
‘* designate a mixture of lardowith vegetable oil, 
chielly oott^m seed oil, and ootton seed stearin. 
At present, however, the restrictions imposed by 
law have become much more stringent, and 
lard exported from the United states ni\^cr 


official supervision, may be accepted as giic^an- 
teed pure, that is, free from admixture with 
another animal or with a vegetable fat. 

The detection of adulterants in lard plays 
a most important part in the practice of the 
public, analyst. It is impossible here tc^^follow 
the various practices of the adultert’tors of 
lard and follow up such adulterations through 
their several stages. 'J’he reader must, there- 
fore, be referred to Lewkciwitsch, (Ihemical 
Technology. 'It may, however, be pointed out* 
that the chief characteriadilos which the analyst 
must determine are : specific gravity, mefiting- 
point, iodine value of the fat, iodine valve of the? 
liquid fatty acids, and aifioiint of ii^sajlbnifiable 
matter. The jroportion of the latter is impor- 
tant, inasmuch as adinixturo of paraffin wax 
with lard (which had, been praclisccl to a con- 
sideralilc extent in form*:r years^ and liad then 
been abandoned) ajipears to liavo been resumed 
during *Hic last few years. Modrt’ii methods of 
cht4nicai analysis have rendered the deteidion 
of vegetable oils and fats added fraudulently to 
lard, a somewhat easy process, as the phytosteryl 
acetate test permits»stho detetTion of even as 
little as 1 p.c. of admixed vegetable oil or fat, 
and the emleavours of the adulterator to 
circumvent this test by the addition of a very 
small quantity of soft paraffin wax }:avo been 
frustrated by more refined methods of chemical 
analysis. The detection of coconut oil and palm 
kernel oil is rendered (in addition to the phyto- 
steryi acetate test) somewhat easy by the 
(lolorlnination of the volatile fatty acids. In 
this connection, howo^xT, a note of w'arning must 
be soundcA, as it has been showniliat hogs fed on 
copra (as is <lone in the riiilipjiiiio Islands) 
furnish a lard which exhibits the characteristics 
of lard adulterated with coconut or paln\ nut 
oil (the coconut oil having bech pushed forward 
into the body fal., much as foedmg ciws with 
oil cake leads to.Tl'ti pushing ‘jorward of the 
vegetable, oil into llh) milk fat)-. Detection of 
added beef fat or beef stearin tt lard is more 
difficult, and the (formerly relied upon) Belfield 
test, which was supposed to rest on the detec- 
tion of (beef) stearin, has been shown to 
be entirely nugatory. 4Tie so-called Stock- 
Belfield test, which aimed at a quantitative 
determination of added ‘ beef stearin,’ has been 
shown to bo bitterly -fallacious, inasmuch as the 
crystals, on*>ohe isolation of \^uieh reliance was 
placed, w-re given by the lard stearin itself. 
A method proposed by Polenske, viz. to deter- 
mine the so-called ‘ difference ’ between solidify- 
ing- and melting-points has been shown to bq 
untrustworthy, 

A method which has given better results is 
that based by Bbmer (^eitsch. Nahr. Geniissm. 
1913^26, 559 ; 1914, 27, 153) upon the facts that 
the distindoive gl3^peride tfif lard, a palmito- 
distoarin, shows a difference of 6*2° between its 
m.p. and that of its sopi^jated fatty acids, whereas 
in the case of )3- palm ito- distearin, the distinctive 
glycondc of beef and mutton fats, the diSEofenco 
is only 0*1 In the case of lards melting between 
Gl“ and 66° the m.]). of the glycerides added to 
twice the difference between the m.p. of the 
glycerides arn'i their fatty acids should not be 
less than 71°. In the case of lards melting 
between 00° and 61** a difference of less than 
6° between the m.p. of glycerides and fatty acids 
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indfraics tho ])re8oiice of hoof or luutton fat 
or ‘ hardened ’ oils, wliilst for lards melting 
between 05“^ and bS^r)" a difference of less than 
.3" is indi(!ative of adulteration. Tho value of 
this l^t has been confirmed by Sprin^imeyer 
and Difdrichs (Zeit8(*h. Nahr. (ieimssm. 1914, 

27, 571), who find that it is capable of dctceting 
5 p.c. of beef or mutton fat or hydrogenated oils ; 
in lard. • I 
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name, from the Latin lalvr, a brick, was intjjp- 
duced by F. Buchanan (Journey from Madras, 
1807), on aceoflnt of the extensive use of tho 
material in India as a building stone. When 
freshly quarried it is .quite soft and easily 
trimmed into biick-shaiK‘d blocks, which harden 
on exposure. ?l^he material forms surface 
accumulations, up to 30 or 40 feet in.tlnckness, 
covering rocks of all kinds, particularly igneous 


» By crystallising th(‘ fat from acetone and i rocks (granite, syenite, basalt, &cf) and gneisses, 
(^ter mining the in. p.*< 4 f tho fraction it IS possible ' and extending over wide areas in all tropical 
to ajeertain which of tho spccilic glycerides | regions. ’Whilst in temperate regions aluminous 
•predominates, Vitoux and Muttelet (Atm. Falsi- | siheaff> rocks yield on weathering kaolinito 
ficat. if^iO, 13, 503), aiHl Bbmer’s method is then | and clay products, in tropical regions the silica^^ 
i fraction to obtain quantitative ' ‘ ^ ^ ^ A .i .i 


applied •to 

restlts {Id., Ann. ('hi^n. anal. 1921, 3, 208). 

A considerable amount of lard is consumed 
in,the raanufa^iture of Jard substitutes. 

Laki> SunsTiTUTKS consist chielly of a 
mixture of krd, or lard stearin with ‘ beef 
stearin’ (‘ oleostearin ’), cotton seed stewin, 
cotton seed oil, maize oil, araehis oil, sesame oil, 
coconut oil, and palm kernel oil. In the 


(of the silicates) is removed kigethcr with the 
alkalis, lime, and magnesia, leaving behind quartz 
and hydroxides of iron and aluminium. 3’he 
most abundant aluminium compound is gibteite 
(Al3>.y311oU), sometimes in a minutely cry*al- 
liiK# condition, but more usually in rtie colloidal 
form (*kliachite’ or ‘fporogelite ’) ; diaspore 
(AloO^^-H ._.()) is alfo sometimes present. The 
iron compounds, including mainly limonito 
infancy of this industry t||ese artificial products , togi'ther with turgito and goethite, are also 
were sold under such names as ‘refined lard,’ i principally in the colloidal form. Hydrated 
‘ commercial lard.’ Other products (c.i/. ‘ lard : aluminium .silicates, kaolinite and halloysite, 
compound ’) contained no lard whatever, being ; and the manganese oxides, psilomelane and wad, 
judiciously prepared mixtures of beef stearin ' are also at times present. The alumina present 
and cotton seed oil. At present, however, most as gibbsitc is soluble in hydrochloric acid, whilst 
lard substitutes projier contain some lard, or ' that in the clay minerals is insoluble. Being 
at least ‘lard stearin,’ as a basis, whilst others ! mixtures of all these minerals in varying pro- 
contain a vegetable oil ‘hardened’ to the j p<^’tions the conqiosition of laterito consequently 
required extent by hydrogenation. The manu- j varies between wide limits, as illustrated by tho 
facturo consists simjily in mixing the Various ; following ana]y.scs 

fats, in the niejtcd state, and oils it a mixing | 1, laterite overlying ncpheline-syenito (also 

machine, and cooling the mixture rayiidly by j Ko(), 0*27, Ka„(), 0‘?7 p.e.) ^ 11, ditto, overlying 
running it over cooling eylindcr.s, so as to I diabase : JH,*ditto, overlying peridoti to ; I-Wl, 
destroy any tendency to erystallisation. ! from French (Juinea (A. Lacroix, Los lat^^es, 

in order to tiqiart to the finished mixture I de la (luinec, Nouv. Arcli. Mus. yaris, 191^ 5, 
a pure 4vhite colour, it is usual to stir air into ' 2.55). IV and V, the extreme values shown m 
the fat until ittvcqiiires a salj'e-like consistenee. twenty-two analyses of rfidiar^laterites (H. and 
'J’ho stirring with air must not, however, bo : F J. Wartli, (fool. Mag. 1903, 154). 
carried too fag, as otherwise thedard substitute | 
not only becomes more liable to rancidity, but j 
easily acquires a foamy consistence. j". L. 

LARIJ^RELLITE {Ammonium horatr). A 
mineral found in tho lagoons of Tuscany. It 
occurs in small crystalline rhomboidal plates. 

B2^>3 • 7200 

(NH^).^ <)iH3 

H 2 O . . . 18*1 


18*1 

100-00 


(D’AehiardiyiChem. .Soc. Abstr. 1900, ii. 600). 

LASERPITIN, C'laH ogO „ is a bitter principle, 
obtained by Fcldmann (Annalen, 1865, 135, 
236), by extraction of white gentian root 
{Lafierpitmm latijolium L.) with light petroliinm ; 
yield 1*5 p.c. Crystals, m.n. 118“. t\lkalis and 
acids hydrolyse it to ailgclTc acid and resinous 
lateral I v. als(j*Kulz.(Arch. I’harm. 1883, 221, 
1«1). * CL B. 

LA^RSTEIN V . Lapis-lazuu and Pia- 
mentsT • 

LATERITE. 


I 


SiO„ 

TiO, 

AlgO, 

FooOj 

Cat) 

MgO 

ll„0 

Quartz 


I. 

11. 

III. 

JV. 

(max ) 

V. 

(mlu.) 

2*21 

1-30 

12-67 

23-32 

0-37 

0*12 

1-03 

0-.55 

6-61 

0-01 

55*83 

60*19 

12.59 

07-88 

6-67 

5*22 

3*91 

46-84 

56-01 

4-00 

0*24 

0*17 

0-04 

0-52 

— 

0*19 

32 *(50 

1-26 

0-20 



•30*47 

16-32 

28-10 

7-73 

5*74 

1-40 

10-73 

39-53 


100*76 100-00 100-00 




Be^-tdes being used ift a budding stone, slabs 
of laterite arc used in 1 ndi^ fur the construction 
of irrigation works. Tjjie material grades on the 
one hand into ^ure bauxite, and on tho other 
into concretionary iroi# ores and manganese 
ores, which sometimes occur Jls workable 
deposit?. A ^’alearcous variety, containing 
nodules of calcium carboiiatj^ is used for the 
manufacture of liydrauTic cement and mortar, 
and the clayey varieties for making tiles. 

Ill addition to the references quoted under 


C residual product of rock L ^ 

weathering, met with in tropical regions, con- | the analyses, sec L*L. Fermor, Geol. Mag. 1911* 


sisting mainly of hycjyoxides of ferric iron and 
aluminium with intermixed sandy and clayey 
material. It is reddish- btowr* with a mottled 
and streaky distribution of colour, and has a 
concretionary and cavernous structure. The 


, aec u*xj. 

and 1915; J. B. Harrison, Geol. Mag. 1940 
T. H. Holland, Geol. Mag., 1903 ; H.^Arsandaux, 
Bull. Soc. fran^. Min. 1918, 36 ; G. C. Du Bois, 
Mill. Petr. Mitt, 1903, 22; J. M. Campbell, 
Mining Mag. 1917, 17. L. S. 



38 LAUDANINE, LAUDANIDINE, LAUDANOSINE. 

«■ LAUDA!(I!iE, LAUDANIDINE, LAUDA- from the berries of the laurel tree, Laurus 
NOSINE V . Opium. nobilis (Linn.), either by pressing the pounded 

LAUD ANON. A mixture of opium alka. berries or by boiling them with water. The 
loids. • berries contain from 24 to 30 p.c. of fat. Laurel 

LAUDANUM. L audanuin i.s understood in oil has,a green colour ; at the ordinary tiftipera- 
this country at the present day to be the simplest ture it has a buttery coniistence ; its tUste and 
liquid preparation of opium av/ilabie for medical aromatic odour are characteristic, 
purposes.# The word is an old one, and has Laurel oil is completely soluble in boiling 
unefergone considerable change of meaning, but alcohol ; on cooling, crystals*of trilaurin sepa- 
ita precise ori^n has never been ascertained with rate. Judging from its high iodine value, viz.f 
certainty. 66 to 96, laurel oil musit* contain considerable ^ 

According to some authorities, the term is quantities of olein and perhaps also ol» less 
borrowed from laMmmrn. or lnd(mum, afi oleo* saturated glycerides. From the characteristjcf 
^ resin of Greek origin, which is collected from numbers which laurel oi^ gives oii^nal^sis, the 
various species Oleo -EES iNS) ; while conclusion mwd bo drawn that the proportion 

others derive the word from the Latin of laurin cannot be very ^gh. The presendb of 

praise, which is 8 upj)osed to indicate the high laurin is, however, definitively proved by the 
esteem in which the medicine has g,lways been fact that on distilling laurel oil in^'aevd, trilaurin 
held. In q discussion of this question (Pharm. J. is obtained in the distillate. In the unsaponifi- 
[iii.] 17, 404, 424, 503, ^4, 644), it is poipteckout able matter of laurel oil, Matthes and Sander 
by Eagle that according to Mathiolus ((iomment. ideftitifiod melissyl alcohol (myricyl alcohol), 
Dioscoridis Mat. Med. Lugtiuni, 1563) certain phytostcrol, and laurane, GgoUds* 

Italians applied the term laudanum to labdanum, A specimen of tlie pure oil examined by Fabris 

and thus Littr^ and Kobin (T)ict. M<5d. Paris, ' and Settimj gave thri^ following values : sp.gr. 
1877) and others give the Italian equivalents of 0'953 ; m.p. 32®-33° ; Keichert-Mcissl value, 
the two words as synonymous. This statement 1 6*4 ; and iodine value, 90*4. The discrepancies 
of Mathiolus would appear to have been the in the published values are attributable to the 
source of the view that laudanum is derived from crude oil containing variable proportions of a 
labdanum which has been adopted by several volatile oil. Laurel oil gives a coloration similar 
lexicographers and writers on materia medica. to that given by cotton seed oil in the Paudouin 
Hooper (Lex. Med. London, 1848) and Lunglison ! test. 

(Diet. Med. Sc. Philadclpliia, 1868) are, however, | Juaurel oil is only used in veterinary practice, 
on the side of the laws' derivation, and the It is'^statcd to be adulterated with other fats 
remarks of such writers as Orollius (Basilica j (lard), ’coloured green with copper salts. 

Ohymica, .Francofurti, 1011), Bruno (Lex. | * ^ J. L. 

Gastello- Bnin. Norimberghj, 1688), Lenicry LAUREL WAX. Hyrlle 6 crry w'aT(r. Waxes). 

(Fharin. Universclle, 1716), and*«ihera arc so | LAURIC ACID C ioTr 24 0 2 is present in many 

■^ ■ dag jdedly in its favour that the weiglit of j vegetable fats, notably in coconut oil, laurel oil, 
evidence at present appears to be with this dika fat, and tangkallak fat. ♦It crystallises in 
hypothesis. ^ j needles melting at 43*5'^’, boils at 17<«»" under 

But be this ao it may, the term ‘laudanum’ i 15 inm. pre 6 suro„.arid at 226® \inder 100 mm. 
was applied in the 17th century to indicate I pressure, , but cannot be distiliotk without decom- 


solid or semi-solid mixtures which generally, 
though not always, contained opium {rf. Lond. 
Dispensatory, 1678). These were gradually re- 
placed by liquid preparations, of which the most 
celebrated was that of the physician Sydenham, 
1644-1689, whose life was written by Dr. John- 
son. This was the Laudanum liqmdum tiijden- 
hami of the London Pharmacopoeia of 1720, and 
was represented by the vinum opii o^'latcr medi- 
cine. flA tinclura opii of simpler comiiosition 
has, however, long taken the lead among galeni- 
cal preparations of opium. I’his is a liquid 
extract madfe with dilutf spirit, and represents in 
all important rcsjiects the physiological hetivity 
of the crude drug. <To this tincture the term 
‘ laudanum ’ was applied, both in this country 
and in the United States, notronly by writers 
such as Pereira (Matr Med. 1863, 2136) and 
StU16 and Maisch (Nat. Disp^satory, 1886, 
1637), but more especially in wie practice of 
pharmacy. I n ao^iordaiice with the international 
a^eoment of 1906, the British Pharmacopoeia 
ot 1914 prescribes that tinclura opii must contain 
in 100 c.c. 1 gram of anhydrous* morphine.c 
^ Limit of error ±0*05 gram.'' The solvent in the 
finished pi^eparation is 45 <^jp.c. alcohol. The 
U.S.P. of 1916 has adopted tfie same Umits (r/. 
Opium). G. B. 

LAUREL CAMPHOR Oamfhob. « c 

LAUREL OIL. Baprberry oil, is obtained 


position at atmospheric pressure. Sp.gr. at 
2074 ®, 0‘883; w^-l*42616. It is slightly 

soluble in hot water, and can be sloW^y distilled 
in a current of steam, so that it occupies an 
intermediate position between the volatile and 
non-volatile acids. The laurates of alkali 
metals require muefTmoro salt to separate them 
from their ^‘‘iqueous solution^, than the alkali 
salts of higher fatty acids. For example, 
sodium stearate can be ‘ salted ’ put by the 
addition of 6 p.e. of sodium chloride, whereas 
sodium laurate rei^uires 17 p.c. Fqr this ffeason 
fats containing a considerable proportion of 
lauric acid are used in the manufacture of soaps 
intended for use with sea water. The salts of 
the , heavier metals are only sparingly soluble 
in water, hut are more soluble in alcohol. The 
methyl ester of laurfe acid mfelts at 6 ® and boils at 
141® under 16 mm. pressure, whilst the ethyl ester 
boils at 269® at the ordinary pressure. The trigly- 
ceride, trilaurin CaHB( 0 *CiaH 230)3 crystallises 
in needles (m.p. 46*4®), and has sp.gr. at*hJC®/4®, 
0*8687; w®pO-l*44039. It is readily soluble 
in ether, but only slightly soluble in opld alcohol. 

^ ^ 0. A. M. 


LAURIN V , Laubps nobilis (Linn.). 
LAURITE. Sulphide of ruthenium Rug-, 
crystallised in the cubic system, probably witn 
parallel hemihedrism and isomorphous with 
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pyiites. The crystals are octahedral in habit ci/clo-pentene (c/. Eykman, Chem. Weekblad» 
with a perfect octahedral cleavage, a dark iron- 1907, 4, 191 ; Bredt, J. pr. Chem. 1911, '[ii.] S3, 
♦black colour, and bright metalSc lustre. The 400. 

material is very brittle, H 7-8, sp.gr. 6*99. The wo-Laurolene, i!^‘l\l:24n7netliyl-c\jclo-iimknc 

only analysis of the natural mineral gave*' C(CH3)2 C-CHg 

S 31-\ Ru 66-18, Os [3-03]=100 p.c. (F. Wohler, 

1869),* this approximates to the formula 
(Ru,Os)aS8, but artificially produced crystals 
agree closely with RuSj in composition. Before 
the blowpipe it* decrepitates, gives first sul- 
phurous and then Mmic fumes, and is fusible, 
ft is not attacked •by aqua regia or fused 
hydrbgen potassium sulphate, but is decom- 
posed ^by fused potassium hydroxide and 
nitrate. Its is of rare occurrence as minute 
ootaheAa and grains mixed \\#th fine-grained 
platinum from the platinum washings at 
rontijn in the Tanah-Laut district in Borneo ; 
abd has also* been reported as occurring with 
platinum in Oregon. J* S. 

LAUROLENE and I^SO-LAUROLENB, hydro- 
carbons of the formula C8Hi4, first obtaintfl by 
the distniation of various camphor acids or 
their salts. {8c.c Wreden, Annalen, 18/7, 187, 

171 ; Reyher, Inaug-DisiSjrt. Leipzig, 1891, 61 ; 

Asohan, Annalen, 1 896, 290, 185 ; Noyes. Amer. 

Ohem. J, 1895, 17, 432 ; Koenigs and Meyer, 

Ber. 1894, 27, 3470; Damsky, Ber. 1887 , 20, 

2959 ; Moitessier, J. 1866 ; Walker and Hender- 
son, Chem. Soc. Trans. 1896, 753.) 

Laurolene, a'-1 : 2 : d-trirnethyl-cyclo-pcnknct 
CH(0H3) C-CHa 

( 11 (Eijkmann, Chem. Zeiitr. 

OHa-CH.-C'CHa 

1907, ii. 1208). ^ 1 

Preparation. — (1) By slowly di^illing cam- 
phanio acid in an atmosphere of CO2 (Aschan, 
l,c.) i (2) by heating sulphocamphylio acid at 
170°-180® with aqueous H3PO4 (Koenigs and 
Moyer, l.c.) ; (3) by treating araino-lauronic 
acid \i^th HNOj (K. and M.). Synthesised from 
aS-dimethyladipic acid vicn 1:2: 3-trimethyl- 
c//cZo-pentanol*(Noyea and Kyriakid/iP, J. Amer. 

Chem. Soc. 1910, 32, 1064). 

Properties. — Colourless liquid ; b.p. 120®- 
122®; 8».gr. 0 8097 at 4®/4®, 0 8048 at 10®/10®, 

0-8010 at 16®/16®, 0-7974 at 20®/20®, 0-7939 at 
25®/25® ; mol. mag. rot. 8-987 ; mol. refraction 
61;114 (Crossley and Renouf, Chem. Soc. Trans. 

19*06, 26) ; has a sweet JWour resomblmg cam- 
phor and turpentine. Rotation •very irregular, 
varies from 0® to +23® and — 2w®, Combines 
with 2 mols. Br in chloroform solution ; oxi- 
dised by HNOs to oxalic acid (Crossley and 
Reflouf) ; oxidised by dilute alkaline KM11O4 
• to a diko?one, b.p. 204® at 750 mra. (corr.), 
which yields a disemicarbazone, m.p. 194® 

(corr.) (Noyes and Derick, J. Amer. Chem Soc. 

1909, 148, 1609; Noyes and Kyriakide^ ibid. 

^ 1910, 32, 1064 ; Noyes, ibid. 19^), 32,*1068 ; 

1910, 32, 1061). Witl^futiing HI on the water- 
bath yields Murolene hydri^ide, a greenish- 
brown, unstable liqtikk which, heated with zinc 
dust in 90 p.c. alcohol, 3deld3 dihydrolaurolenet 
1 i4i^-triraethyl-cyckj-pentane, as a colourless 
liquid, b.p. lll-6°-114® at 760 mm. ; unacted 
on by Br or KMn04. It has sp gr. 0*7718 a* 

4®/4® ; 0-7670 at 10®/10® ; 0-7633 at 15®/15® ; 

0-7596 at 20®/20® ; 0-7607 at 26®f26® ; mol. mag. 
rot. 8-332 ; mol. refraction 61-138. 

For its synthesis v. Noyes and Kyriakides 
l.c. It has the structure a '-1 ; 2 : 3- trimethyl* 


CH2--CH2-CH 

(Blanc, Bull. Sod! chim. 1898, 19, 699 ; Conipt. 
rend, 1906, 142, 1084). Formed Ijy dry dis- 
tillation of campholytio acid, fli*lph<.)caraphylic; 
acid, t«o-campholytic apid, &c. (Walker and 
Henderson, Chem. Soc. Trans. 1896, 763). Pre- 
pared from *50-lauranolio acid by heating in 
sealed tubes for 4 hours at 300® (Blanc, Bul4 ^ 
Soc. chim. 1898, 19, 699) ; oifcby distilling with 
1| times its weight of pure anthracene (Crossley 
and Renouf, Chem. Soc. Trans. 1906, 41). 
Blanc synthesised it from aa-dimethyladipic 
acid via di^ethyl-cycZo-pentanone (Compt. ^nd. 
14^, 1084). • , 

Itds a colourless, Mobile liquid, with sweet 
camnhoraceoua odour ; b.p. 108®-108*2® at 
742 ^mm. ; sp.gr. 0-7963 at 4®/4® ; 0*7907 at 
10®/10®; 0*7867 at 15®/15°; 0*7830 at 20®/20® ; 
0-7795 at 25®/25® ; mol. mag. rot. 8-749 ; mol. 
refraction 60-666 (Crossley and Renouf). Oxi- # 
dised by HNO3 to oxalic acid ; oxidised by 
dilute KMn04 to dimethyl hexaiionoic acid. 

C0(0H8)C(CH8)2CH2CH2-C00H. 
with HgCla solution gives a sticky amorphous 
precipitate. Combines with 2 atoms Br, forming 
3-dibromo-l : 1 : 3-trimothyl * cyclo - pentane, 
m.p. 80®-85®. Heated at 126® with fuming HI 
' yields the hydriodidc^ which, on reduction with 
zino-dust in 90 p.c. alcohol, yields dihydro-mo- 
laitrohne (1:1: 2-mmethyl-cyc?o-pentane). 

Diliydr<f f50-laurolene can also be obtaded 
by heating tso-laurolene with HI at 200® or^-’^S 
cone. H2S()4 (Zelinsky and Lepcachkin, J. Russ. 
Pbys. Chem, Soc. 1901,^3, 649; also 1899, 31, 
407). It is a colourless liquid, having a sweet 
camphoraceous odour, b.p. 113®-113‘5® at 
7i0 mm. ; sp.gr. 0*7847 at 4®/4® ; 0*7800 at 
10®/10® ; 0*7762 at 16®/15® ; 0*7727 at 20®/20® ; 
0-7694 at 26® /26® ; mol mag. rot 8*249 ; mol. 
refraction 01-078 (Crossley and Renouf) ; Blanc, 
Bull. Soc. chim. 1909, [iv.] 5, 24 ; Kondakoff and 
Schindelmeiser, J. Russ. Phys. Chem. Soc. 1911 
43, 992. 

LAUROTETANINE CioHjaOgN occurs in the, 
bark of jjitsea citrcua (Blume), and in many 
East Indian lauraceous plants (Greshfiff, Ber. 
1890, 23, 2646). It crystallises in needles, m.p. 
134®, gives crystalline salts, ^haves as a 
secondary amine, oor^ains three -OMe groups, 
and ;frobably one hydroxyl |roup. It exerts a 
tetanising action in frogs, but is less powerful than 
strychnine (Filippo, Arch Pharm. 1898,230,601). 

LAURUS •NOBILIS (Linn.). Bay, Sweet 
Bay {Lauricr commun, Fr. ; Ixyrb^er, Ger.), 

Tko clasido or noble laurel or bay tree is in- 
digenous to the Levant and is found all along 
the shores of tl^ Medilerran»an. The leaves are 
used as a flavomring agent, and both the leaves 
and fruit wore formerly employed in medicine. 

The ^ruit, or so-called bay berries, was 
analysed by Bontstre (J. Pharm. Chim. [ii.] 19,* 
30) and by Grosourdi (J. 1861, §62). Besides 
common constituents, bay berries contain solid 
and liquid fat, volatile oil, and a peotdiar camphor. 
t 'From the fat, Marsson (Annalen, 41, 330) 
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isolated lauric acid C12H24O2. It was subae- 
q gently found m numerous other fats (c/. 
Heintz, J. pr. (!hett). li.| 6(5 1). Glycerin 

trilaurate or irilaurin is 

associated in ilie fat with the glycerides of* 
oleic, Imoleic. iialmitie, iiiyristic, and stearic acids 
(Staub, Nat. Disp. 1886, 874). 

The analytical constants ^Tf the cxj>ressed 
oil after ^fcing Ireod from the volatile oil are 
given by Matthes and Sander (Arch Pliarm. 
1008, 24(), who have also investigated the 
resinous unsaponiliablo matter which is present 
in the tatty oil. 'I'liis was found to contain 
myrieyl alcobol ; ])hi/{nsicrol G27W44l^>Il20, 
^colourless noddies, m.]). 132‘-i;h‘P*^; a hydro- 
carbon, Invnrnc Ck2oll4.2, which crystallises from 
alcohol in slender nei'dles, melting at 60“ ; and 
an aromatic unsaturated oily substance. 

^lonastvc (J. Phurin. (Oinn. jii.J 1/), 116; 11, 
3) was the lirst to distd a volatile oil from bay 
berries; yibld 1 ]).e, Jt has been studied *by 
Porckc (Arch. Pharm. fn ] 17, 177); Braudes 
{ibid. |iij, 22, KiO) ; Bley 1;'Kep Jdiarm. 48, 
06); Cdadstoiie (('hem Hoc. Trans. 17, 3; 
2r>, 1); Bias (Annalen, 134, 1); Wallaeh (ibid. 
252, 04) ; and Bruhl and Muller (Ber. 25, 547). 
The sjieemien examined by the last -mentioned 
investigators distilled between 175'^’ and 275“ 
under ordinary jiiessiin* and left a viscid lesidue. 
O'he distillate contained laune acid, and after 
treatment with jiotasli and digestion woth 
sodium, yielded a liquid, b.p 167'-171“. 3'his 
liquid was found to consist of cineol, piiieiiK, 
and other hydrocarbons, and is probably the 
substance described as laurene by the earlier 
observers. 'I'ho crude oil also' contains largo 
[jroportions of alcoholic or ketonic compounds 
whim'll, like menthol or camphor, («.j(5ubiiie with 
the salts so formed being decomposed 
by w'ater. , 

Bay canijihor or huiriti CVjH 30^:1 was iso- 
lated by Boiiastre l^iarin. (’liim. [ii.J 10, 32) 
and further investigated by Beilis (.1. jir. Clhem. 
fi], 68, 434) and Marsson (Annalen, 41, 329). T’iic 
yield is about 1 p.e. It consists of prismatic 
crystals ivithout taste or smell. It is insoluble 
in water, but soluble in alcohol and ether, and is 
chemically neutral and indifferent. 

The leaves of Laiirus 7iohilis also contain a 
volatile oil, 1) 0'9215— 0‘9361 ; aj;-15'95“; yield 
^2-4 p c. Examineil by Tli^ims and Molle (Arch. 
Pharm. 1901, 242, 161), free acetic, /.wbutyrie, 
and {im |) valeric acids were found to be present, 
also about 1'7 ji.c. of free eugeiiol and about 
0-4 p.e. of eupnolic esters. 'Phe acid obtained 
by hydrolysii^ the oil liv alcoliolic potassium 
hydroxide consisted nuiimy of acetic acid'; the 
other volatile acids « present were probably 
valeric and hexoie. A moiiobasic acid Gj gH , 
m.p. 146®-! 47“, was also obtaiiwid. On frac- 
tionating the oil, after ttie removal of the free 
acids, phenols, and esters, cincol was oblt^itied. 
'J’he yield of cineol was equal to 60 p.e, of the 
original oil. From fractions between 212® and 
23(P, geraniol was isolated. The fractions of a 
still higher boilmg-ppint contain oxygenated 
compounds, probably a sesquiterpene alcobol 
•associated with a sesquiterptfae. These frac- 
tions, and also the original oil, « give an intense 
blue coloration when dissolved in glacial ftcetic 
acid and bromine vapour is blown over the 
surface of the solution. * , 
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The volatile oil of the loaves of the aMied 
Californian laurel, Umbdlnluna calijornica 
(Nutt.), contains the following substances iiT 
approximately the percentages given : eugenol, 
P7 ; I pineue, b'O ; oinool, 20*0 ; umbelbilone, 
60-0 ; siafrole, a very small proportion ; ^genol 
methyl ether, 10 B ; and *trace3 of fatty acids. 
Ihnbcllulom CinHi,,0 is a colourless oil, 
boiling at 2in®-f20“ (749 mm.), [a]j,-37°, and 
has an odour ^mewhat resomWig mint. It is , 
a ketone; for constituticvi and jiroperties v. 
Somiiiler, Ber. 1908, 41, 5988 ; cj. also TTtin, 
Chom. 80c. Trans. 1908, 93, 262. 

'Phe volatile oils obtuiiy'’d from Lavrim nohdt.s 
must not be confused with others befiring similar 
names, such as*^eommeroial bay oil or baybofry 
leaf oil {Oleum Fnnentac, TJ.S.lk) distilled from 
the leaves of the West Injlian ireQ^Pimenfa uvris 
(Kostcl.), which is the flavouring* agent in t lie 
toilet jirejia ration known as bay turn (Markoe, 
Pharm . ,). | ni], 8, 1005 ; Kuse, ibid, fiii], 13, 39) ; 
lauiM oil of Guiana, natural oil of laurel, or 
oentea oil, derived from a tree of (Spanish ^'diiaua 
((Siciihouse, (!hein. iSoe. Mem. 1, 43 ; 2, 121) ; or 
oil of common or chofry laurel, J^riunis Lanro- 
nrasus (Jmin.) which is similar to volatile oil of 
bitter almonds. (J. B. 

LAUTARITE. t'aleium iodate ('a(l03)M, 
crystallised 111 the monocliiiic system. The largo 
(up to 20 glams), colourless or yellowish crj'stals 
are prismatic in habit and usually arranged in 
ladiating groups. 8i).gr. 4’59 ; slightly soluble 
in wa|er ; soluble in In droehloric acid with 
evoluticvi of cblormo, 'Pbc miiUTal is found in 
the Chilcui^ nitrate de])osi(s, especially at the 
Jjaufaro works near Tallal, wla-re it is often 
embedded in bands of gypsum, (Since fheso 
dejiosits are the priiieipuJ source of iodine, it is 
jirobable that the minerals lautaii’Xe and diot/Tilo 
{(/.v.) are there widely disseminated. C.rystals 
of calcium iodate havi^ been oblaii.ed artificially 
from fusion in sodiulii nitrate. L. J. 8. 

LAUTIFS VIOLET v . Amines ; Methylene 

BLUE. 

LAVA. A name of Italian origin applied 
not only to the molten material pourefl out on 
the earth’s surface by volcanoes, but also to the 
same material after its solidification as a volcanic 
rock. 4’lic petrohigicd term rmgma is applied to 
the molten material itself, whether erupted at the 
earth s surfa(^''or not, and from' which igneous 
rocks of ^wliatevcr kind have consolidated, 
including *ihe dec])-scatod plutonic rocks {c.g. 
granite) as well as the surface lavas or volcanic 
rocks. 8ueh material consists in r all eases 
mainly of silicates, but with a wide range in 
composition — from ‘acid’ to ‘basic.' The 
silica percentage may vary between 80 and 40, 
the b^ilanco consisting mainly of oxides of 
aluminium, jfon, calcium, magnesium, potas- 
sium, and sodium, tdgetdicr Vitb some water. 

In the most acid types (e.gi. rhyoli(*vc) the excess 
of silica over that requil^sd^to form silicates is 
present as quartz,^ whilst in the most^asio 
types {e.y. limburgite) the excess of Mses 
separate out as magnetite and ilnionite, or less 
<5ften as corundum and spinel. As examples of 
tho extremes in composi^on of lavas, the 
following analj^es (by J. H Player) may be 

^ Except, of course, in the case of wholly glassy 
rocks, Id whicli no mlnerah have crystallised out. 
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qu<#fced : 1. rhyolite from 0. Antrim II. 

hrnburgito from Haddingtonshii'e : 

SiOa TiO.> AlaO, KcgOa FoO CaO MgO KaO NaaO IlaO 
1.70 4 — 14-2 16 — 00 — 42 18 15 
11.402 2 0 12 8 4 - 0 . 10 410-4 11*0 0-8 2 7 3 4 

'l'h\ rocks of the more acid type are fialor in 
colour and lower in cfensity, whilst those of the 
more basic types are darker ayd heavier. The 
former are also .much more viscous and less 
^ ready to crystallise than the lattcK. The texture 
of volcanic rocks ckmcnds very much on the 
c%n,djti(jns under whimi they have consolidated. 

. When cooling has taken place rapidly glasses 
arc for^ied (p.g. obsidbin, g.-e., or volcanic gla.ss), 
whilst i| tlm cooling has been prolonged the 
wl^le material may be crystanisod. Usually, 
both glassy and cryStalline material are inter- 
nnngled, the small crystals being set in a glassy 
base. With the release of pressure accom- 
panying the pouring out of lavas, the w;^ter and 
gases occluded in the magma give ris^ to 
vesicular cavities m the mass, in which secondary 
minerals are fretpicntly segregated. An extreme 
example of this is ullorded by jnimiee (q.v.). 
\'olcamc rocks, represenlTiig the lava-flows of 
ancient volcanoes, occur interbedded with the 
sedimentary rocks of all geological periods, 
'they find many practical a])])heation8, c.q as 
building stones, jiaving stones, road-metal, 
eonorcte, miHstoncs, &e, Tln^ hauling typos — 
rhyolite, obsidian, pumice, traidiytc, andesite, 
Iiliouohte, basalt— are further described under 
their respective headings {q.v.). • 

Mucli detailed jietrographieal study and 
numerous chemical analyses have botm made of 
lavas, and mafly names have been introduced 
for sjjocial varieties, Jteference may be made to 
the text-books of geology {c.q. Sir A. Geikic) and 
petrtilogy (Sir J*d. H. Tcall, A. Marker, F. II. 
Hatchj^J. r. Iddings, H. Roscnbusch, and F. 
Zirkel). 4S'cc also F. W. Clarke, The Data of 
Geochemistry, ;yull. U.S. GcoK Survey, 1008, No. 
3110 ; 4th.od. 1020, No. (iOo. A largo Clumber of 
analyses are tabulated by H. S. Washington, ‘ 
Frof. J^aper U.S. (ieol. Survey, 1917, No. 00. | 
The lavif lakes of Hawaii afford excellent I 
opportunities for the study of molten lava, sec i 
F. A. Ferret, Amer. J. Sci. 1013, vols. 35 and 30 ; i 
T. A. Jagger, ibid. 1915, voLs. 39 and 40. | 

• L. J. S. 

LAVENDER, DIL OF. u. Ol].S,TjIsSENTlAI,. 
LAXANS, LAXATOL, LAXEN, , LAXIN, ! 
LAXOIN {Pergen). Trade names for phenol I 
jihthalein when used as a purgative. I 

LlVZULIJE. A comparatively rare mineral i 
•occurring as sky-blue monoclinic cr^’^stals of ' 
pyramidal habit. It is a basic phosphate of 
aluminium, magnesium, and ferrous iron, 
Al2(Fe,Mg)(01I)2F2()3. This name is ^sily 
confused with the name lazurito«(v. Lai’IS- 
LAZUH). • • • L. j. s, 

LAZURITE«i;. Lm’is -lazuli. 

LEAD. Syns. *BWi ; Plomh. ; Plmnhum. 
SyimFJ). At.wt. 207-2. 

#!Tum;ncc.-— Native lead is said to hifve been 
foimd at Grassington and Alston Moor, in certain 
mines in the province of Guanaxuato in Mexico, * 
and according to Koksharow (J. Min. 1875, 873) 
in the Kirghis Steppe, where it occurs in horn- 
stone associated with heavy snar and cerussite ; j 
also in the gold washings of Katharinenburg, in ! 
which it occurs in grains together with gold. 


I magnetic and specular iroirorcs ; also in India 
(Geol. Survey, India, List of Minerals), andl^n 
Sweden, whero-it has been forme'll from some 
^naturally-occurring compound by reduction with 
arsenious acid. Some instances of the occurrcnco 
of native lead are given by Liversedge, m his 
Minerals of Now* South Wales. 

A large numbftr of lead compounds are found 
in nature, but only comparatively fl?w can be 
considered as ores. • 

3’he principal ores of lead in the order of their 
importance are gahwi^ cerussite^ an/jlesUc. Other 
less iiaportant naturally oepurring compounds 
of load are ygromoT'plnic, mimctite, niatlnchte,% 
mcndijnfe^ pho^igcnilc, lead ochr^ inifiium. These 
arc dealt with under special titles. 

The association of small quantities of lead 
with uranium minerals was noted by Hillebrand 
I and made •the subject of particular study^liy 
BoJ^wood, who suggested tliat the dead might 
be the^n-oduct of the tlllintegration of urauium 
(Amor. J. Sei. 19i5, 22, 253; 1907, 23, 77). 
'riio develojmient of this idea has led many 
chemists, in recent years, to the extraction and 
determination of tlm equivalent weight of the 
lead from radio-active minerals (r. infra). 

Most ores of lead contain silver which may 
be present either as the native metal or, in the 
ease of Riilphido ores, as argentito or some 
mineral rich in silver, such as tetrahedrite. 
Oxidised ores (sulphate and carbonate) generally 
contain silver as halide. The amount of silver 
varies very greatly ; it is usually of the order 
0*01 to 0-1 p.c. yomo ores, however, especially 
the sedigenetic ores, are practically free from 
silver, whilst, at tke other extreme, some are 
so rich as t^Jbo regarded as silver ores. Sijjce 
the .silver passes into the lead when the ores are ^ 
smelted and is almost completely recovd'ed 
from the lead by the processes of Seailverisation 
and cupellation, and sinite most of the silver in 
the world is produced by tliese methods from 
argentiferous lead ores, the metallurgy of 
silver, in so far as this metal is won from lead 
ores, will bo described in the following pages. 

Galena is the source of most of the lead of 
commerce. Its chief modes of occurrence are 
in vein.s, more or less vertical and often occupying 
small fault-fissures ; and in fiats, or offshoots 
from veins, usually following roughly the 
beddiiig-pliincB and r#i)lacing limestone. Irre- 
gular impregnations of porous rocks like sand- 
stone constitute an important source m*certam 
parts of Germany and America. The galena in 
such cases is usually segregated »to nodules, 
and is remarkably free <rom gjlver, and the size 
of the ore- bodies and the ease with which they 
oan be worked compensates for their low lead- 
content. 

Distribution of Lead Qres. 

, In the British Islands, lead ore occurs in 
I rocks of all geological a^es from the Ordovician 
I to the Triassic, t)ut it is particularly abundant 
in veins in the Ordovician and Silurian rocks of 
Shrop.shin^ Gdrdiganshire, and Montgomery- 
, shire, of Loadhills imd Wanlochhead in Scotland,^ 
and of the Isle of Man ; and in veins and fiats 
in rocks of Carboniferous (Mountairf Limestone) 
ago of Derbyshire, Flintshire, Denbighshire, 
Northumberland, Durham, and Yorkshire. It 
occurs also in the granite of Wicklow and the 
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Isle of Man and in the killas (Devonian) of trachytes, sometimes in irregular masses %nd 

Cornwall and Devonshire. sometimes in the form of lodes. The chief 

In Germany, lead mines are worked in mining district is that of Laurium, at the 
Devonian strata in the valleys of the Lahn southern extremity of Attica. The ore has been 

and Sieg and in the Hartz. In the latter' wrought and smelted there from the narliest 

district there are tluee oentres — viz. ( 1 ) that in times. • / 

the neighbourhood of Clauathal ; (2) the mines In Sweden argentiferous load ores occur in 
in the vicinity of Andreasberg*; and (3) those at veins in granula|j Kmestones, interstratified with 
RammelsBorg, near Goslar. The Freiberg mines schists. ’^Phe chief mines are those of Sala, of 
are in gneiss ^and yield a liighly argentiferous Lofas in Dalajcarlia, and of Guldraenshytta in ^ 
galena. The Silesian lead ores are found in Westmanland. , 

irregular dejiosits in the muschelkalk, and arc In France galena contitining silver and^ssb* 
associated with ores of zinc and ir<jn. A ciated with blende and iron pyrites occurs at, 
Ijremarkable stratified deposit of lead ore »)f Foullaouen in lodes trtw^ersing (day sVites of 
Triassic age 'is tl^ot of Mechernich in the Fifel, Silurian ago. The lodes at Huelgbdt yield, in 
where a bed of sandstone is studded in jilaces addition to ar^ntiferous galena, cerussito, pipro- 
with nodules formed of sand grains cemented morphite, and also native Iftilvcr and liorn silver, 
together by galena. Galena is found and worked in several localities 

<frhe mines of Bleibcrg and RaibcHn Carinthia in France ; the most important i!iincs are th^se 
are among> the most important lead mines in of Pon^gibaud in the Puy-de-D6ipc, where lead 
Austria, ilere the or# is a very pure^ galena lodgs arc woikod which traverse rocks con- 
associated witli molybdate of lead, and is iound eistiiig of granite, gneiss, and schists, broken 
in limestones of the Triassic formation. At through by dykes of porphyry, and covered by 
Pzibram, in Bohemia, the veins are in Silurian | sheets of basaltic' lava and beds of cinder, 
strata, and yield a galena very rich in silver. 'Pho galena is argentiferous, and is accompanied 
The mines are from thi'oc to four thousand feet by blonde or iron jiyritcs, and occasionally 
deep. fahl ore. 

Lead is found in almost every jirovincje in In Belgium, a productive load inioo exists 
Spain, the cliief workings being those of the at Bleiberg, near Moresnet, where a vein is 
provinces Jaen, Murcia, and Almeria. in the worked wliich traverses the Cai bomferous 
province of .faen in the neighbourhood of Janares, Limestone and the Coal Measures, 
two distinct systems of veins occur traversing Lead ores are found in various parts of 
the Triassic sandstone and the underlyflig Russia, c.g. at Ekaterineiiburg in the Urals, 
granite. In tlio district round Carthagena in and iii. the Caucasus. In Poland there are 

Murcia, the lead ores occur in veins in stratified deposits galena in the dolomites of the 

and irregular deposits in •Bduriaii rocks and Muschelkalk, which have bctvn worked for 
trgch^B. In the province of AJyicria lead is centuries. Tlie most remarkable mines are 
iornid in veins m the mica schists and clay slates those near Olkusk and Boleslaw. J.<odes of lead 
* of^he Sierra Almagrera. Borne of the ore of ores occur near Chasing and I^iolce in rocks of 
this district iS highly argentiferous. Devonian ago. Galena associated with fahl ore, 

The chief Italian# sources of lead are in molybdenite, iron pyrites, copper pyrites, and 
Sardinia, and ma)'^ be divided into three typos blende occurs in deposits in thf^ mining district 
— (1) Ore masses interstratified in Silurian rocks, of NortscKinsk in Eastern Siberia, 
as in the mine of Montepom ; (2) veinstravorfing Rich ores of silver and lead occur in the 

iSilurian clay slates, as in the Montevecchio northern Shan States of Burma, and were 

mine, one of the most important lead mines in formerly worked by the Chinese for the sake of 
Europe ; and (3) lodes traversing Silurian lime- the silver. Interest in this source of lead and 
stones, e.gr. Malacalzetta. The ore of the silver has been revived, the old slags at Bawdwin 
Montevecchio mine consists of galena mixed have been resmeltod and ore has been raised in 
with blonde, iron pyrites, heavy spar, sidcrite, large quantity during recent years, 
and copper pyrites. It m poor m silver, whilst Australa^i. — In Victoria, ^galena occurs in 

that at Malacalzetta carries about 40 oz. of several liicalitics ; that at Bt. Ariiaud is argenti- 
silver to the ton. In Sardinia, the ore is, in ferous. In New South Wales are the famous 


all oases, galena. There are numerous deposits deposits of Brolvon Hill, where the galena is 
of lead ore#(galeua) on the mainland. In the intimately mixed with zinc blende. Much 
Brusraipiano in •'the district of^ Milan, cerussite has also been raised from this locality.* 

galena is found associated with oerussitr, iron In South Australia, the mines of argentiferous 
pyrites, jamesonite, ^^oppe^ pyrites, and mala- galena are situated in the southern part of the 
. chite. At the Morso Alto mine and at the oolo%y, near Cape Jervis. In the Champion 
Boltino mine in the milling district of Florence, Bay district of Western Australia both lead 
the galena w'orked is rich in silver, and at the and copper ores hflhre^beeA found in gneissio 
latter mine is associated with fahlscz, bout-nonite, rocks. Argentiferous galena ha^ been found in 
and native antimony ore. Tasmania, at the Pengiftn/and in the neighbour- 

The deposits ^f lead ores'^in Portugal are hood of Mounts Roland and Claude. Galena 
very similar to those in Spain. The most containing silver is occasionally found’'^’*the 
important district is that of Mutol%„ near the gold-bearing reefs of Coromandel and Thames, 
^Guadiana. The galena coD^^ains about 24 oz.*' New Zealand, 
of silver to the ton, and the cerussite and Africa. — Argentiferous^ead and copper ores 

anglesite associated with it are frequently much are found in some mines in Algeria, and lead 
richer. * ores are known jto exist in different parts of 

In Greece, ores of lead, silver, and zinc South Afrioa; these ores are found chiefly in 
ocout^ in mica schists, limestones, granites, *Aid the limestone formation extending from the 
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junction of the Vaal vrith the Orange River in a 
northerly and then in an easterly direction to 
Rustenburg, in the north-west of the Transvaal. 
There is evidence of these ores having at one 
time ^en worked by the natives. 

America. — In the.United States of .America, 
argentiferous galena, associated with blende, 
iron, and copper pyrites, occurs in the form of 
veins, in the iUlantio States ; in the Azoic 
slates of New York and in the New England 
gtates ; in the Stat^of New York it occurs in 
irrefular deposits in the Lower Silurian rocks. 
'J’ho cMef lead districts are, however, those of 
the Upper Mississippi Valley and the Missouri. 
The Upper jMississippi lead distjpct is comprised 
within the States yf Wisconsin, Illinois, and 
Iowa, the chief lead -producing district being that 
qf the hrst-nftmed Stijte. The deposits of load 
ore are found in the ‘ galena ’ or magnesian lime- 
stone of the Trenton period of thg Lower 
Silurian formation, and cover an area of ii^out 
140 geographical square miles. These deposits 
assume a variety of forms, c.g. the sheet, a solid 
mass of ore tilling a vert^al fissure ; this is the 
most characteristic mode of occurrence. In 
addition, other forms are distinguished, such as 
an opening, a crevice with pocket openings, cave 
openings, flat sheets, and vertical openiings, in 
all of which masses of lead ore occur in fissures 
in the limestone. The principal ore is a very 
pure galena, j)oor in silver ; it is accompanied 

blende and zinc carbonate and a brown iron 
ore. The chief deposits of the Missouri district 
are situated in the counties of Washington, 
Franklin, and Jefferson. The galella is usually 
associated witn iron and copper pyrites, and at 
the famous Lamotte mine, with nickel and 
coljalt ores. In Utah and the Western States, 
large and irre^lar deposits of highly argenti- 
feroua*lead ore occur. 

In Oanadif galena is foupd in several locali- 
ties around Imke Superior, a remarkable vein 
occurring at Silver Lake, some six Ailes north- 
ward from Thunder Bay. A finely crystalh'sed 
variety of galena has been found on the East 
Main col/St of Hudson’s Bay, in strata similar 
to those in which it occurs in the Mississippi 
district. 

• In Mexico lead ores ar^found in the mines at 
Guanaxuato and La Concepcion, ^and lodes con- 
taining argentiferous galena, qulrtz and calc 
spar occur in the mining district of Tatatila and 
Zomelahuacan. 

yhe lead-production of the world for the 
year befor* the great European war (1913) was 
1,142,264 metric ions (1 metric ton— 1000 kilos 
=2204 lbs. =0*98 long or ordinary ton). Of this 
vast quantity no less than 83 p.c. came from the 
following five countries • 


U.S.A. . 
Spain ^ 
Germany 
Australia 
^^Slexioo 


^9#, 034 metric tons 

203.000 

481.000 

116.000 
65,630 


Owing to internal conditions, the Mexican 
output was only about half the normal during 
that year. The United Kingdom produced 
48,962 metrio tons, 30,000 of which were derived 
from imported ores. The, production, in 
thousands of metrio tons, from other countries 
was : Belgium, 36 ; France, 28 ; Austria, 22 ; 


Italy, 21 ; Greece, 18 ; Canada, 17. ^Smaller 
amounts, from 1000 to 3000 tons, were produced 
by Japan, Huitgary, Russia, and Sweden. 

For methods of assaying lead ores, v. art. 
Assaying. 

The following are the methods by which the 
extraction of lead is effected : — 

I. Method of double decompositioi^ otberwise 
known as the roasting-and-reaction, or air- 
reduction process. As the last^namo implies, 
air aids in the reduction, and it does so in the 
following manner : 

When galena is roasted at a moderate heat, 
it is partially converted into the oxide, and 
portion is also oxidised to the^iulphato ; if, after 
this roasting the temperature bo raised, the un- 
altered galena reacts on the lead oxide and sul- 
phate fonged in the previous stage, and metallij;^ 
lead is pro*duoed, sulphur dioxide being evofVed. 

•These reactions are ropresentodf by the fol- 
lowin^f equations : ^ 

, . t2PbS*f30a=2Pb0-i-2S02. 
JPbS-^- 202 =Pb« 04 . 

,,, )PbS-]-2Pb0:-.3Pb-fS08. 
U^bS 4 -PbS 04 = 2 Pb-f 2 S 03 . 

The second equation must be regarded as 
a summary one, since there is no evidence of 
the direct oxidation of lead sulphide to sulphate. 
Probably all the load sulphate arises from reac- 
tion of lead oxide and sulphur trioxide, the 
Utter being produced by oxidation of sulphur 
dioxide. 

The reversibility of the reactions under (b) 
was indicated by Jenkins and Smith (Journ. 
Ohem. Soc. 1897, Tl, 666) in their study of the 
action of salphur dioxide on lead. Each equa- 
tion represents a system of three compor^ntsi 
in four phases and is thus uvvariant. The 
pressure of the gaseous ghaso, when equilibrium 
is attained, should thus be .a function of the 
temperature. This deduction from the phase 
lagw was confirmed by Schenck and Rassbach 
(Ber. 1907, 40, 2186, 2947 ; 1908, 41, 2917). 

The interpretation of the data of experiment 
is, however, rendered difficult by the formation 
of basic sulphates, which increases the number 
of phases present and disturbs the equilibrium 
(flee W. Rcindors, Proc. K. akad. Wetonsch, 
1914, 17, 703). SoT^e idea of the pressure at, 
oquilibriiftn of the sulphur dioxide for .the 
reaction between sulphide and 8ulph#te may 
be gained from the following table : 


Temp, (degrees 
^enUgrado). 

636 
666 
696 • 
718 
• 723^ 


Prwsure (mm. 
mercury). 
39 
98 
201 
402 
, 690 
736 


The reversible reacti^gi bet^yeen sulphide and 
oxide, viz. P]5S-}-2PbO=3Pb-f SOj, becomes 
appreciable at a temperature (650®C.), about 100® 
higher thsin that between sulphide and sulphate, 
and similar gaseous pressures are attained 
correspondingly higher temperatures. 

II. Method of roasting and sflbsequent re- 
duction of the oxidised compounds by means of 
^rbon. 

III. The precipitation or iron-reduction 
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proceed, in which iron iy used to effect the 
. removal of Hulphur. 

The treatment of a lead or<? frequently re- 
quires the use of two, sometimes of all the above 
processes. 

'J’ho smelting of lead ores, (tf which galena is 
the ]»rinci])al one, is carried out either in rever- 
beratory furnaci’s, bla.st funta'-es, or shallow 
hcartlis. ^Tlie ore from the mines is dressed 
and freed a.si far ns possible by mechanical 
means from the various minerals and gangue 
material with which it is mixed 

«> 

* iSmeltixu'In R.everheuatoky Furnaces. 

The Flintshire •provei^ei i.s an example of the 
method by double decomposition carried out in 
reverberatory furnaces, which vary somewhat 
mf^instruction and dimensions. 

The folMwing is a description given by Pliil,b])s 
of a Flmlnhire JuTvace * 

The length of the hearth «s usually about 11 
feet, and its width b feet, and under this is an 
arched vault, extending the wliole length of the 
bed to the lire- bridge. 'Flie hearth is made of 
slag, moulded into the jiroper lorm when m a 
plastic and senii-fiuid state. 'Fowards the centre 
of the hearth is a depression m which the fused 
metal accumulates, and at the bottom of this 
is situated the tap-liole. The firi'plaee is at one 
cud, and b<*forc reaching the c.avity of the 
furnace the flame has to ])ass over a fire-bridge 
about 2 feet in width, and from 12 to 14 inelies 
below the arch. At tlic opjiosite extremity of 
the hearth are openings communicating with 
the flue in connection with a lofty chimney. 
Tim fuel is supplied through a (hx^ij at one end 
^of the fireplace, in addition to which tlu' furnai'C* 
is fTlrnished Aj^ith six working doors, about 9 
inches by 12, protected by heavy cast-iron frames 
built into the br^ckwerk and closed by iron 
plates, which can bo easily removed when re- 
quired. The bottom of this furnace is nwle 
nearly level with the dotirs on one of the skJcs, 
but is mehned towards the other in such a way 
as to be from 18 to 20 inches below the middle 
door, where it commuiiieatcs with the tap-hole, 
beneath which a cast-iron tapjhng ])ot is set in 
the ground. In the toj) of the furnace is a 
hopper, from which a fresh charge of ore is let 
• down as soon us that wlifth is being rvorked is 
withdrawn. 

In working this process, the charge (con- 
sisting of 21 cwt. ill K. Wales, and from 12-14 
cwt. in tho«iiorth of England) is let down 
into the furnace, vdiieh fs still liot from pre- 
vious working, and is spread evenly ovei the 
surface of the bed of the furnace, care being 
taken to jirevcnt it dropping into the depression 
in the furnace-bed or weiln During the first hour 
and a half, thf; charge is frequently stirred, and 
the supply of air carefully regulat^ so tHht the 
temperature is kcj^ sufficiently high to ensure 
the oxidation of a portion of fhe galena, but 
not high enough to cause the charge to melt. 
At the end of this period the doors a#e closed, 
ttjie fire is made up, the temj^craturo raised to 
bright redness, and maintained at this point 
for about 28 minutes. The charge becomes 
jilastic, and reaction takes place between the 
unaltered galena and the oxidised compounds 
of lead,, and the metal so formed runs dowrf 


into the well of the furnace. At the end of this 
period, the doors arc opened to cool the furnace, 
and when the charge has become as pasty as 
ordinary mortar, it is pushed back from the well 
and spread over the higher part of the bed* The 
I dooi's hre again closed ^nd the tempfraturo 
raised by additirin of fresh fuel ; in this way tlie 
charge is rajiidly run down into tlio well of 
j the fiinmoe, and when tins, is accomplished, 

I some slaked lime is thrown on to the surface and, , 
I by means of a rake, thoroughly mixed up with 
i the charge. Thus the slags and unrcduceij- ore 
j are coolial and rendered sufficiently msty to 
I allow of their lieiiig again removed amP^pread 
j over the Inglujr portions of the fi'irmjrce bed, 

' where they arc again ealemed as in the first 
I ojieration. 'Fhis ea1oinaiio^^ lasts about half an 
hour. At the cm! of this, stage, tljc temiieratii/’c 
is again rai.sed, and the whelc charge is melted 
down ij'io the well. During this stage it is 
cu.stt>maiT to throw a little foal slack on to the 
' charge. When the charge has collected in the 
Avell, some slaked lime is thrown on to it, and 
the slogs ]mshed bae-j< on to the sloping side 
of the furnace and allowed to drain. Tht' lead 
which has collected in the well is now tajijied, 
and the slags. te<‘hnically known as giry slags, 
are withdrawn in pasty lumps through the 
doors at the back of the furnace. 'Fhe surface 
of the metal in the ta])ping jiot is covered by 
.slags and mattes, which retain mechanically a 
considerable jiroportion of metallic load, the 
sepanVion of which is elTectcd by stirring with 
a jiaddli and throwing on to the surface some 
coal slack, #vhich is well worked iiji with the 
molten metal. A considerable ef'olution of gas 
takes place ; this is ignited, and the heat ])ro- 
duced suffices to melt and liberate the metal 
confined in the slag. The slag i’ then skimihed 
off, thrown into the furnace, and the lead,ladled 
out into east-iron moulds. 

Before introduc^ig another e^uxrgi', the tap- 
hole is opelied to allow the lead ])rodueod from 
the slag and .skimmings to run into the metal ])ot, 
where it remains until the next charge is run off. 
The tap-hole is again closed, and aiiothSr charge 
of ore tlrojiped into the furnace from the hopper. 

'Fhis process may, therefore, be summarised 
as follows ; — ^ 

(1) Calcination of the ore at a low tempera- 
ture, wherebyi'tt certain amount*of lead sulphide 
is converted into lead oxide and lead sulphate. 

(2) Melting down of the charge, during which 
the unaltered lead 8ul])hide reacts upon the oxi- 
dised jiroducts and separation of leadr, occurs. 

(3) The admixture of lime with the molten ' 
charge and the ‘ setting up ’ of the slag ; further 
separation of lead from the interaction of the 
sulphide and the oxidised comjiounds of lead, 
and the production of an excess of lead oxide and 
lead sulphate over tlufleaid siifphido jiroscnt. 

(4) The tapping of th(j, met#l which has 
I accumulated during th6’ operation, and the 
[ draiviiig of the slags in a pasty condition..^ 

In Flihishirc, the ores smelted by this metfed 
yield 75 -80 p.c. of load by the dry assay, and of 
this, 90 p.c. is obtained by smelting in reverbera- 
tory furnaces, ^he remaining 10 p.c. being ob- 
tained by subsequent treatment of the slags 
(of which about 4 pwt. per change is produced) 
and fume. The time required for the working 
of the charge is from 5 to 6 hours. 
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;rhis raetliod is suitable for rich ores^con- , 
taining limited amounts of silica, pyrites, and | 
caJcspar. If the silica exceeds 4 i).c. there is i 
danger of fusible lead silicate being formed. | 
Much pyrites leads to the formation of lead | 
matt<% and more than 10 ]j.c. of (jalcspar i 
diminiMics the fusibility of the slags too much. 

In Flint diire, another process of extraction I 
was used, sitnilar to that ern])loyed at one time | 
in Cornwall, the* two stages of oxidation and i 
• reduction being performed in separate furnaces, i 

• The method i.^ combination of all the 

diffA’ent jiroccsses for the extraction of lead, 
utilisir^ ^ j 

(1) The 4^ir-reduction process, 

(2) The desulpliurisation of galena by iron, 
"(11) 'riie reductioi^of oxidised lead compounds j 

by carbonaceous fuel. 

• The ore twated in* Cornwall was essentially 

a cupriferous galena containing on the average 
00 to 70 p.c. of lead and about 35 otnees of 
silver to the ton. • [ 

The calcination was performed in a rover- ' 
beratory furnace having three working doors, ' 
one on either side of the furnace, and the third 
on the side op])osite the fire-bridge, and smaller 
than the others. Below the bed of the furnace j 
was an arched chamber, into which the calcined , 
ore was raked through holes in the bed oppo.site ' 
each of the lateral working doors. 'Phe furnace 
was built of ordinary rubble-work, lined intern- 
ally with 9 inches of fire-brick. The doors 
wore hung in a cast-iron framework, or had 
the sides protected by slabs of granite.* The 
charge was introduced through a hole in the 
roof merely ch^od by a slab. Tlie cuarge varied 
from 25 cwt. to 3 tons, but usually consisted of 
about 2 tons, and was spread over the furnace 
bed and calcined at a higli temperature, regulated 
so as to prevenf clotting. The operation lasted 
from K> to 18 hours, the charge being raked | 
over every hour. At the «cnd it was raked ' 
through the lifles in the furnace into the 
vault below, whence it was convoyed into the 
flowing or melting furnace, which is similar to i 
the Flintshire furnace. ! 

This furnace had five working doors, a pair | 
on either side, and the fifth on the side opposite ! 
the fire-bridge, as in the calcining process. Near | 
Olid of the lateral working doors, the hearth I 
slojied to the one near the bridge, jvhero the tap- I 
hole was situated^ from which the nlltal, &c.,ran j 
into an iron pot placed outside the furftace, near ; 
to which was a small pit to receive the regulus 
or slurry. The metal pot was also provided 
with a chaifnel to convey away the slag. 

The charge of two tons of calcined ore was 
brought into the furnace through the back 
working doors, spread over the sloping hearth, 
the doors closed, and the temperature ftiised 
until the charge was mel<:ed dowli, requiring 
some 2 or 3 hours. With pure ores, the lead 
produced in tlfls stage -^as tapped off, but more 
usually the charge was mixed with lime and 
oujnj^fifhthracite coal) and set up on th^ higher 
part of the furnace bed. When barytes was 
present in the charge, fluorspar was used as a« 
flux, and 1 or 2 cwt. of scrap iron was added to 
assist in the decomposition of thetload sulphide. . 

The doors were again closed and luted, and 
the charge melted down. Thfi furnace was then , 
tapped, and the molten metal flowed into the , 


metal pot, followed by the regulu.s or slurry, 
consisting chiefly of iron sulphide and con- 
taining most o^f the copper. Thq regulus ran 
over from the metal pot into the jfit below, and 
after a time the slag began to make its appear- 
ance ; the lip of the pot was then stopped with 
ashes, and the flow of the slag directed along 
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the channel by which it was conveyed out of 
the building. 

1’he whole operation of smelting, from the 
time of introducing the charge to the tapping of 
the metal, took about 8 hours. The slag was 
gmierally sufliciontly free from lend not to re- 
i quire subsequent treatment. 4’he regulus was 
treated for the loa<l and silver it contained, and 
then when sufliciontly rieb in copper sold to the 
copper smelter. 

In calcination, 0 cwt. of coal were required 
for every ton of ore, the melting down rc<iuiring 
about 8 or 9 cwt. 'l*he lead obtained was usually 
hard, and required softening at a high tcmpiya- 
turc to remove the antimony which it contained, 

A modification of the Flmts^iro process is 
used at Couoron, Loire Inferieure, France, of 
which the following is a'descrijition taken from 
Bhillijis's Flements of Metallurgy, f’ho con- 
stniction of the furnaces will he understood by 
relerenco to the accompanying wood-cuts. 

Fig 1. is a loiigitiidiiial section. 

Fig. 2 IS a horizontal section on the line cd. 



Fig. 2. 


Fig. 3 is a transverse section through the 
iapjfing-hole. 

The fifeplace a is ol the usual dimensions, 
and the hearth b, •instead of being on an arch," 
as is commonly 4;he case in Norl^ Wales, is 
supported on iron bars, on which is laid a course 
of flat tiles. A course of fire-bricks on edge 
rqjfts on the tiles, and over this is the usual slag 
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bottom. The furnace has the ordinary number 
of working doors, n, with a fire-door 6, and a 
tapping-hole c ; there is a small .fireplace below 
the pot dy to prevent the too rapid chilling of 
the lead during the process of ladling into moulds. 

Although similar in form and dimensions to 
the ordinary Welsh furnace, it differs from it in 
one important particular, namely, in having the 
tapping-pOj placed near the flue end instead of 
under the middle door. This arrangement gives 
a larger surface to the hearth for roasting the 
charge, and permits of the lead being collected 
in the coolest part of the furnace, wher^ it is 
yeast exposed to loss from volatilisation. 

Tlie mode, of W 9 rking varies with the nature 
and composition (ft the ores, and depends princi- 
pally on the length of time required for roasting. 
Pure ores, e8})ecially those containing a notable 
j.>.. j^ortion of lead carbonate or sulph»te, require 
very little , roasting, whilst those containing 
blende, pyrites, &c., nn^t be calcined foiia con- 
siderable time bftfore smelting 

In general, the ores treated are derived from 
Sardinia, and contain on an average about 81 p.c. 
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the heat that the charge may become rod-hot 
without clotting. The oharge is thus left undis- 
turbed for some time. During the first hour it 
is once or twice lightly rabbletl ; at the expira- 
•tion of that time, after being well turned with 
I the pachlle, it will be found to bo red-hot tlyough- 
1 out. The damper is then lowered so as tro leave 
i just sufficient draught for the free escape of the 
I gaseous products of calcination. The working- 
I doors are now left partially open to admit the 
I air necessary for the oxidation of the galena, and 
! under its oxidising actiuh the charge soon 
j acquires a high temperature. Caro nfust, 

! however, be taken to prevent the hea^. from 
j increasing so much as to hause softening of the 
I ore. When tht heat is properly controlled a 
I white crust, consisting of a mixture of lead oxtde 
I and sulphate, in which the former predominates, 

; IS rapidly formed on the^surfaco of the charge, 
j and no fumes are visible. 

The».iurface is renewed about every quarter 
i of afi hour, either by rabbling or liy ])addling. 

I The requisite heat is maintained in the furnaoo 
; during this process by firing with cinders only, 

I which are preferable to coal for that purpose, 

' not merely on account of their lower cost, but 
also because they give a steadier heat and do not 
I yield gaseous hydrooarbons to interfere with the 
, oxidation. 

I The alternate raking and paddling of the 
charge is continued at regular intervals, until 
on examination, it is thought to bo sufficiently 
desulphurised, which is generally the case 
I at the‘end of from four to four and a half hours, 
i The grate is then freed from clinker, coal is 
thrown on fho fire, the damper opened, and a 
brisk fire is got up ; thus in a few minutes the 
heat in the furnace is so raised that the reaction- 
period sets in. 

11. Smelling. — 'J’ho ore lying‘at the back and 


, , , ^ ^ extreme end of the furnace is now raked ttt>wards 

ot lead, chiefly gaiena, carrying but little silver. ! the bridge. With ithe mcrease temperature. 
The cobbled ores, before delivery to the furnace, | the roa8to(| ore soon begins to soft/Cn and to give 
are ground between rollers and passed through off white fumes, thus showing that the reactions 
sieves of cjight holes to the linear inch. A charge ! which result in the liberation of metallic lead 
ot ore weighs 27 cwt. have commenced. Great care and attention 

I wo men are employed at each furnace, one on the part of the smelter arc, however, neoes- 
of whom, the chief, works on the fore-side and sary, in order to prevent too great a loss of lead 
takes the leading jiart in the work. by volatilisation during the heating up of the 

In the treatment of rich ores, the ordinary charge. The ore mu«. on no account be allo\l?ed 
0 method of working consists in roasting them in l to liquefy, and as often as it shows a tendency to 
such a manner that nnwo than one-lwJf of the i fuse, some slaked lime in powfier is thrown on 
lead suiphide present in the ore is converted j the charge and well worked into it with a rake, 
into a rnixtiire of oxide and sulphate. On raising i The consumption of lime amounts altogether to 
to bright roemoss the oxide and sulphate formed about 2 p.c. of the ore treated. By this mtans, 
in roasting react on the j^ndecomposed sulphide and by carefully regulating the dlaught and 
m the charge, prcKlucing metallic lead, shlphur firing, the charge can be heated to the required 
dioxide, and slag. , , temperature witffiiut fusion. 

Ihe pre^cess is thus divisilile into two well- Shortly after reduction begins, globules of 
marked anil distinct operati(ins lead fhay be seen on the surface of the charge, 

I. Calcination or oxiciation, and before* an hoiy has *;ilapsed a certain 

II. Smelting or reductmn , quantity of lead has drained down the slope of 

1. Cdlcination. Supposmg a ciiarge to have the hearth into the wfill.* The* reactions are 
been ]ust worke(4 off Mid thg residual slags much aided by frequently rabbling and turning 
withdrawn, the furnace will bo empty and at a the ore ;, but as the working doors must’Vilinain 
red heat. I he ^mpey having been lowered, the open for this purpose, a large quantity of air 
charge of ore in the hopper, c, is •Set down centers the furnaoo, thus oxidising the sulphide in 
♦through the opening in thefarch, and spread the ore, and so cooling the charge that the flow 
evenly over the furnace bottom by means of of lead is cheeked. When the cooling is judged 
rabbles. This done, the working-doors are to have been carried sufficiently far, the charge 
closed, but the fire-door is left open and the fire is rabbled, the doors closed, and the fire so 
damped with cinders, in order so to moderate urged as to fill the furnace with flame during 
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sev^al minutes ; then, on re-opening the dbors 
and paddling, the flow of lead recommences. 

At the expiration of from two and a half to 
three hours from the onset of the reaction -period 
a considerable amount of lead will have accumu- 
lated A the well A first tapping is them made, 
the lorn being received in the tapping-i>ot, 
which is kept warm by a small fire, and the tap- 
hole is stopped with a plug of stiff clay. 

The thick droifh which rises to the surface of 
'the lead, and oontsjijns a certain quantity of 
sijriphide removed from the charge by the hot 
lead^nd again separated on cooling, is skimmed 
off witlf a shovel and gut back into the furnace. 
A little fine* coal, together with some burning 
cinders hnd lime, is now throwfi on the lead, 
which is vigorously agitated with a small paddle 
and stirred until it is clean. It is then skimmed, 
th!fe skimming# being ^ut on one side and the 
clean lead ladled into moulds. 

'J’he firing, paddling, and cooling •of the 
charge are repeated several times, until at^ast 
the residue becomes dry and gives but little 
load. I’lioroupon the lieat in the furnace is 
considerably increased, Ijftt not sufficiently to 
fuse or How down the charge, and towards the 
close of tlu^ operation the material remaining on 
the hearth consist to a groat extent of oxides. 

The pot skimmings, composed of cinders and 
lead matte, are now thrown into the furnace and 
well paddled with the charge, the reaction of 
the load sulphide and cinders on the oxide and 
sulphate producing a further yield of lead. 
When this has ceased and it is seen t*^iat no 
more can be extracted except at high tem- 
perature and by the addition of coaf, the grey 
slag is raked through the middle door at the 
back of the furnace and the second and last 
tapping is made^ 

The whole period of reactions occupies from 
5 to SJ^ours. ^fter the withdrawal of the slags, 
the bottom is examined, and if corroded into 
holes, or in an^ way injured, it is repaired by 
putting into the cavities a mixture of grey slag 
and lime and beating it smooth with the paddle. 
It is of gr§at importance to maintain the bottom 
perfectly smooth and with a good slope on all 
sides towards the tap-hole. A little lime is now 
spread over the bottom, and a fresh charge is 
at once let down into the*Jurnace, the damper 
having previously been lowered t»^revcnt loss 
of fine ore by the draught. The 'v^ight of coal 
consumed is equal to 40 p.c. of the or<f smelted. 
The produce of lead per charge of 1350 kilos, 
of om (with 81 p.c. of load) is 16 pigs weighing 
901 kilos, find 290 kilos, of slags containing 
50 p.c. of lead. Hence the total loss of lead in 
the reverberatory furnace is 3 '52 p.c. by volati- 
lisation ; out of this a certain proportion is 
recovered from the fume collected in the'^con- 
densers and flues. ^A larger percentage of lead 
in pigs might obtained by adding more coal 
to the charge toward# the end of the process and 
firing hard, to reduce part of the lead left in the 
slagii^t is, however, considered more economi- 
cal to limit the production in the reverberatory 
to about 80 p.c. of the lead contained in the( 
charge, and to carry the richer slags to the blast 
furnace. This is especially the ^se when the 
blast furnace is connected with good condensers 
and long flues. 

It will be seen from the foregoing description 
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that the process of reverberatory smelting 
adopted at Oouoron differs principally from that 
generally employed in England in -that there is 
no melting or flowing down of the charge, and 
the period of roasting is greatly lengthened 

Spanish furnace or boUche. 

In the south #f Spain, the smelting of load 
ores has been carried on for many cenrturies in a 
form of furnace known as the ho^rhe. It con- 
sists of two chambers, separated from one 
another by a fire-bridge. One of these only is 
used fgr the reduction of the ore, and the second, 
which is situated between the first and the 
chimney, serves apparently moderate the' 
draught. ^ 

3'he fireplace projects from one side of the 
hearth, and is without a grate ; the fuel, con- 
sisting of w»od, is supplied through a door at^iKS* 
end of the fireplace. , 

•the* smelting heartily inclines towards the 
working door, situated at the ealfl of the longer 
axis, immediately within which is a roccpiaclo 
in the floor for the collection of the metal. 

The boliche is constructed of rubble work, 
cemented together by clay and strengthened by 
buttresses built at the angles. 

The interior is lined with fire-brick, and the 
hearth is made of clay or a mixture of clay and 
broken galena. 

The method of smelting is in principle similar 
to the Flintshire process. The ore, thrown into 
the furnace through the working door, is first 
spread evenly over the surface of the hearth and 
tlicn calcined. When the calcination is com- 
pleted, the temperature is raised and the running 
down of the charge begun. The slags are dried 
up after the ^mpletion of the melting down “by 
throwing into the furnace the ash and breeze 
from the ashpit. The metal is tapped into a 
vessel, in whicli it is stirred with dry leaves, and 
finally ladled into moulds. The charge consists 
of 13 cwt. of ore and 1500 to 1750 lbs. of brush- 
woad. 

The yield is about 80 p.c. of the lead of the 
ore as given by the dry assay. The grey slags 
contain from 45 to 50 p.c. of lead and represent 
15 to 17 p.c. of the charge. These slags are 
subsequently treated in a blast furnace. These 
furnaces have lately -been altered by English 
companies • coal replages brushwood as fuel, and 
the charges have been increased. 

Bleiberg process . — At Bleiberg in CWinthia, 
reverberatory furnaces of a special construction 
are used, two being usually built ^de by side 
and arijjanged to work iijto one chimney. 

Fig. 4 represents a front citation, and Fig. 5 
a horizontal section. Th® hearth is about 10 
feet long, and at the back near the fire is about 
4 feet 10 inchesaiwide. This width is maintained 
for about half the length of the fuijiaco, when it 
is gradaally rq^uced, until at the working door it 
is about a foot wide. The hearth is sloped from 
the back and also from the<1;wo longer sides, 
thus forming a depression in which the metal 
may collect and flow into the metal pot, a, in 
I front of tHfe working door, g. 

The hearth is 'formed of a lower layer of 
beaten clay and an upper one of Jfused slags, 
having a united thiclmess of about (I inches. 
The fireplaoes are built parallel to the longer 
a»s of the furnace, and separated from the 
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iatter by a fire-bridge. I'he products of com- or Iron-reduction process. The reaction is» 
bustion pass into the chimney, h, by a flue above however, not complete, since some lead sulphide 
the working door, 'rhe grate is pf stone, having passes into the iron sulphide to form a matte, 

the amount of lead escaping reduc- 
tion in this way being greater the 
lower the temperature. Wh^ shaft 
furnaces are otnployed, the irnn may 
be charged in the form of oxidised 
compounds or highly ferruginous 
slags {e..g. tai)-clndrer), the reduction 
of which is effected by carbonaceous * 
materials ; b«l with reverberato»y 
furnaces, the iron must bo ii/'the 
metallic con^lition ; the ci^isump- 
tion of fuel is large, much lead is 

- - — -- - -- . . , volatilised at the high tem^icrature 

Fto. 4. . of reaction, a«id both matte and 

slag, being ricli in lead, rcipiiro 
.^foater inclination than tlie heaiith, and is ' retreatment. Owing tit these flisadvantag^^s, 
travi'i'scd l^y o])(uiings for the admission of air. j the reduction is seldom, or never, earned out 
'Die fuel employed i^wood, hut in soi^.e c,W‘s ! iii ri'vcf'ueratory furnaces, 
brown coal is used, and theij the stone grate is | * 

rt'jilaced by one with iron bars. 'The lead ores ; 

arc delivered to the smelter either in the rough ! Smelting in Hearths. 

state or iii the form of slimes. In the former j I'he extraction lead from gahma by 
state on assaying they yield from (>5 70 p.c. of , smidting in hearths involves essentially the 
lead, in the latter from (>() do ]).o. j reactions of the air-redurtion ]irocess. tV^hereas, 

In smelting, a charge of 37.7 lbs. of ore is ' however, in reverbcratorics the stages of roasting 
thrown into the furnace through the working , and reduction arc in the main separate, in 
door and spread over lh(' hearth, forming a layer | hearths they occur side by siile. Some naluc- 
from 1 to li indies thick. Tins is calcined at i tion, too, of load oxide by 1-be fuel of the charge 
a temperature low enough to prevent the soften- ; takes place in the lieartb process. The ore 
ing of the charge — the ealeination occupying | used in this process must contain at least 
3 to 4 hours — the charge being raked ovit at 08 of lead and should he poor in silver, 
intervals. 'Phe temjiorature is next raised to j otherwise the loss of that metal by volatilisation 
bring about the usual rc'i^etions between tlie is great, ft is broken up small^ about the size 
oxidised compounds and the unaltered galena, i of a bean, or if very fine is first sintered. The 
tlifj charge being carefully iMibled. 'This | iron of the hearth is jirotccted from corrosion by 
operation lasts from 3 to 4^ hours, the metal j the lead which fills the sump, and tlie charge 
produced cort.-itaiitly flowing into the depres- floats on a bath of molten leaci*'and is not itself 
Sion, and thence to ihe metal ])ot. At the { melted. ^ • 

end of this oiienation the slags are dried up The furnace kiKiwn as the ‘ ore hi'arth,’ or 
by the addition of ashes and breeze, and then ‘ Scoteli Iw'arth,’ is the one ehii^dy used in the 
withdrawn from the furnace. 'Phe lead jiro- northern counties of England and in Lanark- 
duced from the ore in this way, amounting shire. It varies somewdiat in (limenaions and in 
from 12.7 to 1.70 lbs,, is .sujiposed to be specially external form at different works, bii/ consists 
])ure, and is known as “■ JungfcriMa,^ or ‘ virgin essentially of a .shalhnv rectangular lieartb built 
lead.’ After the withdrawal of the slags a ! of cast iron, set in brickwork or stone. Fig. ♦> 
second charge of ore is treated, 
the .slags produced being left in 
the furnace, and to them-tho slags P 
from the previous snicltiiig are ^ 
added,* 'Phese slags are free from 
sul])hide and contain lead in an 
oxidised stale only. The tempera- 
ture is raised and charcoal added, P 
the whole being Intimately mixed 
with the rabble. The oxidised 
lead comyiouiids are in this way 
redueed in from 7 to 8 hoiws, 
about 150 lljs. of lead lioing pro- 
duced. ^ 

'Phe complete working of the 
two charges occtJy:>ies fwim 2l» to 
23 hours, the yield of lead being 
usually about 24 p.c, below that 
obtained in the dry assay This • 

•method is now seldom used. * Fiq. 5. 

Smelting^ galena with iroK in ^ 

reverberatory furnaces. — When galena is healed is a vertical section of the ‘ore lieartb,’ a the 
with iron, sulphide of iron is formed and lead is hearth bottom, 22 inches square, the iron plate 
liberated. This is the basis of the precipitati|*n being about 3 inches thick ; the sides are also 
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noVnpQsed of iron of the same thickness, and%^ 
tepth of the hearth is about 44-t> inches. ‘In 
rent of the hearth is the work-stone b, sloping 
com the front edge of the hearth to the metal 
»ot c, in which the lead is maintained in a molten 
tate fire below. The work-stone is«about 
feet loiig> 18 inches bA)ad, and 2 ^ inches thick ; 
b has a raised border about an inch high on its 
wo sides and along the front, and a narrow 
hannel 2 inches w?de and 1 inch deep runs dia- 
;onally across it. Tlip work-stone is embedded 
ti •(iriclay or a mixtur# of shmo ore and borie- 
,sh. *At the back of the hearth is a prism of 
roll, calil'd iho back-st^ne, n, ujion which rests 
he bcllows-jape, and above it is another prism 
called \he pijie-.stone, with an t)])ening below 
o receive the bollows-]hpc. The blast-pipe 
liters at a heiglit- of inches above the level 
»f fhe upper eiifi of the work-stone, and when in 
cork is about 4 inches above the level of the 
iietal ill th(5 bed. The hearth is eoverc?^ bv a 
mod of brickwork, opening at the back into a 
lue leading to the fume chambers. Behind the 
learth is a blind Hue or jut iiilt) which ‘ heaith- 
■nds ’ and other materials^coming oil with the 
ume may be colleete ^a nd from which they arc 
ernoved as required, ‘‘^t the side of the hood is 
111 opening in tlic brickwork communicating 
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vitii the hearth, through which the orc^and fuel 
ire charged. The ojiening in front <uin be 
egulatcd by a movable iron plate, raised or 
iiwercd by^a counterpoise so as nearly to close 
he front of the hearth. 

The fuel used is cither coal or peat, now 
nore usually coal, and the blast is supplied by a 
loofs blower, driven by # water-wheel. The 
uass of agglomer^ed ore, slag, and coke left at 
he end of each shift is called the ‘ l^owse.’ In 
rarking, a fire of (!oal is made on the* hearth, 
-nd then a moderate blast turned on. Ore is 
lext thrown on, and when the hearth is iirovided 
rith a sliutt^'r, this is clo.sed down. After the 
apse of a few minutes, the charge is stirred by a 
Hiker and fresh fuel and ore, and a little lime 
idded from time to time, the fuel being thrown 
n front of the tuyere. At intervals the shtftter 
8 raised and a portion tlie charge* drawn on 
0 the work-stone, the grey slags picked out and 
he remainder iJtokeHp up and returned to the 
loarth. The charge is rabbled so as to distribute 
he As the load is formed it trieklgs into 

he well, and overflows along the channel in the 
^rork-stone into the jmt in front of the hearth, 
rom whifch it is ladled into moulds. Towards 
he end ol a shift fresh ore is not aided, but the 
browse’ is- thoroughly worked up alone, and 
i^hen the blast is stopped, thd grey slags are 
eparated, and a portion of th4' lead from the 
• VoL. IV.-rJ. 


metal xmt ladled back into the well so as to fill, 
it for the next shift. Each furnace is attended 
by two. men anci produces about a* ton of lead 
on a 6-hoiir shift. 'Fhe fuel-consumption is 
small, amounting to 6-8 p.c., since the oxidation 
of lead sulphide both to oxide and sulphate is 
strongly exothermal. The grey slags contain 
35-45 p.c. of leadf largely in the form of oxide 
and sulphate, and are well adapted for^melting 
in shaft furnaces. The oflect of wintering the 
or© before smelting in hearths is shown by 
the following results obtained by tkjokson, 
in smo^iing 400 tons of ore, yielding on assay 
81 xxc. of lead, one half of which was smelted ^ 
raw and the other half after masting (?;. Local 
(Government Report, 1878-0. Supplement con- 
taining the Uexiort of the Medical Officer, 1878, 
289). 

• UOO tons 200tou8 

roasted raw 

J.cad, first fire . . 7.3'10 •60*80 

Lc^d in grey slags ^ . 2*50 1*80 

Lead in fume,* hearth- 

ends, loss, &c. . . 5*40 18*40 

81*00 81*00 

'I’lic ore hearth cannot bo worked con- 
tinuously, as it becomes too hot. Usually, after 
8-12 hours’ working it has to be laid off to cool. 
Many devices have been suggested and put into 
practice in order to overcome this difficulty. 
'Die American hearth, first introduced at 
llossie, New York, is similar in construction and 
working to tlie Scotch hearth, but differs in 
having the two sides and back formed into an 
air chest, the air froni winch is led by a pipe to a 
tuyere at the back of the hearth. In this way 
the back an(f Sides of the hearth are kept cofll 
and a hot blast is suiiplicd. The latter has not, ' 
however, proved an advantage, fo]l* the loss by 
volatilisation is greatly m^'eased Tliis has led 
to the replacement of this fortn of hearth by 
what is known ‘as tli(‘ American water- back ore 
hcaiitli, which has the three sides of the furnace 
formed of a water-cooled, cast-iron jacket. 

A recent modification of the ore hearth, in 
which mechanical rabbling is successfully 
employed, is the Newnam or St. Louis hearth. 
'J’lio rabble-arms are hung from a carriage 
travelling on an overhead track, and their 
motion is similar to tjjat of the hand-rabble. 
They work in one direction only, and each time 
the rabbles are withdrawn from the chargf they 
are carried forward 4 inches by the carriage and 
are then in position for the next^^troke. A 
‘ helper ’ follows the rab^o with a long-handled 
shovel, pushes back the loose Aiarge and picks 
out the grey slag ; behind hi«i comes a ‘ charger ’ 
who spreads fresh ore and fuel. At the end of a 
trip, the rabbling machii^ is returned, without 
rabbling, to the other end of the fiirnace, and 
the opemtions repeated. 

With this arrangement it has been found 
possible to douhJe the*lengtir of the hearth 
without increasing the manual labour required 
to work it ; at the same time, the consumption 
#)f fuel is hdUved and the production of fume and 
dust is greatly diminished. The following * 
results are averages for an 8-hour slyft, over a 
period of 4 weeks, for an 8-foot Newnam and a 
4-foot hand hearth worked side by side, the 
lab#ur being the same in each case. The ore 
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consisted of galena concentrates containing 
72'5 p.c. lead and 151 p.c. sulphur. 


Newnam hearth. 

Hand hearth. 

Dry ore charged . 

13,179 lbs. 

6,091 lbs. 

Pig load produced . 

6,443 „ 

2,030 „ 

Grey slag 

3,318 

1,329 „ 

Dust and fume 

2,328,„ 

1,481 „ 

Distribution of lead in the products 


Pig lead 

67 ‘44 x).c. 

55-00 p.c. 

Grey slag 

15‘]8„ 

16-20 „ 

Dust and fume 

17-38 „ 

28-88 „ 

Consumption of coke 


r 

breeze 

3-6 „ 

8-8 „ 

Elimination of stiplmr 


of the charge 

87-9 „ 

80-6 „ 

It is claimed that the cost of production of 

■'Vifad from rich ores 

and concontPates by thi.s 


process !&• much below that for si uteri ng and 
blast-furnace smeltinj!» (W E. Newnana, Trans. 
Amor. Inst. Min Eng. 191(V 2139). 

jSlar/ hearth . — The rich grey slags consisting 
largely of oxide and lead sulphate, with some 
unaltered galena, obtained in the air -reduction 
process, are sometimes smelted in a low^-.shaft 
furnace, known as the slag-hearth. This is a 
shallow, rectangular furnace made of cast-iron 
plates, ojien at the front .so that the metal and 
slags flow away continuously, and furnished 
with a single tuyere. 1’hc bottom- or bod-plate 
slopes to the opening, find is covered with cinders, 
well beaten down. 'ITie hearth bottom thus 
formed slopes from the back to the open eye of 
the furnace and serves as a lilter to sejiarate the 
lead from the slags. 

In front of the furnaec is a forohearth with 
two iron pots, one for lead, the* other for slag 
'.rhe slag flows over from the first into the second 
pot, and iii^ there granulated by a stream of 
water, so that shotsuof lead, held mechanically 
by the slag, are^li berated. 

The charge consists of grey slags and fuel 
in the form of peat or coke ; oeeasioiftilly, 
ferruginous materials are added. The chemical 
changes involved are those of the roasting and 
reaction jiroeoss, and reduction by carbon, 
sometimes combined with precipitation by iron. 

Grey slags are now usually smelted in the 
blast furnace with coke and iron slag. 

Smelting in Blast EuuNAt’Es. 

Smelting in reverberatorics and hearths is 
restricted to high-grade ores and conoentrates 
containing over 60 p^c. of lead and less than 
6 p.c. of sihca\ Ores not conforminj^ to this 
standard of compoeitioii, as well as slags from 
the air-reduction process, roasted mattes and 
furnace products ricl^ in lead ^re smelted in the 
blast furnace. Surface ores, or similar mixtures 
of sulphide and oxidised con|X)ound8^^ of lead, 
may be smelted direct; ores which consist 
largely of sulp'uides ftiust first be roasted to 
remove the sulphur and convert the lead into i 
oxide (and sulphate), and the roasted product 
is then smelted with reducing a^nts, fiuxe# ' 
being added, if necessary, order to slag the , 
earthy and silicious materials of the charge, i 
ff the charge contains much sulphur this is not, | 
as a rule, eliminated under the conditions ! 
existing in the blast furnace, but it enters ento ' 


ooinbination with iron, copper, and lead to form 
a .matte. As the complete removal of sulphur 
from an ore by roasting {i.e. dead-roasting) is a 
difficult and expensive operation, and as many 
lead ores contain copper, some cupriferous 
matte is generally produced in blasjrffurnace 
smelting, and from this’' matte the copper can 
be recovered by suitable treatment. The 
residual sulphur of the charge thus serves as a 
I means of extracting the copper and is itself 
I removed in effecting thatjend ; from a practical 
point of view, too, the production of a small 
quantity *of matte is advantageous in fliat it 
proihotes the easy running of the furnace and 
gives cleaner slags. o 

The chenfical reactions, already *de8cribed, 
by which lead is produced from its compounds 
under metallurgical conditions are all operative 
in the blast furnace, though to extent which 
varies considerably according to conditions and 
tl^e ebraposition of the charge. The roasting- 
aiid-rcactioii process is geiK'rally quite sub- 
sidiary, for the atmosphere in the furnare is 
essentially a reducing one and oxidation of 
sulphide to sulphatl , necessarily, does not take 
place to any great extent. ‘ lieaction ’ between 
sulphide and sulj>hate, however, is always 
pos.sible ui the hotter parts of the furnace, when 
both componufls arc present in the ( barge. 

Keduction of galena by iron, or precipitation, 
is at timers an inijiortant reaction in the blast 
furnace, though it carries with it the same 
drap'backs as were mentioned in the section on 
reverberatory smelting, viz. the jiroduction of 
excessive)^ amounts (d matte, which demands 
costly treatment for the recovery of load and 
copper contained in it. Formerly, metalhc iron 
was added to the charge ; now it is customary to 
add oxide ores of iron, roasto|l matte, and iron 
slags, materials reducible in the furnace to 
iron which is then available fpr roaefion with 
lead sulphide. With the present methods of 
smelting) however, the importance of these 
ferruginous materials is based rather on their 
slaggmg properties than on their suitability for 
bringing about the reaction of iron-reduction. 

The typical reaction of blast-furnace smelting 
is reduction of lead oxide by carbon (and carbon 
monoxide). Thus the smelting of sulphide ores 
of lead nooossitates'iiwo very distinct operations : 
roasting of^fhe ores to converl^jthe lead into oxide, 
the sulphur being driven off as volatile oxides ; 
and reduction of the roasted ores in the blast 
furnace. In no case is roasting complete, in 
the sense that all the sulphur is burnt Cfff and 
all the lead left as oxide. The “roasted mass 
always contains some unaltered sulphide of 
lead (the amount of which compound may be 
supnleraented by subsequent reduction of 
sulphate), and lead is also present as sulphate 
and silioace. It skoujd bft added that arsenic, 
to a large extent, and some antimony, if these 
metals are present, are ^volatiilbsed during the 
roasting. 

Roasting on the Okes. 

The old method of roasting in heaps is some- 
times, though rarely, u.sed for pyritio ores poor 
in lead. T^e construction of the heaps is 
simple. The ground is first oleai-ed and levelled, 
a bed of fine ore’ is laid down, and thefi the wood 
for kindling the heap. Upon the wood, the ore 
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is piled ; first the main bulk of coarse ore, ftver 
this the fines and, over all, the slimes, the 
whole forming a pyramidal heap which may 
vary very greatly in dimensions. At Port 
Pirie, N.S.W., the heaps are 260 feet long, 
20 feetyvide, and 6 feet high, tho‘ materiai being 
ore-slimes which are dlried and cut into blocks. 
The sulphur-content is reduced from 12 to 7 p.c. 
by this treatment. 

^ Jtioaating in C^jlindcr Furnac^a , — There are 
two types of revolving cylinders, the rotation 
b^ng either about a hc^izontal or a sloping axis. 
The Bruckner cylinder exemplifies the first type. 
The diuftensions of the|e cylinders vary from 12 
by fi fee^ to 46 by 8 feet, the charges being 4 and 
25 tons respectively. They makit one revolution 
in 40 minutes and ^re supplied either with 
stationary or movable fire-boxes, the latter 
bdlng preferable wheh roasting proceeds of 
itself after ignition of the ore. The time taken 
tt) work off a charge varies from 3 to 2-t hours, 
according to the nature of the materials. 

The Oxland cylinder is an example of the 
second type. It is used Laurium, in Greece, 
for roasting concentrates containing Fb, (50 p.c, ; 
S, 20 p.c. Tins furnace is 42 feet 0 inches long, 
3 feet 1 iiufii diameter inside ; it makes one 


revolution in 4 minutes and roasts the charge 
down to 4 p.c. of sulphur. 

Roc^ling in Jteverberutory Furnaces, — Me- 
chanical revcrberatorics such as those used in 
roasting copper ores find a somewhat limited 
application for the roasting of lead ores. Of 
these furnaces, some have fixed hearths and 
movable rabbles, •c.g. the Wethey, Ropp, and 
Keller furnaces ; others have revolving hearths 
and fixed rabbles, r.g. the Bnint^n, Hcberlein, 
and Godfrey furnaces. It will suffice for our 
purpose to describe one of those briefly, and the 
Ropp Jltraight Lino furnace will be selected as 
the one which has, perhaps, found most favour ' 
in the treatment of lead ores. Reference to the ^ 
annexed diagram (Fig. 7) wfll help to make 
clear the description. 

T’he Ropp is a rectangular furnace with 3 or 
4 fireplaces* disposed on one of the long sidin^^ 
Four or six rabbles work on the h(4arth. The 
ploiTghg which stir the ^e are set at an angle 
of 45° to the rabblp arms. These are attached 
to a vertical rod jiassing through a slot 1 1 inches 
wide which runs continuously down the middle 
of the hearth. An endless wire rope, driven by 
power, links up these arms and passes round two 
pulleys at the ends of the furnace. The com- 
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plete revolution of the rabbles takes 3J minutes, 
and as they are outside of the furnace for more 
than halt that time, they become cooled and 
preserved thereby from injury. At each end 
of the furnace are swinging doors, through which 
the, rabbles enter and leave the furnace. The 
working doors are placcdPat suitable intervals 
along the longer , sides of the furnace. The ore 
is charged at oho end of the furnace, traverses 
it in the direction opposite to that df the hot 
gases, and is discharged at the other end, 
remaining in the furnace 6-8 hours. The length 
of the health varies from 100-160 feet, the 
width from 1 1-14 feet, in the clear ; the large 
furnaces put through 50-80 tons of ore in 24 
hours, with a coal consumption of 13 p c., and an 
expenditure of 5-8 h.p. for working the raobles. 

The use of mechanic^llji rabbled^’urnaces for 
rimsting lead ores suffers, however, from certain 
disadvantages. Gal6na is difficult to roast ; 
it mu^be finely divided and the temperature 
mu#VWeregulated so that incipient fusicgi of the 
mineral is avoided, otherwise the fritted material 
becomes impervious to air and oxidation isi 
arrested. With progressive conversion of sul- 
phide into oxide and sulphate, th® risk of fusion 
is lessened ; at the same time, it is desirable that 
the temperature should be increased in order to 
hasten the oxidation of the unaltered sulphide. 


TI#3 advantage of a temperature-gradient in the 
furnace, coupled with the transportation of the 
charge as oxidation progresses, from the cooler 
to the hotter parts, becomes obvious. These 
conditions arc best attained in the long-bedded, 
hand-worked reverberatories [Fortschmtjelungs 
furnace), and these furnaces have been, and still 
are, extensively used for roasting lead ores. 

The cofistruotion ofthis furnace will be under- 
stood from the accompanying figures, Jor the 
drawings of which and also for much information 
respecting the present practice of lead smelt- 
ing, the writer is indeb^^ed to Mr. Maynard 
Hutcbtngs. • 

hTg. 8 is a front elevjition of the furnace, 
which is constructed of brickwork with a lining 
of fire-brick, aij^i stayed together with iron stan- 
dards and crossbars. IR this is also shown the 
hop])eiv* for charging ore, the ten working doors 
6, the door c for the withdrawal of the charge, 
and the door d ^r changing tl« fuel. 

Fig. 9 represents a vertical section, showing 
the fire-grate c, the fire-bridge /, and bed of the 
furnace, tonstructed of iron plates supported 
by pillars of bricRiwork, which are cooled by* 
circulation of air •below ; ux)on these plates are 
built the materials oomposing the* bed of the 
furnace. <7 is the opening in the roof through 
wibich the ore from the hopper is discharged into 
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Lhe furnace bed, Ji the flue leading to a series of 
condensing chambers. 

Fig. 10 is a plan of the furnace, and Figs. 11 



and 12 are vertical sections through cd and fo 
respectively. 

> The usual sizfi of these furnaces is 00 feet by 
j 10 feet; occasionally they are much longer — up 
to 80 feet — but the breadth is limited by the 
necessity of working the charge from each side. 
The bod of the furnace is sometimes divided into 
four hearths, each with a step of 2 inchc^towards 
the fire-bridge, and having two working doors 
at either side, 1’ho ore is cliarged^in the hearth 
furthest removed from the fire and spread out 
in a layer .‘1-0 inche.s thick. I’lie roasted oro is 
dischai^ed through on ojiening in the hearth 
nearest iho fire-bridge, and the ore from each 
hearth raked up in turn, so tlmt it. "is subjected 
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to a gradually increasing temperature as the 
oxidation of the sulphide proceeds. Sometimes 
the roasted ore is discharged as a powder, in 
which case it has to be briipietted before smelt- 
ing ; more usually it is sintered, a sump being 
provided near the fire-bridge (r. Fig. 0) in which 
the semi-fused ma.s8 is collected and from which 
it can be rah^^^ into slag pots and agglomerated 
by tamping. When complete fusion is required 
(this is not advisable wlieri iho or^s are rich in 
silver) the furnace sometimes has a separate 
hearth next to the firc-brMge, smaller, and at a 
lower level, than the main ones, and connected 
with them by a vertical flue about 2 feet 0 inches 



high. Sand may be strewn* on the fusion-hearth 
before the charge is raked on The effect of 
this is to deedmpose tlK^ lead sulphate, lead 
silicate being formed on fusion find sulphur 
trioxideTdriverfoff. As load sulphate is reduced 
to sulphide in the blast-furnace this method of 
treatment lessen? the matte-fall. 1’he charge is 
melted in this hearth, raked into slag pots and 
broken u]| before smelting. *rhis method of 
"treatment, 8lag-ro%sting as it is termed, is less 
favoured by sracltgrs than sinter-roasting, which 
leaves the material in a poroirt condition 
suitable for the blast furnace. 

Heap-roasting may be combined with 
/^r «»'«ft‘T.l-.*ii.atory-Toa8ting, and any 
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of these with the method of blast-roasting which 
will now be- described. , 

Blast- or Pof- Rorifti in-g . — In 1896 Huntington 
and Heberlcin introduced a method of treating 
galena, and eoncientrates consisting of galena 
mixed with pyrites and blende ; by this process 
the ore is rapidly desulphuriseil and obtained in a 
condition suitable for the blast furnace, and 
incidentally l^he sulphur dioxide produced may 
bo utilised for the production of 8al]>huric acid. 
In this process the ore is mixed with C to 
15 p.c. of lime or limestone, according to the 
proportion of sulphur in the ore, and roasted in a 
reverberatottv fui^ace. Tlie partially desulphur- 
ised material is transferred to a ]»ear-sha])ed 
pot or converter, mad(‘ of sheet iron, m which it 
is submitted to the action of a blast of air; 
■Raring the blowing in the convertfr, eiiergtdic 
oxidation Aakos place, accoinjianied hy other 
reactions, resulting in*;, a rise of tenipeii'itifrc 
suflicierit to bring about aggjionieration of the 
mass. This principle has been moditied in 
various ways and has attained great im- 
portance, during recent years, in the jirac* 
tice of lead-smelting. The modifications 
arc concerned with the materials added 
to the charge and with the manner in 
which the air is supplied. In the 
original process the air is blown 
upwards through the charge, and 
this arrangement is adopted in 
the Carmichael- 
Bradford and 
Savelsbcrg modi- 
fications, which 
are thus termed 
‘flp-draught’pro- 
cesses. In the 
Dwight-L?byd 
process the air 
is drawn down- 
wards, by suc- 
tion, through the 
charge, and the 
term ‘down- 
draught’ is tlicrc- 
fore applied to 
this process. 

The converter 
used ill the Hunt- 
ington - H oberlein 
procefe is shown 
in Fig. 13. 

The bl^t en- 
ters by a pipe aj 
the bottom of the 
converter and the 
charge rests on a 
false bottom. 


cooled and moistened with water, is added from 
time to time in suitable quantities, the blast 
pressure being increased. The method used at 
Braubach (Prussia) may bo quoted as an cx- 
ample« Hlie ores are roasted in reverb|ratorie8 
down to 10 p.c. of sulphur. 'Fhe pots hold 
11 tons. One ton of hot ore is put in first, then 
5 tons of cold ore on top. After 8 hours' blow, 
the remainder of the charge, 
6 tons, is added cold and thd 
blow erntinued for 4 hours 
longer. The suJpluir ifj re- 
duced, thereby, to 3 }>,'•. One 
reverberatory sciy cs II con- 
verters. ' 

In the Savelsbcrg process, 
limestone and silicjous materials 
are ad(k‘d to t^ie ore and Oio 
mixture blown din’cily in the 
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consisting ^ an iron grate, which servos to , converter, the proli fainary r'oasting of the charge' 
distribute the blast. When m aition, the top is | being omitted. ^ 

covered by a hood through which the fumes ' In the Carmichaol-BradfoJd process the 
escape; after the roaSting li completed, the proUminarv roasting of the ores ia^^Ukewise 
hood IS removed, the converter tipped, and the omitted, ‘d’ho materials are mi^''^Mth 
agglomerated mass allowed to fall so^^e distance . calcined gypsum and water and after the 
m order to break it up. Su^ a converter takes*, mixture has set it is broken up into small pieces 
a charge of 8 tons. , „ ^ i submitted to the pot-roasting process. 

^ To start the operation, a bmall fire is lighted | The chief shortcomings of these processes 
m the convertor and some hot, partly-roasted ! are that they are discontinuous, and the 
, ore added. A low-pressure blast is turned on, capacity of the converters is small. Only a 
and then the mam bulk of the ore, which m&f be comparatively thin layer of the ore is being 
either hot Irom the reverberatory roasting, or I oxidised at anv particular moment, the maih 
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bulk remaining inert, either in an oxidised or 
unoxidised condition These disadvantages are 
avoided in the down-draught method of i)wight 
and Lloyd, the essence of which is that a thin 
layer of fine ore is exposed to the air and the 
process IS continuous, the roasting iscjuickly 
accomplished, the capacity of the machines is 
considerable. 

One typo of mi^t'hine, in which the operation 
«is carried out, is shown in Fig. 14. It consists 
ofj,a continuous series pallets, 42 inches wide 
by 24 inches long, composed of cast-iron grates 
with inch spaces. In the course of their 
revolution the jiallels pass beneath the charging 
hojiper wifl fcccive the moistened ore, whicli is 
s])read about 4 indies thick ; thence they Jiass 
to the fire-box where the surface of tlic charge 
is jgnited by tiamo pointing downwanls, and 


then to the suction- box, where the roasting 
is effected by air drawn through the charge. 
Finally the roasted ore is discharged automa. 
tically at the end of the machine by the fall 
of the pallets to the lower track ; the empty 
pallets return in course of time to the hoppers 
and the cycle of operations is repeated. One 
complete revolutieJh is made in about 46 minutes. 

For the efficient working of this process, the 
sulphur in the charge sliould not gxceed 18 p.c. 

In the treatment of concentrates, either pre- 
liminary roasting in a reverberatory is necessary, 
or tho»concentrates must bo diluted with poor 
ores bobire being roasted by the Dwight-Lloyd 
process. By the adoption o^a ckiuble roast, ^ 
either in Huntington-Heborlem and JJwiglit- 
Lloyd converters, or in a double set of the latter, 
it has been found possible to avoid reverber- 
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atory roasting and dilution ; sulphur is reduced 
to 2^3 p.c., and m the subsequent smelting the 
yields of m%tto and slag are small. 

The chemical reactions taking place during 
blast-roasting have been the subject of much 
speculation and discussion. The conversion of 
lead sulphide into lead oxide is the reaction of 
prime importanoe#and,thi« is geneAlly assumed 
to be the result of the inti^action between 
sulphide and* sulphate, as expressed in the 
oquati^ ; 

^ PbS+3Pb804==4Pb0+4S0a • 

It may be noted that a similar reaction occurs 
when barium sulphate is heated in the electric 
furnace, the process being one Which might bo 
termed, by analogy, reduction-and-roaction. It 
is likely, however, that some oxide is formed 
by direct oxidation of lead sulphide. There are 


few actual and possible constituents of the 
converter charge which have escaped the 
suspicion of acting as catalysts in Wie oxidation 
of th?5 lead sulpliide,* though it cannot be 
said that tho claims ^ most of them as 
oxygen-carriers aro well CBtablished, Most 
of the controversy on this subject has been 
centred on the functi(Jli of the calcium com- 
pound^. When lime or limestoAe is present, 
there is evidence from the glowing of the charge 
on gently heading that reaafcion with galena 
takes place, the result being, apparently, the 
formation of calcium sulphide and lead oxide 
(carbon dioxide being liberated when limestone 
is used). I’he oafcium sulphide is then rapidly, 
oxidised to oalcuim sulphate, though by what 
apney is not apparent. The resull is, however, 
that no matter what compound of calcium is 
i^d, the oxidation of the ore is effected, for tho 
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^ea’doi: in presence of calcium sulphate. 

The facilitation of the roasting-prooess by means 
of this compound has been demonstrated {see 
W. M. Hutchings, Eng. and Min. Joum. Oct. 
IdOS). It will be clear that, apart from the 
possibility of calcium sulphate acting as a 
catalyst, there are many pcssibilities of reaction 
among the oxides, sulphides,* and sulphates of 
lead an# calcium, especially in presence of 
atmospheric pxygen. That some reaction be- 
tween sulphide and sulphate of lead, like that 
which is the basis of the roasting and reaction 
process, takes place is evident from the produc- 
tion of prills of metallic lead {see W. R. Ingalls, 
Amer. Inst Min.^ng. July, 

Of the secoiicto’y reactions which occur, par- 
ticular mention should be made of the formation 
of silicates of hmc and calcium by the intcr- 
IPrtion of silica with lead oxide, leJU sulphate, 
and calcium sulphate. In the last two rq,ses, 
sulphur trioxide is ewWod and the pasoage of 
this, at a high temperature, .through the charge 
has undoubtedly a powerful oxidising action on 
the unaltered galena (Hutchings, /.r.). 

The possibility of blast-roasting without the 
addition of calcium compounds indicates that 
though tliese may facilitate the reactions, they 
are not essential to the effective oxidation of 
galena, but that the conditions of air-feed pecu- 
liar to the converter-])rocess are jirimarily re- 
sponsible for the efficiency of this process. 
•Mention should be made, too, of the mechanical 
effect of the added materials, whatever their 
nature may be, in keeping open the charge, and 
preventing premature agglomeration of the ot(\ 
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struoted of oast iron, each segment being pro- 
vided with an aperture for the tuyere and also 
pipes .for conveying the cold water and for the 
outflow of the heated water ; h h, ring of angle 
iron, riveted to the outer case, serving for the 
support of the shaft during the repairinj^ of the 
lower part of the furnace ; i i, blast main of cast 
iron ; k, ring of iron 8up]»ortcd by the lour cast- 
iron pillars / / ; w, cast-iron cylinder, flanged at 
the top and inserted into the mouth of the|> 
furnace, in order that the fume and waste gases 
may be drawn off by pil^o n ; o, chajgiflg 
floor; outer iron easing of the furnace. The 
water-jackets are | of arvincli in thicknfes, and 
are riveted to angle iron 2i| inched by.g inch ; 
s s are side plates oviulapping by 2£ inches top 
and bottom; /, pipc.s for s^ipplying cold water ; 
and a, pipe for tho outflow of cold water; 
tuyeres, which arc 2,' iii< bes in dfameter. 

The diameter "1 circular furnaces varies 
fropi atiout 36 to 60 inches, the smaller being 
j used for powdery, tic larger for lumpy ores, 
i The number of tujTrc vanes from 8 to 24, ami 
j the blast jiressu re fro ^1 J(lto .^)0 ram. of mercury. 

I 4'hese furnaces arc liniitcd in diameter by the 
, range ot penetration of the blast, wliicli is about 
. 36 inches, 'J'hoy arc ehii ily used in small works, 
j and esjiecially in Eurojic All modcni ones arc 
' fitted with the Arendts' ot automatic syjihon 
tap, which will be dese- jcd presently, aid they 
I are usually hoslicd foj Uu' better utilisation i j 
j the heat and redue gases and the more 
j uniform descent of llaj charge. 

I The rectangiiJaj fiirnnee is develojied from 
I the Raschotto ami, bceausc of its great eapacit}. 

' is the one almost universally usfd in America, 

I where immense (|Uantitie.s of low-grade ore are 
! available. 'J’he breadth of tliese furnaces is 


There are^ two types of blast furnace in 
general use, the roun^ or circular and the rect- 
angular. The fim^t is exempUlied by the Rilz, 
the second by the Raschette furnaec. An old 
form of the Pilz is represented in the aeeif.n- 
panying diagram (Fig. 15). It is 25 feet Jiigii, 
4 feet II inches in diameter at the tuyeres, 
gradually widening to 6 feet 7 inches at the 
throat, and is sujipliod with 8 tuyeres. 

a is the hearth bottom, composed of four 
courses of bricks, the lowest of common brick, 
resting on a circular plj^te of from 1^ inches 
thick, then three courses of tire-bricks, all 
encaseijL in boiler-plate, made in segments 
screwed together and further strengthened by 
hoops of wrought iron ; 5, i hannels extending 
through the nrickwork Qnd open at both^ends ; | 
these channels, 6f which there ore twr, at j 
right angles, allow of the escape of moisture ; 
c c, brickwork forming the inner and upper part 
of the hearth ; r/ r/, brickwork ^ *f the boshes ; | 
c" c", brickwprk forming the shaft ; d d, the I 
tap holes, of which there are ft^jir ; e v, two j 
slag lips, along which the slag flows into the 1 
slag pot p, conSsting iff a cfst-iron conical 
vessel ; / /, blast pipes, the horizontal portions 
of which can be moved to and from the tuyere 
holes ; the vertical portions are supplied with 
a sliding screw bv means of Vnieh they may be 
moved up apd down \ g g g are wrought-iron 
water-jackets made in sections, the construction 
of which is shown in detail in the accompanying 
illustrations. Water-jackets may also be ooiP 


I limited for the same reason as ii> the ease of tlie 
I circular furnaces, hut the length can vary^ within 
' wide limits. The dimen.sions the smaller 
, furnaces are about 42 by 84 iiij^hcs, the larger 
I ones 48 by 156 inches ; an extreme size is 62 
I by 212' inches. A view of the lower part of 
I one of the larger furnaces is shown in Fig. 16. 
I’liis fuimace is fitted with steel water-'jackets. 

Fig 17 shows a drawing of a complete 
modern rcetaiigulur furnace, of which the 
following is a brief description : 

d'he shaft of the fhrnace, a, is made of brick 
and carried a mantle ring, resting on four 
columns. In this arc four charging doors, n, 
at the feed level. Idle toj) is enclosed by a hood 
closed by a damper, and the fumes arc drawn 
off into the fume chambers and bag-house by a 
pipe (not shown in the figure). The height of 
the shaft is 16-20 feet. The zone of fusion is 
enclosed in water-jackets, c, from 3|-(i feet high. 
The u^.o of these, and also of cold blast, prevents 
undue volatilisation and hinders corrosion of 
the hotter parts of Ubo rfiirnftco. The blast is 
supplied at a piessuro of aboui^ 130 mm. of 
mercury and enters the furnace by 14 tuyeres, D, 
each 4 inches in diameter, which pass fjjirough 
the water-jackets and are distributed along the 
two longer sides of the furnace. As a rule, there 
I re no tuyeres in the end jackets. The tuyeres 
arc fed from a blast main, e, the connections 
being well seen in Fig. 16. I’he lower part of 
the furnace or crucible, p, is built of fire-brick 
and magnesia brick, surrounded by brasque 
and securely hold by enclosing iron walls and 
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^d-plate, A ohannel 6-8 inohes square leads The furnace is worked with the craeibk fulfil 
from the crucible to the outside of furnace in the molten lead, and the metal naturally stands 
middle of one of the longer sides. This opens out at the same levef in the basin as in the crucible 
into a basin and constitutes the automatic tap, a. The lead may be run oif in a continuous stream’, 
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ir it may be ladled from ilie basin as requii-ed. is effected, and the cooling which would result 
The advantages of this method are that the from emptying the crucible entirely is obviated, 
inhealthy operation of tapping is avoided, The^ distance of the tuyeres above the level of 
jqmplete separation of lead from matte and slag the lead bath is about 12 inches, and is so 
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arranged that the heat is sufficient to keep the 
lead molten. Between the lead level and the 
tuyeres is a slag tap, H, from whidh slag and 
matte are continuously discharged. They are 
collected in settlors or forehearths, sometimes 
heated by a lire, and the matte tapped off from 
the slag. Such a furnace will put through 
150-250" tons in 24 hours, with a coke consump- 
tion of 12 p c. of the charge. 

• The charge for b]ast-furnace smelting con- 
sis^is in general of oreaiand mattes, roasted by 
the fhethods already described ; earthy and 
sihcioust materials either derived from the ores 
or added to produce the desired slag; slags from 
previous ‘operations, in amount up to 20 p.e., 
which are added partial to recover values present 
in thorn, and partly to facilitate the furnace- 
rultning ; and coke, the usual fuel and reducing 
agent. Sulphide ores rich in silver arc generally 
added direct to the blast-furnace chai%es, in 
order to obviate the loss of silver which wotld 
occur during roasting. ^Tle lead -content of the 
charge varies considerably; 10-12 p.c. is usually 
regarded as a minimum ^•onsistent with the 
effective action of the lead as a solvent or vehicle 
for the silver; 50 p.c. of lead is not uncommon, 
and the average may bo put roughly as 20 ]).c. 

Great care has to be exercised in the selection 
t)f materials to produce the slag. Barron fluxes 
are avoided if possible, silieious silver ores and 
iron ores from the go.ssans, which usually contain 
some lead and precious metals, being utilised 
where available. The objects aimed at af-o to 
produce a raonusilicate, mobile wh(^ molten, 
and having a s|Xgr. of 3 ‘5. Analyses of slags of 
proved merit arc given in the following table : — 


lFo,Mn)0 

(Ca,Mg)0 

HIO. 

.50 

12 

28* 

40 

20 

30 

• 33 

24 

33 


No. 1 is the Meilierg typo and is ^specially 
valuable for charges ricli in zinc. Slags rich in 
zinc should be highly ferruginous and corro- 
spondinglv poor in Iirne. The amount of zinc 
shv)uld not exceed 15 p.c. (reckoned as oxide). 
According to Hutchings (Kng. and Min. .lourn. 
Oct. 1903), zinc is present in slags in the form of 
silie&to (willeraite), zincifofous magnetite, and 
zinc spinels. Alumina in slags shoijld bo kept as 
low as jtossiblo. Jflags, to be ‘ clean, Should carry 
less than 1 p.c. of lead and 0'00I6 p.c. «f silver. 

An outline of the chemical reactions which 
take place in the blast furnace, in so far as these 
are responsible for the production of most of the 
lead, has already been given (v. p. 50). This 
may bo amplified by a brief consideration of the 
part which the silicates play in the process. 
Silicates of lead, iron, and calcium ma;^ be 
already present in, the ms^rials cHarged. In 
any case, the decomposition of limestone and 
the reduction oWerric to fertous oxide, by carbon 
monoxi^ furnish bases which unite with silica 
dn ^0 zimie of fusion. Lead silicate may also 
be formed by reactipn of lead oxide and silica. 
Complete reduction of oxide of iron by carbon 
yields the metal. Lead silicate is reduced by. 
metallic iron, but it is not decompdised by lime ; 
lime, ho wev er, displaces ferrous oxide from ferrous i 
silicate, and as the ferrous oxide is in turn reduced 
to iron, this becomes available for the decompo- 
sition of lead silicate (and lead sulphide). The 


net result of these reactions is the production of 
metallic lead an^ a slag free from lead silicate. 

Other metals present in the charge are also 
reduced and pass to some extent into the lead, 
and it is, of course, all-irnportant that the pre- 
cioiis metals should bo very completely dissolved 
in that medium. I'oppcr is largely recovered as 
sulphide, CujS, in the matte, though^ome is 
invariably taken up in the metallic form by the 
lead. Arsenic is partly volatilisdtl and partly 
combines with iron to form a speiss which 
carries some copper, lead, and- silver, and 
practicMly all the nickel and cobalt jjresont. 

The products of the blast furnace are lead, 
matte, speiss, slag, and flue #ust. * 3'he lead, 
known as work-lead or base-bullion, is almost 
always hard and impure, and is submitted to 
refining andi desilvcrising processes, which ape* 
described later. 9’ho matte separates from the 
slag fn t^ie settler or foreh^th. Its sp.gr. is 5-9, 
and should be at least one unit greater than the 
slag, otherwise complete separation is difficult 
to attain. Mattes usually contain 10-20 p.c. 
of load, along with some copper, the composition 
varying within wide limits, as may be seen from 
the following analyses : — 

Composition op Mattes. 


Okcr Przlbram Laurium Dapto 


Iron 

. 30’5 

41-3 

50-8 

4()T) 

Lead . 

. 5-1 

11-2 

7-7 

16-4 

Cop])cr 

. 10-8 

1*5 

1-8 

3-9 

Zinc 

. l(V3 

11*5 

7-6 

6-4 

Sulphur 

. l()-4 

22-2 

21-8 

26-0 


Mattes always carry ^some silver and gold, but 
silver is relatively more soluble in them than 
gold. They *810 roasted and added to blaat- 
furnace charges, whereby the iron becomes 
available for slagging and reduction purposes, 
and a new matte, enrichei^in copper, is formed. 
When the copper- content riset to 10 p.c., the 
mattes are roasted down to 3-4 p.c, of sulphur 
aiK^then smelted with liquation-residues and 
silieious copper ores. After enrichment to 
30-40 p.c. of copper, they are usually sold to the 
copper smelters and treated for copper by the 
converter, or some other, process. 

i^petsft is formed in blast-furnace practice 
only when the charges are rich in arsenic or 
antimony and iron. It^s essentially an arsenide 
(and antim%nide) of iron, carrying some silver, 
a relatively large amount of gold, some lesid and 
copper, and practically all the nickel and cobalt. 
Except in isolated oases, the last two metals 
are of i^o imjiortaiice in i/last-furnace products ; 
a speiss rarely contains 5 p.c.*of them. Some 
Freiberg speisses, however, have more than 
double this amount. 

The composition of speiss is illustrated by the 
following table of analyses (values, per cent.) ; — 

t ^ 

OoMTOsmoN OE Speisses. 


Praihram 

Laurium Madvllle 

Freiberg 

Silver 

0-037 

0011 

0-008 

0-077 

Iron . 

01-3 

63-8 

60-6 

17-8 

, Arsenic • 

18-5 

20-7 

31-6 

23-4 

Antimony . 

2 -4 • 

— 

— 

G-5 

Lead 

1-7. 

0-5 

1-6 

n-2 

Copper 

1-9 

0-6 

0-4 • 

24-3 

Nickel and 
. cobalt 

}2-2r 

— 

0-1 

11-3 

Sulphur . 

^ 9-6 

4-0 

6-8 

3-6 
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Speiss is desilverised by smelting in the blast 
furnace ; copper passes into the matte and 
nickel and cobalt are concentrated in the new 
speiss. I’hiis, a raw speiss containing 6 p.c. of 
nickel and cobalt and 0‘H1 p.c. of silver yielded 
on smelting a now speiss containing 16 p.c. of 
nickel and cobalt and only p*05 p.c. of silver. 
Rich .sp^sses may be roasted with pyrites, when 
the arsenic is volatilised as sulphide, and the 
residues smeR-od with silicious additions in the 
blast furnace. 

ha\T already been considered with 
re.spect to their com])ositi()n and fitness*for the 
•smooth running of furnace work. The clean 
separation of .slaij» frijin matte (and .speiss) is of 
great importance, and depends largtdy on their 
relative fluidities and specific gravities. Matte 
^dissolved to some extent by slagj. acidic slags 
mssolving Jess than ba.sie, and calcareous Je.ss 
than ferruginous sla^ e 

Flue dust . — 'the methods for the collection 
and treatment, of this will be de.scribed later. 
'I’he wa.ste gases from the blast furnace contain 
5-10 p.c. of carbon monoxide', and 1.T20 pc. 
of carbon dioxide, the remainder being chiefly 
nitrogen. 

The loss of lead in the blast furnace is variable, 

7 p.c. on the dry assay being con.sidercd .satis- 
factory. The loss of silver is very small by this I 
method, whereas in the roasting-and-reaction 
process the average loss is about 1-5 p.c, 

^J^he basis of the modern American and 
Australian practice of lead-smcltmg i.s bla.st 
roasting' of ores, eitlier by the Huntington- 
lieberlein orDwight-Lloyd methods, either .singly 
or combined. TJiis is sometimes preceded by 
roasting in cylinders or revorbe^'atories and is 
followed by .smelting of the roasted ore, with the 
addition o^ suitable fluxes, in rectangular, 
water- jacketed furnaces of large capacity. 

Jn order to, illil^trato the prineij/les and 
method.s described above, some cxamjiles of 
blast-furnace smelting will now bo considered. 

Exami’lks op 8 melting . 

Smelling at (,'laustJiaL—AH an examjde of 
the practice of the ‘ iron precipitation ’ process, 
the treatment adopted at (Jlausthal may be cited. 

The ores are dressed and supplied to the 
smelter in the form of schlicg, having the 
average composition • 


Lea'H . 

Silver . 

Copper m . 

Zinc . . , . • 

Antimony . 

Iron . , .* 

Sulphur 

Alumina . . « 

Lime • . 
Insoluble residue . 


. 50 7 to 73 6 p.c.i 
. ()-555 „ 0-185 „ 

. 0-02 „ 0-6 „ 

. 0-3 „ 4-> „ 

. 002 „ 0-3 „ 

. 0-4 „ 3-7 „ 

. 8-5 „ U-2 „ 

. 0-07 „ 1-5 „ 

. 02 „ 1-4 „ 

. 5-0* „32-l „ 


^ # 

The furnaces are circular, 2% feet high, 3 feet 
in diameter at the tuyeres, and 6 feet at the 
throat ; they are furnished with 4 tuyeres. 

The charge consist of sr^licg, lime, roasted* 
lead matte, slags obtained^ in smelting ore, 
and slags cfbtained from the smelting of matte, 
together with Oker slags, the^residue left in the 
wet extraction of copper ores. These two last- 

^ Karl, Orundriss der Metallhuttenkunde, p. 60. 


named materials supply the iron required for 
the reduction of the lead ore, the former as 
silicate, and the latter as sesquioxide. 

The following is an example of the com- 


position of the charge : — 


• 

Cwt. 

Ore 

100-00 

Lead fume ...... 

1-01 

Lead .s(Tapings from the 8nie]4.ing house . 

0-63 

Roasted lead matte . . , . 

47-51i 

Se.hlicg scra.j)ings from th^ Charging floors 

l;2l 

Okcr slags ...... 

•iO-OO 

Slags from the .same process . 

3-70 

Matte slag.s. . . 

42-00 

Slags from .schliog .smelting . * t . 

54 00 

• 

310-06 


The products obtained are Work-lead, l^ad 
matte, and a slag containing some lead. 

analyses of the work load are given in 
the following table : — ■ 


Lead 

98-8378 

9S-9L48 

('o])])or . $ 

0-1862 

0-2838 

Antimony . 

0-5713 

0-7685 

Arsenic 

0-0009 

0 0074 

Bismuth . 

0-0039 

0 0082 

Iron 

0-0035 

0-0028 

Zinc 

0-0025 

0-0028 

Nickel 

0-0023 

0 0028 

Cobalt 

0-0006 

0 0003 

Cadmium . 

trace 

trace 


99-6130 

100-0414 

Tlie lead is refined at I.auti'ntbal, or, if it 

contains sufficient silver, is 

de.silvrrisod by 
liver content is 

]*arkes' process. 'Fbe average s 

0-14 p.c. ^ 

'Fhe b)llowing analy.sis gives 
of the lead mat te ; 

the comjiosit ion 

■ 

Sulphur 

t 

26-877 

Ir6n 


53 112 

Lead 


10(;55 

(bpper . 


4-620 

Silver 


6^030 

Antimony 


0-267 

Arsenic . 


— 

Zme . ,, 

Manganese 
( 'oba|? and nickel 


2 110 . 


0-385 

« 

0 306 

IJmc 


0-383 

IVfagnesia 


0-054 

Silica 


0-510 

• 

99-309 


The matte is roasted in heaps and then 
smelted in the ore furnace. When the copper 
con^nt exceeds 6-7 p.c., the roasted matte is 
smelted in •a low bl# st furrqice with slags from 
ore smelting and coke. 'The work-lead from 
this operation contains 0'4 to If) p.c. of silver; 
the matte is again roasted and smelted until the 
oopper-Gontent rises to 20 p.c., when it'% treated 
for the extraction of copper. 

Smelhug at — The ores containing 

70 p.c. of lead are mixed with limestone and 
sand and roaftod in the Dwight-Lloyd machine. 
The roasted material contains 58 p.c. of lead. 
1000 parts of this are mixed with 180 of fer- 
ruginous slag, 50 of spathic iron ore, 400 of 
slags from the same operation, and 100 of 
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various lead-bearing materials. This is t^en 
smelted in rectangular blast-furnaces, 40 by 148 
inches at the tuyeres. Each furnace has 19 
tuyeres and smelts 250 tons of the charge in 
24 hours, yielding 70-80 tons of lead. The 
slags carry 2 p.c. of lead. 

Smelting at Trail (British (^olnmhia ). — The 
chief ores are sulphide, which are mixed with 
lead matte and limestone so as to have the 
following composition : — 


Lead 

* Eerric oxide 
Limestone 
Silica 
iShlphur . 


. 40-44 p.c. 

. 10-1 :i 

. 7-10 

. H-11 

. 14-17 


This'mixiure is roasted in revolving hearths so 
as to bring tho'suljjhur down to 8- 9 p.c. Jt is 
then further desulphurised and sintered by 
blast-roasting in Huntington-J-leberlein jibts, of 
which there are 24, each 8 feet 8 inches in ma- 
meter. 'Fho charge for the blast-furnace is 
made uj) of 8.) parts of the sintered material, 
2-5 of oxidised l(‘ad ores ami siheious gold and 
^llve^ ores, ami 12*5 of c()k(*, the average lead 
content being 40 p.c. ami the suljihur below 
4 p.c. This is smelted in rectangular blast 
furnaces 45 by 1(50 inches at the tuyeres, the blast 
pressure being ,32 o7s. and the height of the 
column above the tuyeres 171 feet. The output 
of work-lead per day from each furnace is 75 tons, 
and the cotnj[^osition is shown in the following 
table : — 


Lead *, 

Copper . 

Zinc 

Bismuth 

Antimon/ 

Arsenic^ 


. 98-5 

. 0-22 
. 0-098 

. 0-013 

. 0-32 

. 0 28 



The base bulliort carries 100 ozs. of aiJvcr and 
0-1 oz. of gold per ton. It is cast into anode 
plates and relincd olectrolytically by the Betts’ 
process. , 

riio slags carry 1 p.c of lead and 0*4 oz. 
silver per ton, and have the following percentage 
composition: {Ee,IVIn)O--24-30 ; (Ca,Mg)() = ]8- 
20 ; * ZnO:^7-12 ; AlgOg-^B-lO ; Si()2=^31-33. 

Smelting at Freiberg . — The oreia are partly 
native and jiartly foreign, the latter being 
chiefly Canadian. They are classified according 
to tlieir composition, and their treatment 
depends upon this. Ores containing over 25 p.c. 
of sulphur ifre roasted at the sul[)huric acid 
works, the lump ore in kilns and muffles down to 
3-6 p.c. of sulphur, the lines in Schiittofen down 
to 8 p.c. of sulphur, tlalena, containing over 
30 p.c. of lead, and leady ores with 10^-30 p.c. 
lead are mixed witji rcyistad fines, *and other 
materials, and roasted either in long-bedded 
calciners or Huiflington and Heberlein pots. 

The r^erberatories are 54 feet 6 inches long, 
wide ; they put through 12 Wns in 
24 hours, the separate charges being 1'6 tons. 

1 he charges consist of 2-1 parts of galena and 
leady ores, 1-2 of dry silicious ores (containing 
less ^an 10 p.c each of lead and Sulphur), and 

2 parts ofy roasted fines, and they are divided 
into rich ores, carrying 0-£M)-7 p.c‘ of silver, and 
poor ores, carrying Ori-0-3 p.c. of silver. The 


composition l>eforo and after roasting is given 
in the following table— 


Lea3 Zinc Copper Sulphur Silica Silver 
^ ^ (p.c.) (13 c.) (p.c.) (p c ) (p.c.) (p.c ) 

{ Before 

roasting 24 — 0 5 12-5 22 0 48 

After 

roasting 2G — 1-0 4-3 24 0 (54 

I Before * 

roasting 30 7 — 8-4 1^2 0 09 

After 

roasting 33 11 — 2-8 23 011 


The converters for blast roasting hold 2*3 
tons. Jioasted fines are added to the ores 
instead of limestone, and the charge for pre- 
roasting is made up of 2-4 jijarts* of galena, 
0*9 of dry ores, and 1-5 of roasted fines, and 
averages 36 p.c. of lead and 14 p.c. of sulphur. 
This IS roasted in rotating furnaces, the sulphur 
being rcducdll thereby to 10 p.c and the roastiJu 
pruejpet mixed with 50 p.c. of the ore-mixture 
and again roasted in Huniiington and Heberlein 
conv-^erters ; in this way the sulphur is brought 
down to 3 p.c. 

For smelting, circular furnaces of the Pilz 
type are used. T’he largest of those arc 36 feet 
high, 6 feet 6 inches diameter at the tuyeres, and 
8 feet at the throat ; there arc 20 tuyeres, and 
the blast pressure is 10-15 mm. of mercury. The 
charge consists of the roasted ore mixed with about 
two-thirds of its weight of slag from a previous 
operation, 2 p.c. of burnt ]3yrite8, and small 
amounts of dry ores. 1’ho consumption of fuel 
(coke) is about 15 p.c. of the charge. The work- 
lead contahis 0*5-2 jj.c. of silver ; the matte-fall 
IS about 10 p.c., and the matte contains 20-25 p.c. 
lead, 6-10 p c. of copper, and 0-l-0*26 jj.c. of 
silver; the slags carry 4-6 p.c. of lead and 
0*015 p.c. cii silver. It is characteristic (Jf 
Freiberg practice that no attempt is made to 
produce clean slags. They aie re-^oltcd with 
roasted matte and leady Tidditions, the latter 
being added m such quantity fls to yield suffi- 
cient lead to keep the new matte poor in precious 
metjils. After one or two slag-sraeltings, a 
clean slag is produced which can be thrown away. 
A typical analysis of such a slag shows : lead, 
1-2; silver, 0*001 ; copper, 0*3; zinc, 9-12; 
ferrous oxide, 50 ; and silica, 30 p.c. 

Smelting at Broken Hill. — 4’he concentrates 
treated by the Associated Smelters’ Proprietary 
Co. contain^OO p.c. of kmd, 15 p.c. of sulphur, 
and 20-25 ozs per ton of silver. Two processes 
for roasting the concentrates are used. • 

1. The ore is mixed with ground limestone 
and ironstone, moistened and charge^ on to the 
Dwight^loyd machine. J^heni^ it is conveyed 
to the rolls, ground and moistened and roasted 
again in a similar manner. * 

2. The ore-mixture, as above, is roasted in a 
Ropp furnace, 14i6 feet l^ng and 14 feet wide. 
The roasted material is charged hot intc 
Huntington aneLHcberleiii converters of 10 tons 
capacity, and air blown throjj^gh at lbs, 
pressui-o. The lintered mass is tipped and 
broken up and is ready for smelting. The out- 
put of 3 Ropp roasters, 20 converters, and £ 
iDwight-Lldlyd raac^pnes is 600-550 tons a day. 

The roasted ore is smelted in rectangula] 
blast furnaces 17 fdfet long, 4 feet 6 i»ches wide 
and 26 feet high over aU. Three of these art 
used, and they arS capable of putting througl 
1200 tons of total charge a day. The charge 
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conawts of roasted and sintered ore, ironstone, 
limestone, slags from a former smelting, and 
coke. The daily output oi base bullion is 400 
tons, containing 40-50 ozs. per ton of silver, and, 
in addition, copper (0‘5 p.c.), antimony, and 
arsenic. The slags are clean and amount to 
750 tons a day ; 20-25 tons of fume are con- ; 
densod every week by bag-liltration, and this 
is collected and re-smelted to recover lead. 

Though somewhat premature, an outline of 
the method of treating the base bullion will bo 
given here for the sake of completeness. The ; 
base bullion is run into a dressing furnace and j 
the copper removed. The dross amounts to ; 
6 p.c. of the jvallioii and contains JO p.c. of 
copper. The bullion is then tapped into an i 
improving furnace of 05 tons’ capacity and ! 
drossed for 12 hours. The antimonial slag , 
•^0-7 p.c. antimony) thus produced* is smelted m 
a reverberatory furnace and yields a rich^^ slag 
containing 12-13 p.c%of antimony ; this is then i 
smelted in a blast furnace for antimonial lead. I 

3'he purified bullion is submitted to l^arkes’ ! 
process. 'Phe first zincing extracts the gold, ' 
the second yields a crust containing 1 500-2000 
ozs. of silver per ton, and the third reduces the 
silver in the lead to 0'4 oz. per ton. The de- 
silverised lead, containing 0'5 p.c. of zinc, is ; 
refined in a softening furnace for 12 hours, and 
yields market lead of the composition : lead, 
99'9917 ; silver, 0'0012 ; copper. O’OOOi ; zinc, 
O’OOl ; antimony, 0 OOG p.c. 

The first zinc crust is irndted in a reverbera- 
tory furnace with litharge derived from the | 
oupellation process. Zinc is converted into 


oxide which forms a ‘ slag with the litharge ; 
this is removed and smelted in the blast furnace 
j to recover lead and silver. The lead is tap^ied 
from the reverberatory into a dosilverising pot 
' and again treated with zinc. This yields a 
crust enriched in gold. The alloy is distilled in 
graphite crucibles to remove the zinc and the 
residual gold-silver-lead alloy cupelled for dorti 
bars which contain 2 ‘5 p.c. of gold. ’I’he gold 
is parted by sulphuric aoidj and the silver sul- 
phate reduced to metal or a cupel with fine coal, 
the metal being 993 finb. ' • 

The second crust is distilled and yiekfs zinc, 
which is used again in the process, and^Jistillery 
bars containing 2500 ozs. per ton of silver. 
Those are cupelled for silver. 

3’ho third crust being poor in silver is use d 
for zincing fresh base bullion (The Metal In- 
dustry, May 11, 1917). 

• 

« SOI'TKNINO OF HaIU) LeAD. 

'I’he lead obtained by smelting contains 
variable quantitiei| of the precious matals. 
Loads from Missouri and Wisconsin, for example, 
are almost free from llioin, whereas the silver 
and gold in some bullion -leads is worth more 
than the leatl which contains them. In addition 
to the ])recious metals, work-lead contains a 
number of base metals, most of which make the 
lead hanl, unfit it Ifir commercial purposes, and 
render the profitable extraction of silver an 
impossibility. The following analyses of work- 
load illustrate the nature and range of the chief 
impuritift i : — 


Origin 

English (VWiardalc) 

German (Freiberg) ^ . 

Spanish (Magart-on) 

„ (Orcellitana) . 

Greek (Lauriura) 

Turkish (Balia Karaidini) 
American (Tombstone, Arizona) 
Mexican (Torreon) 

,, (Magapil) 




Per cent. 



Ozs 

per ton 

Pb 

Cu 

Sb 

As 

]fi 


Ag 

Au 

99*87 

0*015 

0*05 

001 

0 001 

0*015 

7 

— 

9()*G7 

0*94 

0 82 

0*28 

0 (KIG 

0*20 

18fi 

— 

99-20 

0*22 

0*20 

0 15 

()*0()4 

Oil 

9 

0*00 

98*92 

0*15 

0*4U 

0*21 

0*005 

0 fo 

45 

— 

98*27 

0*75 

0*55 

010 

0 010 

0*08 

45 

0*07 

98*:J6 

0*35 

0-.50 

0 23 

0*058 

0 22 

62 

0*17 

98*50 

0*22 

0*32 

0*28 

0*013 

— 

^00 

0*10 

95*40 

0*08 

1*80 

1*30 

0*050 

0*35 

300" 

1*50 

95*72 

0 09 

2*50 

0 90 

0*030 

0*32 

105 

0*42 


There are also, on occasion, small quantities of 
tin, zinc, iron, nickeb and cobaV^ jirescnt in 
work-load. Almost all of these impurities have j 
a d^eterioiis effect on the desilvorisation jiro- 
cess, arsenic being one of the worst in tliat 
respect, ^d their removal is eonsequently an 
operation of gy^at importance. Many of them 
are more easily oxidised than load, and ca.i thus 
be eliminated by oxidation of the molten metal, 
the oxides forming a dross on the surface. 
Bismuth and coi)per%are not^o easily oxidised 
as lead. Copper, however, forms an alloy of 
fairly high melting-point, and«can tlfiis bo re- 
moved by '^ilquation. The elimination of 
bismuth is a very diflScult matter ; fortunately, 
its effect on the properties of lead is not very 
harmful for most purposes whei^ jirosent in 
moderate amounts. In tJ(j/B Pattinson proce.^b 
(/^.v.) it is retained in the rich alloy and passes 
eventually into the litharge* when the rich alloy 
is cupelled ; it can be completely removed only 
by the electrolytic method of refining. In 
general, then, the pitrification of work-le«td is 


brought about by^drossing the oxidisable im- 
purities, i^firoccss known ^as ‘improving’ or 
‘ softening.’ When the work-lead contains 
much caqiper, dressing is preceded by liquation. 

Liquation is carrieil out at a low toraporature 
on a hearth witli sloping bottom, J-he lead drain- 
ing away into kettles, leaving the liquation- 
residues rich in copjier. In Freiberg, the fur- 
naces are 5 feet 8 inches by 5 feet G inches ; the 
Iiq 4 iation residues contain all the sulphur, 
9G p.c. oi the nickel and cobalt, 93 p.c. of the 
copper, and 25 p.l.'. (if the arsenic which \^ere 
present in the base bullion. -.The analysis of 
these residues show : load, G2*4 p.c. ; copper, 
17*97 ; arsenic, 2 32 ; antimony, ^*98 ; tin, 
0*04 f nickel and cobalt, 1*09. They are tacated 
by smelting either in small cupolas with low- 
grade matte, or in blast furnaces with galena, 
the copper ijeiug recovered in the matte. 

The improving or softening is effected in a , 
reverberatory furnace. A simple type, which 
was at one time the standard pattern, consists 
of a cast-iron pan which forms the lead bath. 
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Ib is about 2 inches in thickness, 10 feet loilg, 
6 feet 6 inches wide, and 10 inches in depth. 
AH the angles of the casting are caretully 
rounded to prevent breakage by expansion or 
contraction, and the softened lead is drawn off 
by a hole bored in the bottom, near the outer 
edge, which is stopped by a well-fitting iron 
plug held in its place by a weighted lever. I 
'I'his type of furnace is usually made to hold j 
from 8 to 12 tons <ff molten lead. The fireplace i 
IS about 20 inches wide, and has a length equal i 
to "tl^ width of the calftt-iron pan, from which 1 
it is separated by a bridge 2 feet wide. The ; 
height the furnace above the pan at the j 
bridge end is 16 inches, and at the other end 
8 inches. * [ 

U’he charge is intrc^uccd either in the form , 
of pigs or is first melted in an iron pot set in 
brickwork at tlic side of the furnace, and subse- j 
quently ladled into a sheet-iron gutter, by which | 
it IS convoyed to the furnace. This kind ()f j 
furnace is easy to erect, but is too small lor i 
present-day conditions whore largo throughput j 
is required. Modern furn{|f.'e8 are much larger, j 
and have the lead bath built of brick usually i 
set in d wrought-iron pan. They are supported 
on rails and hold up by buokstays. 'rho i 
bottom of the furna <!0 is built of a layer of I 
brasque, and the hearth is rectangular ; the I 
size varies according to roquiroments and the I 
sides are sometimes water- jacketed ; the 
heaHli slopes to the tap-hole, which is rammed 
with clay or furnished with a tapping plug. 
There are usually two working doors oir either 
side of the furnace through which the lead is 
charged, and l-hrough which the scums are 
withdrawn. The size of the fire-grate varies 
considerably. Many smelters prefer small ones, 
which, though lengthening the period of dross- 
ing, reduce the losses by volatilisation. » The 
capacity of thqse furnaces is 50 to 300 tons of 
load. 

In the sufteiilng process, the molton lead is 
submitted to the action of heated air, whereby 
the easily oxidisable impurities are converted 
into oxide% which, floating on the surface of the i 
balli, are removed by a perforated slammer ; in 
this way a fresh surface is constantly exposed to ‘ 
oxidation. The progress of the operation is ! 
judg’ed by taking a sampleUi a ladle and casting i 
it in an iron mouj^l ; when the drcji^siiig is com- 
plete the surface presents a peculiar flaky 
crystalline appearance. The improved or 
softened lead h then tapped into an iron pot, 
from •which it is ladled into the pig moulds, or 
is run from tfie furnace by a movable iron gutter 
into a aeries ot pig moulds placed in readiness in 
front of the furnace. It is then ready for de- 
livery to the desilverising plant. ^ 

When the work-lead contains tin. this is the 
first metal to be oxidised.aml the oxide separates i 
as a powder. T^s is followed by the arsenic and ' 
then the antimony dross, each of which is 
liquid ; metals are present as arsenate and 
antgnonate of lead. These stages are, h(*wover, 
aot clearly defined, but merge into one another. 
T removal of these impurities is 

^omtated by the addition of li^argo to the 
bath, and becomes apparent by tlio change in 
appearance from the dark oily dross of lead 
antimonate to the yellow scum of litharge. 

The course of the drossing is illustrated by 


j the following partial analyses of Freiberg 
; drosses : — 

1 First tin Second tin Arsenic Antlicony 

I dross dross dross dross 

(liowder) (Ifiiuld) 

I 8nOa . 14*7 12*2 O-b 0-3 

' AsgOg . 0‘9 11-2 J6-2 4-0 

SbaOg . 12-5, 18-6 8 5 32-2 

I’lie duration of tlie jirocess at Freibeif is 2-14 
days, and the yield of refined lead 75-85 p.c. 

Drosses from the improving furnace are 
melted in a reverberatory furnace with a little 
coal, whereby some lead is liberated and this 
desilveriscH the dross ; the residue is smelted 
in blast furnaces and yields an i^jipure antimonial 
lead. Much of the arsenic is volatilised in the 
blast furnace. 

• 

Desilverisation ojt Soet BiJLLTojsf Lead. 
•methods used iiijirfie extraction of the 
silver from soft or improved lead vary according 
to the silver-content of the lead. Low-grade 
leads are submitted to a concentration-process 
and the rich alloy thus obtained is cujielled. 
The oonoentration is effected by the Pattinson 
process, or some modification of it. High-grade 
loads are cupelled ; if fairly rich in silver, they 
are melted, stirred with zino, and the alloy of 
zinc, lead, and silver which separates on cool- 
ing is worked for silver. This is the Parkes’ 
process. 

The concentration of silver in poor silver- 
bearing load is founded on an observation made 
by Hugh Loo Pattinson, of Newcastle-upon- 
Tyne, that the crystaJls wliich first separate from 
a molten alloy of silver and lead are poorer in 
silver than tno residual alloy. This discovexy 
was made the basis of a patent by Pattinson, 
for ‘ An improved method of separating silver 
j from lead,’ the date of, the patent lieing 
October 28, 1833, and at tluf meeting of the 
British Association held at Newcastle- upon- 
Tyi.o in 1838 the process was described by the 
originator. 

The behaviour of a molten silver-lead alloy 
on cooling is similar t-o that of a salt solution. 
The freezing point is lowered proportionately to 
the amount of silver dissolved, pure solvent 
crystallises out and the mother-liquors become 
enriched ii^ the soluty with the progress of 
crystallisation, until finally a stage is reached 
when the residual liquor freezes as a whol4 at a 
constant temperature. This is the eutectic 
point. The alloy then has the lovvwst melting 
point ^d further concentration of any con- 
stituent by the process of crystallisation is im- 
possible since the composition of the eutcctio 
liquid and the crystals derived from it is the 
same. » ^ . 

The melting point of pure lead is 327° 0. ; the 
eutectic* mixtuie of lead and silver melts at 
303°0. and contains 2-5 p.c. ^silver (about 
900 ozs. per ton).* In pfactioe, tnia limit of con- 
centration is never reached, the enrichment not 
exceeding 1 '75 p.c. of silver, i.e. 650 ozs. per ton. 
•Further, i^is impqgsible to separate completely 
the crystals of pure lead from the freezing alloy, 
since they always ^arry with them mecbanicolJy 
some of the silver-boaring mother-liquors. To 
obtain, therefore, effective oonoentration of 
silver it is necessary to repeat the operations 
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several times, so that the process becomes, in 
fact, one of fractional crystallisation. 

'J^hese considerations naturally apply only to 
pure silver-lead alloys. ’'J’ho presence of foreign 
metals disturbs the crystallisation and con- 
centration processes in various ways. 

Copper, arsenic, and antimony have the 
curious effect of making the crystals of lead 
small, CO that they are difficult to drain and 
thus carry silver with the retained mother 
hquor. Zinc, if present, acts as in the Parkes’ 
process, carrying the silver into the first fractions : 
and thus rendering the jirocess inoperative. 
Bismuth and nickel remain almost entirely | 
(copper to, some CAtent) in the mother-liquors 
and so pass on to the cupcllation process with 
the rich alloy. 

Fait I, monmrig, Falfi tuiotutge, ]*aUi )if>on i rcn. 
'J’he operation is conducted in large cast-iron 
hemispherical jians, capable of holding O-JO 
tons of molten lead The small C-ton ])otB arc 
now rarely used, and in some establishments 
})ots capable of holding 18 tons of lead arc em- 
ployed, the larger size requiring 1-hc use of , 
cranes in working the ladles. A senes of nine j i 
to twelve of these jiots is placed side by side i 
in a line and resting on brickwork sup])orts. 
Each pot is provided with a separate fireplace, 
the healed gases from Avliich are eondueled 
round the pan by a circular flue and thence | 
pass into a flue running the whole length of 
the pots by which the gases arc conveyed to the 
chimney. In addition to the large pots, there 
are sometimes smaller ])ots placed at the side 
between the larger pots, and heated by a , 
separate fire ; these serve to hold some melted | 
lead for the puriiosc of iieating and cleaning the ' 

1 idles. Along both sides of the erection in , 

which the pots are built is a jilatform on which | 
the workmen stand. The j)ot at one end of the 
scries is smaller than tlie others, being about i 
two-thirds the i,ize. This is called the waihi ' 
pot ; the poor lead jiasses to this pot and is run 
thence into the ]Mg moulds. The tthcr j 
apparatus used in this jirocess consists of ])er- 
forated ladles made of iron 4 inch in thickness ; j 
when worked by hand the ladle is M> inches in ' 
diameter and 5 inches deep, the holes being | 

I inch in diameter, whilst when cranes are used 
the ladle measures 20 inches in diameter, 

0 inches in depth, and^the holes ^ of an inch. 
The handle of the ladle is 0 feet <>*inches long, , 
and I an inch in thickness. In addition to the 
ladle, a chisel-pointed bar or slice is used in 
stirring the lead. , 

Fig. 1^ shows tlic Jirrangemoni andgnode of i 
setting a range 8f jiots. i 

'I'he method of working will be best under- 
stood by supposing the lead to be treated con- j 
thins some 20 oz. of silver to tl\e ton ; the metal ! 
in the form of jiigs is’ charged into one of the ' 
pots about midway between the niarkeC jwt and ; 
the rich pot, the fire is sot on and the lead j 
melted ; on niftlting tjfae surface of the metal ! 
is covered with a layer of dross, Avhich is care- i , 
fully removed by a ladle and the fire then ' 
withdrawn. Water is sprinkled onHho surface^! 
of the molten bath to proiA'ote cooling, and as | 
the metal eoola a cake is for/ned on the surface, i 
which is detached and broken up by means of J 
the slice, and the pieces stirred into the liquid. ' 
As the cooling proceeds the mass is kept con- I 


tirWally stirred, and after a time crystals begin 
to separate at the bottom of the pot. These are 
removed by means of the largo perforated ladle, 
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irhich is plunged into the liquid and tlfen 
radualJy raised, the side of the pot serving as a I 
ulcrum ; the ladle is raised until it is completely ' 
lut of the bath and is brought into a tilted 
tosition, and the crystals allowed to drain. 
Vhon drained the contents of the ladle are 
ransferred to the next pot on the left, sujiposing 
he market pot to be at the left extremity of the 
ange. This operation is repeated until two- 
hirds of the origina^eharge has been transferred, 
■he remaining thirc^ which represents the 
nr^ihed alloy, is traiirferred to the next ])ot 
)ti th? right— or. toward the rick pot. The rich 
>ottoms#as they are called, contain about 40 oz. 
)f silver to the ton, and any lead that may be 
>11 hand Ifaving a siniilar silver content is added 
’() tlie enriched bottom*;. The poorer load from 
his single operation contains about 11 oz., 
ni(h similarly any lead to hand of this assay 
s added to the metal obtained b}^^ this operation. 

^ second eliarge is next iiitroduetal into tite pot 
11 whieli the lirst operation was conducted afld 
he separation effected, as before, into poitrer 
ead and enriched bottom.^ the former being 
iransferred to the lidt lianTl and the latter to 
lie next [lot on the right. 'I’lie poorer lead 
s similarly treated, and from it a further 
piantity of still poorer lead is produced, which 
s pa.ssed on to tlie next, jiot to the left and so 
m until the lead which ri'aehes the market jiot 
joiitaiiis only 10 dwt^. (jf silver per ton ; the 
mriched lead meanwhile makes its way to the 
'ich pot, but in the richer pots the sejiaration 
s less coni])lete than in the poorer one.s, and 
he enrichment is not so rapid. In, working 
he last pot, aft(*r two-thirds of the metal in the 
hrm of crystals have been transferred, the 
jiinched bottoms, jiartly li(j[uid and jiartly 
lolid, are jires.scd with the baek of the ladle. 
ITic fluid portion, •richer in silver, runs through 
blio hole* in the ladle and is removed by an 
ordinary ladle. * Working in this manner a 
market lead is olAained at one end of t^ie range 
ill winch the silver is reduced to the amount 
already stated, and at (he other end of the range 
is producecyead containing from (iOO (o 700 oz. 
of Miver to the ton, beyond which it is not 
possible to push the concentration by this 
tnethod. 

In the above descriptiin it has been as- 
sumed that the method of thirds the high 
Bystem is erapioyefi. ^Jdiis is the iiilthod most 
Usually adopted in jiractice, but for •special 
purposes the low system or method of eighths is 
Sometimes used, in which seven-eighths of tlie 
dontents of the pots are transferred to the 
poorer pot. In some works the method of seven - 
bighths is used for ‘ riohing up ’ rich leads to the 
i^finery grade of about 600 oz. In the seven- 
^ghths system the lead should treble itself 
te assay at each operation, Jlmt this^is seldom 
|he case. In the two- thirds system each opera- 
lidn is supposedCo result in the doubling of the 
JSiiver ctintent of the lead, hut in practice tins 
pnly obtaiiTs with leads ranging downwards from 
Iboiit 50- 00 oz. of silver per ton. 
h At each melting of the load the metal is 
pxidised and a layer of dross formed on the sur- 
face. rhia is removed by skimnfing and the 
dresses collected for future reduction. With 
^ 20'OZ. lead, the amount of drosses formed is 
m p.c. of the weight of the metal. The con- 
.VOL. JV.— T’. 


tinual droasing of the metal naturally effects a 
purification of the lead, as the dross produced 
consists not only^if load oxide, but also of the 
oxides of other easily oxidisable metals present. 
The value of the Pattinson jiroccss as a means 
not only of enriching the lead, but also of 
])iirifynig it, is shown by the fact that lead to bo 
used for white-lead making is frequently 
pattinsonised, although the amount silver 
present may bo very small. Purtlier, copper and 
iron are both separated with the silver in this 
process when the amount of copper does not 
exceed 0-025 ji.e. 

The Jlozan ftroce-<ts or Paltimonising hy 
'itcam . — 'rhis process was introduci'd in the 
works of Luce and Rozan at dVTarseilles, and 
was first practised in England at Cookson’s 
works on the 'fync. In this system steam under 
pres.^-'uro is loreod into molten lead, and by 
the continual agitation of the mass .produced 
111 this manner the prodiiriion of crystals poor 
in silver is favoured, and the separation of an 
enriched fluid lead facilitated, ('ookson was 
inclined to tlie ofiinion that the steam serves a 
second purpose, ])roducing a chemical effect and 
aiding in the oxidation of the antimony, copper, 
iron, and arsenic, and other oxidisahlo metals 
present. This oxidation may be due to the air 
carried into the pot by the steam. In any case 
rich leads containing as much as from a | to 
£ p.c. of foreign metals may bo treated by this 
system without having been previously softened. 
The following is the description of the jilant and 
mode of working taken almost verbatim from 
Cookson (Trans. Newcastle dhem. Soc. 1878) : — 

The pot marked ji (Pig. 19) is simply a 
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melting-p()t,*and the lower pot c is tho working, 
or, as it is commonly called, the crystallisin^Iiot. 
To illustrate tho working, we will suppose the c 
pot contains 14 tons lead crystals from^ previous 
operatioy, assaying, say, ^ oz. of silver per ton, 
and the m pot 7 tons original *lead of similar 
silver content already melted ; a moderate fire 
is set away in the firegrate of the o pot, and the 
contents of the ^ pot ar^ skimmed ; tho hot 
load from the pot m is then run on to the warm 
crystals ki tho a pot, and, with the assistance 
of the moderate fire already referrej^o, the whole 
contents of this pot (now 21 tons) are rapidly 
brouglit into a melted and working condition, 
when tho charge is carefully skimmed ; the m 
l^ot is at thft same time charged with 7 tons of 
load containing abdfit 40 oz. silver per ton of 
lead, as this will Ub the assay of thn crystals 
resulting from the operation shortly about to 
commence in the o pot. 'L’he fire under this pot 
is next drawn, and a small fire under each of the 
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tapping spouts is set away, the object of this 
being to prevent the lead setting in them when 
tapping out the rich lead lajtcr on. 8team at 
6(K66 lbs. per square inch is next admitted 
through the valve v, and is distributed evenly 
through the pot by the baffle plate h ( Fig. 20). 



Fo hasten the cooling and consecpient crystalli.su 
tion, thin streams of water are allowed to run on 
to the surface of the lead. 'I’his might be thought 
to cause the lead to set on the top, but the violent 
action of the steam entirely prevents this, and 
a more perfect crystallisation is cflectcd than 
can be obtained in the old Pattinson process. 
When the vtorkman sees that the charge is 
ready, when about two-thirds arc in crystals 
and one-third liquid, ho' taps out through spouts 
at either side of the c pot the rich liquid lead, 
the poorer crystals being retained in the jiot by 
perforated plates. This, liquid lead is run into 
moulds containing Sk tons each, and the blocks 
(fts they set are lifted out by craned and arranged 
in a semicircle, where they await their turn to be 
again operated on This jirocess of (crystal 1 1 sing, 
as in that of Pattinson, is rejicated until the 
crystals are sufficiently poor in silver not to 
require further treatment, when, being fit for 
market lead, they are melted and run int# jjigs 
of the usual size, or into .‘U -ton blocks, according 
to the purpose for which they are required ; the 
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rich lead is worked up until its silver coptents are 
of the stan^rd fit for the refinery. A large 
portion of tn^foreign# metals contained in the 
original lead is skimmed off in the state of 
oxides ; those from the richer charges are very 
dark in colour, some in fact almost black, owing, 
to the impurities containeh, while those from 
the poorer charges have the yellowish colour 
proper to the oxides of lead. Some, however, 
are carried off up the funnel above the o pot, 
with the escaping steam, and are deposited in | 


thb condensing chambers, of which there 
are several of large size. The dust contain^ 
80-86 p.c. of lead oxide, a considerable amount 
of copper and antimony, and small quantities 
of arsenic, iron, and other metals. 

In the accompanying illustration of the 
plant used in the Rozaii process, Fig. 22 is the 
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I ])hin of a battery, Fig. 10 i.s an elevation along 
1 th(5 line s t. Fig. 20 a section along a lino u V, 
and Fig. 21 a section along the line x Y. 

The following table gives the silver assays 
of twelve crystallisations taken from an average 
of 350 operations ; — 

• 

OuiKva piT ton oi 

_ 1 __ 

570-»15-202-ll2 5-62-38 75-19 5-10-5-2 6-]45-U rtwts 

(lookson summarises tlie advantages of the 
Rozan system as follows ^ • 

‘ 1. The entire saving of the cost of calcining 
all ordir^rily hard loads, and a very largo saving 
in the ease of especially hard leads. 

‘ 2. A cost lor labour not exceeding ono-lifth. 

‘ 3. A cost for fuel of about two-fifths. 

‘ 4. A saving of one-third in the oxides pro- 
duced, which advantage any lead manufacturer 
will fully appreciate. 

‘ Its defects are-. 

‘ 1. A l^fgo capital crutlay. 

‘ 2. A constant expense in repairs and re- 
newals.^ 

At Omaha there is a modification of the 
Rozan process, introduced by Tredinnickf The 
pots, of which there are twelve, Tiold 60 tons, 
and each is supported by hydraulic rams, so 
that it can be raised and the lead or enriched 
allj^ run into a neighbouring pot. There are 
two outlets to each pot, one fitted with a strainer 
I for runnuTg off thft allpy f»om the lead crystals, 

I the other having a free run for pouring out the 
I re-melted crystals. Heating iffby gas, which is 
burnt in brick-lined jackets under the pots and 
the njolten lead is stirred with steam, as the 
Rozan proce.ss. 

One advantage of this method is that the 
tapped lead does not require re-melting. Much 
time and laffour are thus saved. The operation 
is done in about 40 minutes. 

Newnam, in America, has recently adopted 
the Tredinniok method for the removal of bismuth 
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from lead rich in that metal, and has been able 
to reduce the bismuth content of the lead to 
about 0*03 p.c. 

The ParJces Process . — The method of de- 
silverising lead by means of zinc is now very 
widely used. It has practically replaced all 
other methods, and is especially advantageous 
with leads rich in silver. Patents for this process 
were granted to Alexander Parkes, of Birming- 
ham, in the years 18^0, 1861, and 1852; and 
in J85y the method was put in practice at 
LlanSUy. It was subsequently tried at I'arno- 
witz, an^, owing to the difficulties experienced 
in its working, finally abandoned at botli places. 
The chiof«difilcultie8 were (1) the removal of the 
zinc from the desilveri^ied lead, which could not 
bo performed sufficiently well to make the lead 
maiketable ; (2) the separation of the silver from 
the zinc alloy was attended by considerable loss ; 
(3) the recovery of the zinc from the ricH lead 
was somewhat difficult to accomplish. ThAe 
difficulties have now been in great part overcome. 

In brief outline, the pracess consists of the 
following operations : Zinc is dissolved in molten 
argentiferous lead. A light alloy, rich in zinc 
and containing most (jf the silver, rises to the 
surface, solidities before the lead, and is removed 
as a solid crust. From this crust the zinc is 
recovered by distillation and the residual lead- 
silver alloy is cupelled, 'fhe dcsilveriscd lead 
contains a little zinc (about 0-6 p.c.) and is 
refined to produce market lead. 

The relations to one another of the tlTrco 
metals concerned in the process niorj^^ further 
consideration, fciilver mixes in all proiiortioiis 
with lead and zinc ; lead and zinc, however, 
are only partly soluble in each other, the 
degree of solubility increasing with the tempera- 
ture. Thus, if enefUgh of each metal for mutual 
saturation bo mixed (in the molten eondition), , 
separation into* two layers takes place, the j 
upper consisting ttf zinc saturated wi(Ji lead, | 
the lower, of lead saturated with zinc. J^’or | 
example, if 10 parts by weight of lead and 1 
of zinc are i^ixed at a temperature of 350°, the 
distribution of the metals (p.c.) in the two layers 
is as follows ; — 

Lead Zinc 

Upper layer . * 

Lower layer . .. w-9 0’5 

• « 

Now, ii silver be added to the molten lead 
and zinc, it is distributed between the two layers, 
dissolving preferentially in the zinc, so that the 
upper Ihyer contains most of the silver. The 
following table* (C. R. A Wright, Proc, Roy. 
Soo. 1892, 60, 390) shows the composition (p.c.) 
of the two layers in three experhnents with the 
triple alloy ; — • 



Upper la^er 

^ X.owft: layer 


Lead Zinc 
. 3*1 58*0 

Silver" 

Lead 

Zinc Silver 

1 . 

38-9 

96*7 

2*0 1*3 

2 . 

. ‘**4 61*6 

45*0 

96*4 

1*9 1*7 

3 . 

* . 4*2 40*9 

54*9 

93*2 

1*3 6*5 


In example 1, the lead, zinc, and silver arc 
'mixed in the proportion by weight 5:3:2; 
a simple calculation from these data shows 
that the weights of the two layers are practically 
identical ; now the ratio of silver in the upper 
and lower layers is 38*9 : 1-3, that is, 30 ; 1 ; 
)or, ^n other words, about 06 p.c. of the silver 


has passed into the layer rich in zinc. Similar 
relations hold ii^ the other two examples and 
generally. The practical utilisation of this 
behaviour of the alloys in the desilverisation of 
lead is rendered possible by the solidification of 
the upper layer at a higher temperature than 
the lower one, so that the crusts, rich in silver, 
can be ea.sily removed from the still •molten, 
partly desilverised lead. 

It will be evident that complete desilverisa- 
tion of lead by this process is impossible ; but 
if the exti-action with zinc bo repeated two or 
three times, the amount of silver romaiiiing 
in the lead is commercially negligible, being of 
the order of ] oz. per ton. 

Under .similar conditions of treatment, gold 
behaves like silver, but is even more readily 
taken up by zinc, so that by using a small 
quantity of zinc in the first treatment the gold 
can tf(i ^ineentrated in tb# first crust and re- 
moved, leaving the bulk of the silver in the 
residual lead; (>.</. 200-“300lbs. of zinc added to a 
35-ton charge removed nearly 2 oz. of gold per 
ton of lead, along with the copper. The clean 
separation of the rieli alloy from the lead is, 
of course, impossible in practice ; much lead 
is carried mechanically with the crusts, even 
when these aro squeezed in the Howard press. 
Poor crusts arc often enriched by adding them 
to fresh baths of silver-bearing lead. The com- 
])osition of a suitable crust for distillation is 
generally reckoned at 80 ji.c. lead and 20 p.c. 
zinc and silver. An actual anal^'sis of a crust 
may be quoted as typical : 


Lead . t 
Silver ^ . 

Zinc 

Zinc oxide . 
Antimony . 
Arsenic 
Copper 


70*30 p.c. 
3*06 
19*34 „ 
2*05 


2*05 , 
MI , 
I)’73 , 
2*25 , 


• 99-43 „ 

91ic relatively largo amount of copper shown 
in this table is an indication of the ease with 
which that metal is extracted from lead by 
means of zinc. In this respect iib stands on a 
level with the precious metals, and its presence 
is undesirable, as it increases the consumption 
of zmc. ArsSnic and antimony have a similar 
effect, so that lead has to be thoroughly refilled 
before treatment by Parkes’ process. 

'riic process is carried out in cast-j^’on pots 
or kettlesjj each separately* fired, bplding 26*60 
tons of lead. Two of these, worked alternately, 
aro used, and two smaller liquating or draining 
pots for the reception of crusts are generally 
arranged alongside of theqj. The diameter of 
a 30-toii pot Ls about 9 feet, and the depth is 
3 feet 4 inohes. "^yiien it is customary to syphon 
the molten lead, the depth of the po^s naturally 
limited by the height of the barometric column 
of lead. 

The lead is usually run direct from the 
softening fuiliace and skimmed in the pot, 
though some desilverisers prefer to cast the 
softened lead into pigs and re-melt these in the 
zinoago pots, since, thereby, better liquation 
and removal of copper is effected and zinc is 
economised. 

The metal is heated sopiewhat higher than 
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forming a receptacle for the molten metalK. It 
has been proposed to mould these tests by ])reHses 
worked by hydraulic power. » The test before; 
use is allowed to dry in the air for some time 
and then })laced on an iron vvaygon mid run into 
position under the furnace; it is then wedged 
lightly against an iron ring built in the masonry- 
'J’he tin' IS next lighted, and the test slowly 
heated, mo as thoroughly to annoni it. Wlien 
perfectly dry, the tenijicruture is raised to a dull 
redness and the test is (died with lieh lead, I'he 
lead is first covereil by a greyisli dross, wliieli, 
as tin' b'lnjieratiire uses, gradually gives plaei' 
to litharge. 'I’lie blast is now turned on and 
the oMdatn'ii of the lead takes place; the 
litharge ja'odueed is blown by tlie blast to the 
intmth of th(‘ leliiiery and floM's over t.lu' gate 
intio an iism j>ot, [ihued below. 'J’ln'si* iron |iots 
ar(' huilt on wlu'els, and when Idled ‘with litbargi' 
are romovi'd ; the cake of lithargi' is easily 
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tbtaehed after cooling, and is '.-’ubserjiu'iitly 
ro^luei'd. as will lx* described later on As the 
oxidation pMci eds, fri'sh lead is addeil to Mio 
test, and if a large ^^toek of rich hanls Inut' to 
be treated, then*’! In* n'lining is onls eondueled 
sufficiently far to produce an enru hed alloy, in 
whieli the silver amounts to about 8 p c ni the 
contents of the test. The eonceiitrated aigen- 
tiferons lead is tapiu'd into an iron pot. run (ui 
wheels, jilaeed ninh'r the test, bi'tl, which is 
pierced by n dull, \^dlen the enricheil load has 
been run off, the hole is made nj) with a ])edet 
of bone ash ke|)t in it.s place by an iron plate, 
and another charge is . introduced By this 
removal of the eniielK'd li'ad, distrilmtion of 
silver* through a large i|uantitv of litharge is 
avoided. The rich lead i.s finally reJined m 
another test. The end of the itpt'ration is 
indicated by the dp[)earane,e of the .surfeee, the 
brightening of trie plate, as it is called ; the 
blast is then turned off and the firr' removed 
from the grate. The silver i.s u.sually tapjied out 
into ingot.s direct, through a ho’e ni the bottom 
of the test. In some cases the jilate of silver 
is allowed to .sot, and when this Fas taktui jilace 
the werlges lire wdthdrawm and the test is 
lowered on to an iron waggon, by which it is 
removed and allowed to cool. The plat<'. when 
solid, 18 detached from the test, and brushed 
with an iron brush to remove litharge, slag, or 
material from tin; test. 

In an orrlinarv refinery 4-5 owt. of lead can 
be worked off in an hour with a fuel consumjition 
of tk 7 cwts. of coal per ton of lead oxidised. 
The plate of silver varies in weight from 10,000 to 


20,f>00 07.., and is usually pure, containing about 
90-7~99-8 p.c of silver. The test bottoms are 
saturated with litharge and contain some silver ; 
they are usually broken up and those portions 
free from leail jiickcd out to be used over again, 
whilst the remainder is smelted in a blast furnace, 

T/if (icrmnti 

In (lermany the rich argentiferous lead is 
cupelled in a furnace knowfl as the Tiv^bofm^ 
con.sisting of a reverberatory furnace with a 
circular hearth, and having a fireplace at. •ne 
suh'. 'I'Ik' bott.om of this furnace is not movable, 
as m the Fnglish refniery, but comj^xsed of 
firebricks, on wdiieb lies a Rf)lid Htraluni of 
.slsL', ami tins again is <>overcd by a ebating of 
marl, well bi'aicn down wntli iron rammers. 
'I’lu; bott.om is ri'gularly hollowa'd out from the 
sides towards the middle, w'here a hollow is Put 
about mi inch deeji for the recf'ption of the 
I .silver. 1'he laya'i' of marl is roncwa^l for each 
operation. A dome ot iron, plastered over with 
marl, covers the bed, and is moved as required 
l>V means ol a erane 'riiere arc five openings 
into the .side of the furnace, one serving to 
admit th(‘ flaim* from the fireplace, two smaller 
ones, near togeiber. tor th(' t uyi'i’cs by which the 
blast of air is forced on to tlie surface of the 
metal, and tlie litharge jirodneed is blown towards 
a foiirlli o])cnnig, by which it c&ca])es in a fusi'd 
state, 'riie tuyi'ies are usually providi'd wilh 
valves, ' hulim’tlies,' wdiich serve to dithise the 
I blast over tlu' surface of tlic im'tai. 'I’lie fifth 
ojKuiing into the furnaei; is provided for the 
iidroductn'u of the lead. In wmrking with 
umsoftenod load the eliaige foi* oiu' ojieration 
consists of about 5 tons of tiH'tal, some three- 
fourths of wlneh IS introduced into the furnnee 
before lighting iiji, fhe reniaiiYler being added 
from time to time as the cupellation proceeds. 
Mneh larger charges arc treated^ wlion ihftened 
li'ad i.s used. 'I’hc mode of wmrking is aarfollows : 
the eharg'^ of lead, in the form' of pigs, is piled 
u]) in the middle of the hearth, and covered 
wnth wood, which is ignited by throwing on to 
it some burning charcoal. The iron dome is 
next let d(Avn and luted all round with clay. 'Flip 
blast IS turned on and the lire in the grate made 
up. In the course of 3 or 4 hours the lead has 
melted down and IP.e batli i.s covered by a 
layer of droiji' , which is dark in colour and con- 
SLsts of a mixture of the oxides of the metallic 
impuritivs contained in the lead, and is called 
ihe ahzng ; it is raked out at the opening for 
the romovnxl of the litharge. After the rcinoval 
of the (\hzmj the surface of the metal becomes 
clearer, and in a short time acquires a peculiar 
circular movement ; the dross now rising to the 
surfijeo is purer and more fluid than the ahz^ig. 
This second product forms what is kiuiwn as the 
ab<ttrich, anS is an ii ipure Idhargo, which, as it 
IS produced, flows through channels cut in the 
breast of the furnace. The temperature is kept 
sufficiently high to maintain the ahslnch in a 
state of fluidity. The formation of ahstricb is 
succeeded by the production of pure litharge, 
which flows out of the furnace through the 
channels already mentioned. After the litharge- 
stage has commenced, the remainder of the 
metal to be cupelled is added in small portions 
at a time ; the pigs of lead being so placed that 
the lead gradually melts and leaves behind the 
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more refractory abzng unmixed with the metal. 
The full charge of metal having been added, the ^ 
oxidation is continued and the temperature i 
maintained sufficiently high to keep the silver i 
in a molten state until the greater portion of 
the lead has been oxidised and the bright metal- 
lic surface of the molten silver is observed. The 
blast is then turned off and the fire is damped 
down ; water is al^) thrown on to the metal to 
harden it, and the cake of bhckstlber is with- 
drawn from the furnh(^ and freed from marl, 
litharge, <Sro. 'I’lie blicl'silbrr contains from 90 
to 95 of silver and is refined in a small 
reverberatory furnace, the bed of which is 
made of*bono ash, or some material serving, 
like bone ash, for the ajisorjition of litharge. 

The oupellation of a charge of 10-15 tons 
of h*ad lasts from 70 to 80 bouis, and the loss of 
metal amounts to 9-(l ]).e. 

>• 

llEDirCTlON OK LlTirARClE ANT) I’OT 

The lithnrge produced in the eujiellation 
of argentiferous lead, and Un^ drossi's fornu'd in 
the Pattinson process, are reduci'd in this 
country in n reverberatory furnace, the sole of 
whu'h slopes from lli<' (ire-bridge to a jioint 
near the flue, wlu're an iron guttm*, built in the 
furnace bod, servos to convey the molten load 
to an iron reoi'ptaele outside the furnace. I’ln; 
reducing agent is coal. 'Phe sole of the furnace 
IS prepared by covering it with small coal which 
is ]iartially coked by the lieat, and thus a 
])nrous covering is formed on the brickA^ork 
of the furnace bottom. On to this, sole the 
litliarge brokei'K into Jumps ami mixeil with 
coal is thrown. The fuel and the reducing gases 
m the furnace soon etfect a reduction of the 
litharge, and the molten lead trickling thioiigli 
the porous mass* gradually finds its way into 
the metnl gutter, by which it is conveyed to the 
metal p(^l. Th1‘ charge is turned over from 
time to time, ami when the reduction is com- 
pleted the residue, termed rtmlrrs, is raked out. 
The litharge cinders, together with other lead 
refuse, such as test bottoms, arc srnelteil in a I 
cupola, slag* hearth, or blast furnace. I 

'I’hc lead produced by reduction of lit harge | 
is Softened and desilveriscd when necessary, i 
and since the litharge ju^is'lueed towards the 
completion of the cupollatioii is richer m silver 
than that formed* in the earlier ^ages, it is 
frequently reduced apart from the re«t, and 
yields a load containing from 70 to 100 o/.s. of 
silver per ton. According to Kohlmeycr ((’liom. 
Zeit 1912, 3tt, 1079), silver dissolves as oxide 
in litharge ; the solubility is 3-(> p.c., and the 
melting-point of the litharge is reduceil 45^ 

Refining lend by ehctrolyn^. — A process, due 
to Keith, for refining lead by electrolysis, was 
in use at New Yorl^ for so^ie yearsj* but was, 
apparently, not a oom'Vnercial succe.ss. 'I’he 
anodes were made of furnace lead, the cathodes 
of pure lead, and the electrolyte was a solution 
of lead si/Tphate in ammonium acetate.^ The 
battf'was heated to 38°. The lead bullion con- 
tained 180 ozs. of silver per ton, the refined 
lead only 1 1 grains per ton. 

Amongst other electrolytic methods of 
refining lead that devised by Betts is of special 
interest. The electrolyte is a solution of lead 
fluosilioato, a stable salt, easily made and very 
readily soluble in water. On electrolysing the 


solution of this salt, there is no formation of 
lead peroxide or^ other compounds which give 
rise to polarisation. The electrolyte is made by 
percolating broken quartz in a vat with 35 p.r. 
hydrolliioric acid. 3’he resulting hydrofiiiesihcic 
acid is then allowed to act upon white lead ; 
load fluoride and lead sulphate settle out. The 
eleoirolytc is made to contain 5 p.c. of^lie lead 
fluosilieate and 1 0 p.c. of free hydrofluosilicic acid, 
ft loses strength slowly and has to be made iqi 
weekly by the addition of fresh solution. Lead 
is deposited at the cathode in crystalline form, 
and as the crystals grow they are apt to cause 
short-circuiting; further, the mesh^of crystals 
encloses electrolyte ami thus ?enders the lead 
im[)ure. 'I'liis is obviated by the addition of 
a little gidatine to the bath ; a compact deposit 
I is then obtavied of a high degree of jmrity. 

At Trad, B.C'., where the method is employed, 

I there* ai^ 4(18 eleetrolytio ^plls made of cement 
and lined with asphalt, with a capacity of 109 
' tons of lead a day. The anode slabs are cast 
at tlie blast furnace ; they weigh 320 lbs., and 
! an* reduced 80 p.c. m weight before melting again. 
'Pho starting or cathode sheets are 39 by 27 
inches and L inch thick, and are made by pouring 
molten lead over an inclined steel plate. Tliey 
are wrapped round eiqipor bars connected to the 
, negative loads, and are taken out and stripped 
I twice during each run. The current density is 1 2 
; amperes per square foot, and the temperature is 
' mamtame(lat30'’-35°by cooling wiili water jiipes. 
The aiKxle slimes contain 8000 ozs. of gold 
and silver per ton, and in addition copper, 

I antimony, bismuth, arsenic, and lead (10 p.c.). 
'I’fiey are washed, jiressed, melted in a small 
I reverberatory* on a basic hearth, the slag* 
! removed, and the dor6 parted by siiljihuric acid, 
d’ho only metals which pass iiito*the electro- 
lyte are zinc and iron, the lattt'r to a limited 
extent. Bismuth remains wlthrflie anode mud. 
'I’hc refined lead is very ]»urc, as ti'stificil by the 
following analysis ; gold, 0'0027 oz. ; silver, 
0 fiJ2() oz. per ton ; copper, 0‘002fi p.c. ; iron, 
O'OOOH ]) c, ; anttmony, 0’0075 p.c. 3’hc 
following table illustrates tdie gathering of the 
silver aiul the iruiainties in tin* anode slimes ; 

19 H- Aiili- 

Orad Copper imith monyArBcnlc Hllvur 

(pc.) (p.c) (pc) (p.c.) (p.c) (p.c) 

Ixiad bullion 87T4 MU 4> 14 4 0 7-4 0 04 

llolincdleud 0 00100022 0 0017 tr. - 

AikhIc slluies 10'13 9’3 0 52 25'32 44'58 ^7 

Viewed as a dcsilverising process, the electro 
lytic method is jirobably suiieriur to any of the 
: others ; jt has the advant^e, too, of eliminating 
bismuth from the lead. (For*further details, 

I .vcr A. (t. Betts, Lead Refining by Electrolysis, 

' .1. Willy & Sons, 1908 ; T. A. Hnkard, Min, and 
, Scient. Press., De^. 23, 39^ 1910.) 

I CpNDEjS’SATION OF LeAD DUST AND FUMK. 

I In consequence of the vohiiili^ of lead at 
, high temfieratures a ccrfiairi proportion of the 
' metal and some of its compounds arc carried 
; away by the heated gases in the operations of 
. ynclting, refining, &o. Most lead ores contain 
I zino and arsenic, *both easily volatile, and 
' readily oxidised metals ; these, therefore, bulk 
largely in the fumes from lead works. Solid 
. material from the ores and fluxes is carried over 
j mechanically in the form of a fine powder, 
j This constitutes the ‘ dust ’ ; it settles out more 
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eaBily than the fume. Naturally, ihore is no 
hard and fast distinction lietweon dust and 
fume, but the latter may be taken, in a general 
way, to consist of the compoundH (oxides, 
sulpliides, and suljiliates) jinKbiced from the 
volatilised metals from Iho furnace charges. A 
certain proportion of silver is always found in 
fume l(jjid, the amount being considerably less 
than in the ores from which it is derived. To 
prevent the loss and minimise the nuisance 
which would arise from allowing the gases ])r<}- 
duced in these vanous ojicrations to jiass direct 
into the chiraiK'v, the furnaces are connecti'd 
with a series of llm's or condensing chain beis in 
which the *gase* are cooled and so deposit .some 
of the solid matti'i' held in susjieiision, hi fore they j 
issue from the chimney. Tlu'se Hues are (‘leaned 
out at intervals, and the ‘fume' e(,>lleet(‘d ; 

'riie rm'thod of fume (*ond< nsatjon usually 
relied on is simjily^o connect up 1 Ih'^suCcII mg 
and other liirnaeivs with long flin's^^of large 
tranMV((rHc area. Jn some estahhshim'nt.s tlu v 
have an aggregate length varying from II t(» o 
miles, and a cross si'ction ol from (> feet h\ 

7 feet to 8 feet hy h'et Sometmu's tlu'y are 
spiral or zig-zag to oconomi.se sjiaee, and hatlle 
walls are interposed to ksigtlien the path of the 
gases ami c.vposo a large' suri,ie«‘ for pn'ei]>itation 
of the fuiiH'. Sheet iron plates, hung loiim- 
tudinally, and jiarallel rows of m’oii vires in j 
vast numhers arc among the nu'thods which 
have been tried, though willi limited sm cess, 
to olTeel jueeipitation of tin* solid jiartuh's 

'I’lu! following ar(' analyses talxcn lioni IV'icv .s 
Metallurgy of Lead (p. 451) of dust and luinc 
from the flues oi the revi^rlu'ratory furnaces and 
^lag hearths at Hagillt: 


Lead oxide . 

4 (*51 

b2 2b 

fb 88 

Lead sulphftdc 

4 87 

1 05 


Ferric ovule and ubninna 

4 lb 

2 00 

10-00 

Zinc oxide .<■>*. 

1 bO 

1 bo 

4 14 

Lime .... 

b 07 

2-77 

()-72 

Sulphuric anliydruh' 

2(; 51 

25-78 

flI4'l o 

Insoluble rc.sidue , 

1012 

1 97 

14-40 

Clarbonacooiis matter 

09 87 

99-42 

2-27 

99 ( u 


'Tlie amount of fliK’-dust ree.overed is 4 ]).e. of 
the ore at IVrtugola, 4 7 p e. at 'I'ami'witz, and 
4-8 p.c at hVeiherg. It iv usually hru|uctt('d with 
lime and elay and adde^. to hlast-furnace charges. 
At JjTciherg, tlie axernge composition is: leail, 
115-4 ; arsenic, 14-1 ; silver, 0*027<> ]).c. Lead 
averages 40 ji.e. in the Hues near the furnaces ; 
it deoreases to .‘10 p.c. and then rises to 110 p.c. 
beyond the povit wlifrc leail oxide is cefndensed ; 
arsenie increnaes regularly, with the distance, 
from 7 to 25 ]).c. 'riie treatment at Freiberg 
depends on the arsenic-eontent. When this is 
below 7 p.e. the dust! 'is bri(]ur'tted and smelted j 
with ore ; when between 7 and 15 j) e. it is roasted | 
before briquetting, and when*b\er !.'> ]).e. it is 
roasted to refMver arsepie an J the residue smelted. 

Jets of steam and vatcr have in some cases 
b(‘en introduoed at different ]>ouit8 in the flues 
with the object of facilitating the fume de- 
position ; but load smelted differ in o])inion tlis 
to the advantages gained by the use of either 
steam or water. Vbirious "devices have been 
proposed to oftect a condonsatiuu of lead fume 
without the n!6o<*8.sity of constructing long flues 
or large condensing chambers. 


I Stagg’s condenser consists of a large rect- 
I angular cliamber divided by partitions .springing 
' alternately from tlie toj) and bottom of this 
j cliamber, leaving free .sjiaees above and below ; 
the lower part of the chamber is filled with 
j water, so that the gases jiass first down one side 
of a jiartition flirough the water, and rising in 
the next eoriqiai'l ment puss over the lU'xt parti- 
I tioii and dovn again throiy'h the wat(*r. The 
gases an' drawn tliiough tlie cliamber by mear¥> 

I of air-pumjis attaehed.pt?) the exit Hue. The 
fume in ils jiassage flirough tlie condenser irjfhiis 
drawn through water and roblied of pip't of the 
sii.sjx'iided soIkIs. 

Stokoe's condenser consists of i worchambci-.s 
div idl'd into scva'ral coinnartments by jiartitions 
winch altci natcly rcai h the top and dij) lielow till* 
'Jiitlai'e ol water at th(' bottom of the chaiulicr.' 
'I'he (haml)cr is duidcd horizontally l)y two 
ilooi-# made of open joists iijion which faggots 
ai ' l;iid. tlni" fornimg lilti'nng beds, whieh are 
wasbed by wati'r in the form of fini'spiav. Tlu' 
gases are fon ed through the i oinpaitment of 
the coiideii^'''r. meet the liiii' spray ol water, and 
])ass thiough till' tillering beiis. when' the fume 
as it collects IS washed a\\a\. When the water 
ha'- rea( bed a ci'rtam height it is drawn off into 
tanks', when' the sola! mattergiadnally separ ite.s. 
In 1878 Messrs. Wilson and French jiatcntcd 
a ('ondi'n.si'f, vlucli was adopti'd at the iSlicflield 
.Smelting ('oinjiany's woik--, and by JVb'.i.srs. 
Ib'VK k and Fartnei.., Linnti'd, ol J l('bburn-ou- 
'I'ync. 'I’Ik' cond('n'^er eonsl^^s of a woodi'U box 
(Kiy Fig 2<). having a slieb mg bottom where the 




* Fiw. 2(1 


solid matter collects, and at the lowest paint a 
tap, h, by which the contents of thl. condenser 
are rlin off from time to time, 'fbe box is'-filled 
with water to tlie level of c. 'Fhe gases are 
forced into the box by a fan, along the pipe h, 
which opens into a chamber g, formed by a 
partition running parallel with the side of the 
box. Below, this chamber opens into a series 
of triangular tubes ?, running across the box; 
these tubes are peHorated above, and through 
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the fine npenini^s the gases are forced into the 
water. Near f lio surface of the water at rf are , 
fixed tliree or four screens made of wickerwork , 
or copper wire, held m jiositioii by the sufijiorts 
c and f. The gases pass out nually f)y tlic I 
pipe j in the toj) of the box, and are (•()nducted \ 
by flues to the chimney. By this ariangenient I 
intimate contact between the water and the ' 
particles of the fume, is insureil. d’he fume ' 
iJoUects in the lower part of tin* box. is drawn 
otT into settling tanl?s, and after removing the i 
gn^fiter jiortion of the water, is dried and ! 
smeltec^ Whth three wire-gauw' screens and a ; 
<!ej)th ot 8;l niches of water, Mr. Breneh states ^ 
that at. t^ie Shellield Hnu'lt.ing Company's woiks, ' 
tlu' (piantity of lead and silver anested amounts 
to from tt“) to US jic.'ol tliat contained in the 
snp)K(' as it leaves the furnace. 1 

Wet methods of fiime-comlensation have ; 
proved unsatisfactory. Becent jtrogress in this 
ii(*ld has been along two lines, viz. • liltra^oii 
ami eleiitrical jirccipitation, t.lie fume in each 
east' being operated on in tin; dry condition. 

The suggestion of IN'i'fy, in 187b, to filter 
the fume through cloth was w'oikisl out on a 
practical scale by Lewis and Bartlett, and has ! 
bemi evtensively di'vclojaal. The filters aie ni 
the form of bags, 110 feet long and 10 melies wide, 
made witii one lateral seam. 'I’h(‘ matiTial is . 
either eotton m wool, the latter being found ' 
luorr' sm'vieeable, esiieeially wlam tlu' natuial | 
oil ami sweat ha\(' not been rimioxed bv wasinng ] 
flumiieds or tliousamls of these bags arcilnmg i 
111 a brick chamber or bag house' ; the toje.i are | 
tied tiLdit, till' bottoms lit lound bole.-, in tli(' ' 
floor of tlie house Cnder 11 m' llooi is a smalh'i 
«haniber into wdiieli the furnnee gases are forced 
liy fans. Tlu' gasi's escape' upwards, aie liltered 
through the bays and jiass inte) the' ope'ii air 
tliroug^i ventilateu’s in the reiof of the bag-lunise 
'riu' fume' is eletkielu'e! freein the' lalirie- peruabe'ally 
either by shakiyg the bags in by (ausimg them 
to eollajise by suct'on. It falls to «lli(' lowi'r 
chamber ami when a layer 2 fe'e't. thiek has 
ceilleeted the furniUH' gases are divi'rted and the' 
peuvder i.s*igniteil liy a small lire. 'I'lii' liiine-, 
e.oulaming much oxidisablc' mali,('r, burns 
easily anil yiehls a grey cinder suitable foi 
siiiejtmg 111 the blast furnace. 

At the Murray Blanl,*fHali, the bug liousi's 
are 2 Hi by IK) fi'ei) and 00 feet Inglk 'I'liere aie 
4000 bags with a surfac'c area of .770,000 sqiuiK' 
feet, which cope with 11)5,000 eubie feet ol gas 
per minute, i.e I c ubic foot of gas jtasses tlirough 
3‘5 s*quare fpet of filter per minute. Big. 27 is 
a diagram of a bag-house at the (llobe Smelting 
Works, IJtali. It is stated that 1000 .square 
feet of filtering surface are neee.ssary, in general, 
for one ton of ore, and the best teinperatim:' bjr 
filtration is variously given as 80‘"120'’C. (iases 
from roasters are ' in >t» suitable for bag-house 
treatment, as tbe oxides of sulphur rot the fabric. 
Tlw life of cotton bags at IJtah is 17 months 
and of vpoolleri fiags 4 years. At these works, 
l*iW p.c of the lead and 0 ()03 p c, of tlw silver 
in the charge are recovered from the bag-house, 
and the fume contains: lead, 52-5; arsenic, < 
14'2; sulphur, .5-4 ; zinc, 3 0; antimony, l-O ]i.e. 

At St. Louis, hearth-smelting yields twie(' as 
much bag-house fume as flue-dust. The burnt 
fume contains 70 p.e. lead and 5 0 p.e. of sulphur ; 
the dust, 02 p.c. lead and IM p.c. of sulphur. 


'Phe lead in those products is combined n.s 
follows (Newmham, loc. nt .) ; 

* Klui' elust Oiirnt mino 


Load sul]ihat.c . 

(I) e: ) 

. 18'1) 

u*.< 
53 e') 

Lead siiljihulc . 

. 55-4 

1 2 

Lead oxide 

. 2 0 

41 5 


The upplicalion of electricity to furru' con- 
densation was suggc'.stcd by Sir (). Lefflgc, and 
its use' patented by Walker. KxjH'nmenls made 
III 1885 by Jlutclimgs, using a jiowcr-drn en 
M'lmsliiii'et machine and a .systi'in eif nu'tallic 
poinH, at the' Bairdlt wuirks ed Mc'.ssrs Walker, 
P.irkcr it (*u., Liniite'd, yieleh'd .‘<a1 iskictei'v 
ie''ults w he'll working on a Miij^ll sokiIc, but did 



I Fkj. 27, 

j (*'•'! om llonaai? ‘ Mrtiillurny of bcml.’) 

' not prove sucrmsful wlicn ajiplicd to tht' flues 
! of the works. 

The develoymicnt of these early ideas and 
methods has been due, ip great im'nsurc, to the 
labours of F. (k ( 'ottrcll Smithsonian Bejiorl, 
11)13, pp. 053 0i85). In the glow disoliarge of 
electricity from yxiinfs at high potential, par- 
ticles m the neijj^hboiirhopd eif the points receive 
an elextrical charges and are' repelled. If an 
earthed' platc,*or one of ojipo.sito polarity, be 
brought near, tlie- ])article'H are attracted, pre- 
ciyiitated on the })late,''aml lose tlu'ir charges. 

I It has been found by experience that a high, 

I direct-cunent voltage is preferable to an alter- 
nating one for tlyyi precipitation of dust and 
I fume. The ordinary h.w-voltage alternating ** 
current gem'rally available is thus transformed, 
for this purpose, into high-voltage alternating 
and then into intermittent high-voltage direct 
current. Some of J^odge’s recent patents are 
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concerned with the rectification of alternating 
ourrentH hy meaim of vacuum tubes, which 
allow the current to pass onlyiin one direction. 

In the process, as carric'd out at present, the 
discharging electrodes, lU'gatively <}iarged by 
preference, have a voltage of 7.5,000 to 100,00(i. 
They consist of jron chains carefully insulated, 
which are hung in the middle of steel [ujm's 
15-20 f«Dt long and 10-18 inches in diameter, 
through whieli the gasi's are drawn. 'J'he 
‘ colleetmg ’ electrodes, tlu' jupes, an* earthed 
and the precipitated tume is shaken down at 
intervals by striking them with a hammer. 

A Cottrell filant at 'Trad for the tieatuumt. of 
100,000 eulyc fe^'t of gas per minute «!onsistB ol 
U84 ])ipes. 'j’li(‘ vehjcity of the gases tor pipi's 
of 12-inch diameter should not exceed .‘l-r> icet 
per second. 

fractional preeijiitation of fumb, consisting 
of mntei'ials ddlcring in volatility, is possible 
hy the Cotlri'll praness when ojieratitms are 
carried out at ditlerent tmnperatures. 'I'hus, 
high griuh' whiti' arsenic can be sepaiated from 
lead fume by el(s-triea,l preeijutation ot lead and 
zme eom]iounds at a temperature at which white 


arsenic Is gaseous ; on cooling the escaping gases, 
the oxide of arsenic becomes solid and can be 
recovered hy repeating the electrical treatment. 

(lasos from reverberatory and blast-roasting 
plant which are unsuitable for bag-filtration, 
owing to the injurious effect of the gases on the 
cloth, can be treated without difficulty by the 
Ckittroll method, and it would appear that this 
method had a great future iy store, not only for 
the treatment of lead fume, but also of many 
kinds of dust, mist, ani^ Anoke, which are ]^ro- 
duced in numerous large-scale operations. • 

t 

I fKOl’KRTlES AND UsKS OF MeTALLTO LeAD. 

I • * - 

Owing to the demand for soft lead in many 
industries, and the hardTming elTeet of minute 
1 (jiiantitu'S of foreign metals on lead ; owipg, 
j also, to the neeil of purifying the metal beforf; 
! desilvensing and to the relimng action of the 
I do|^lverisation-process itself, comnu'rcial leads 
j are usually of a high degree of purity. 4’he 
I following table of analyses of some commercial 
j leads shows the natfcre of the chief impurities 
! and the extent to which they are present : 


— 

lli'st Enulisti 
lead 

i;oo(l 
< hcinical 
had 

Lead 

OO-ffillO 

09 085 

^^)pf)('r 

. 1 0 0003 

0 022 

Antimony 

0*031 

0 033 

Arsenic 

Nil 

trace' 

Bismuth 

. i 0*0005 ■ 

0*001 

Silver 

•0 0003 

0 002 

Iron 

0 00J5 , 

0*003 

Manganese 

. i Nil 


Nickel 

! Nil 

trace 

('obult * . 

! Nil 

— 

Zino . 

1 0()OI5 

0*001 

('ad mi urn . 

• . ' Nil 


'I’m . 

. ; Nil 

t 


, 100 

100 


Ordiiian 

J] n 1* 
Aubirulia 

ii.lT P i 
j\ii.str«lia 

Kleelrolytic 
lead, 1 

Trail, L! C. j 

Eiinlish lead 

sjiecial 

ordinary ' 


iiiaikct lead 

inarkt't lead j 

00-0(;55 

00*9077 

00*0017 

00*0861 

O-OOlO 

0*0(H)3 

0 (.)001 i 

0*0027 i 

OOJ32 

0*0005 

O'OOP 

Nil 

Nil 

— 

i 

0*0025 , 

0 0124 • 

0 OOOt) 

1 # i 

0*0037 

0*0007 

0*0002 

0*0012 I 

0*001 i 

0*0031 


. . 1 

0*0022 ^ 

Nil 




trace 

— 


— 1 

Nil 

— 


. — ! 

0*0026 '■ 

0*0()07 

i 0*001 • 

0*0018 

0*0006 

— 

! 

— 

Nil • 



' i 

100 

loo 

[ 100 

100 , 



' 

•_ 


Lead is a bluish-gri'y metal, the freshly cut antimon\, however, makes it sonorous, hard 
surfaces exhibiting a diatinct metullie lustre, , lead being easily fli.stinguished from soft lead by 
which soon disappoavs ow'ing to siijii'rlicial i this jiropcrty. The presence of antimony, zinc, 
oxidation. Its (T\st,alline character is av<‘11 arsenic, or silver increases the hardness and 
shown by the heaiitif*! lern-like* erystalliiie , brittleness <4^ the metal. Antimony makes the 
growths whicli are seen on the jugs "of be.st nietal luyd if prevsont in amount over O’OOfi p.e. ; 
mark^ leatl. or as they form on the surface of a small quantities of bismuth are not injurious m 
casting during the cooling of the molten metal, this respect. , 

it can easily lie obtained in the fo-m of regular According to Schweitzer the sp.gr. of lead 
octahedrons by. melt*ng lead, allowifig the (Amer. ('hem. J. 7, 174) varies between 11*344 
molten metal to solidify jinrtially, and pouring and 11*377 at 4". St. Claire DeviUe (Phil, 
off the portion still remaining liquid It. is .Mag. [iv.] 11, 144) gives the following as the 
deposited in arborescent form.s. known as the results of his observations on lead jirepared in 
lend tree, by the decor* jiositioif of a solution of different w^»ys : — (1) cooled slowly from fusion 
lead acetate either by zino or by electricity. 11*254; (2) cooled (Tuidcly from fusion 11*303 ; 
Lead is a very soft metal, easily*cut by*a knife ' (3) electrol^ic lead, 11*542 ; (4) lijad obtained by 
or .scratched b-y the nail ; it readily receives : electrolysis, then fused and cooled quioWy, 
impressions and leaves a .streak on wdiiti' jiaper i 11*225. 1’he mean may be taken a^ll*35 at 
Its hardness is 1-6 on Mob's scale. It is very , 20T. 'Lhe iiifiuonce of pressure on the sp.giTof 
malleable and is ductile. Rolled le^d is more ! lead is shown in the following results obtained by 
ductile than cast lead; bo4h its malleability •Spring (Bor. 10, 2724). (1 ) Not pressed, 1 1*350 
and ductility are injuriously affected by the at 14^* ; (2) once pressed, 11 501 at 14® ; (3) twice 
presence of impurities. Lead is a metal of feeble pressed, 11*492 at 16°. The sp.gr. of molten 
tenacity, a wire jijth of an inch will not support lead is given as 10*37 and 10*65 by Roberts- 
a weight of 20 lbs. When struck with a hammer Austen and Wrightson (Ann. Ohim. Phys. [v.] 
pure lead emits a dull sound : the presence of 30, 181), and 10*952 by Onincke (Pogg. Ann. 
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136, 642). The increase in volume on molting i 
is 3 ‘6 p.c. ; 1 cubic foot oi solid lead weighs; 
710 lbs. and one of molten load, r)()4 lbs. The [ 
melting-point is 327 '4®; the boiling-point,! 
that is the temperature of visible ebullition, is 1 
stated to be 1526°. The metal is only slightly j 
volatile in the absence of air, but is carried over j 
in oonsiderabhi quantity by the vapour of zine. , 
The sjiecifie heat of lead according to K('g- 
r^ault is 0-0314 at toTnperaturcs between 10° and 
100° (other observers give 0-02925), and for 
molt^ lead according xo Person it is 0 0402 
between 380° -450°. 'Phe latent hoot ol fusion 
is 5-369 •calories ; the coefficient of linear ex- 
pansion between 0° and 100", 0-0000295; the 
conductivity for heat, 7-9, and for ele(‘tneily, 
7-8, compared to silver* 100. 

Lead is tasteless; it is said to ennt a 
cliuTacteriatic odour when rubbed bet\vet*n the 
fingers. It can be welded in (he eoM by prj^ssing 
the clean surfaces together. ^ 

An allotro})ic form of lead (or possibly more 
than one) was prejiared by (hdien and Helder- 
mann (Zeitsch. ]>hys. (diein. 19(5, 89, 733) 
by suspending lead in 40 p.c. .solution of lead 
acetate containing 10 pc. nitric acid (D. l*lf>). 
In these conditions the learl beeomea wrinkled 
and denser. Three specimens of density, 
11-3415, 11 -3 1 29, and ] 1 -3283, were produced in 
this way from metal of density I I -325)9. Accord- 
ing to ’ll. ITeller {ihid 7(1]) this ‘ giey ’ lead is 
i-apidly formed in solution of its acetate if only 
a little nitric acid be present. H. J. M . Creigl^l-on 


observed the formation of the same allotrope 
during the electrolysis of nitric acid (1) 1-42) 
when lead formed*the cathode (,1. Amcr. ('hern. 
Soc. 1916, 37, 2034). 

When lead is freshly distilled in silnii 
vessels, it is rapidly attacked by water uml 
oxygen, acting together. If, however, (he di^- 
tilieei lead be kept some time in mni6, d is nnicii 
less easily corroded when brought in Tonfoct 
with water and oxygen. This curious behavioui 
, has been accounted for by assuniing that frcshlx 
! distilled lead is not physically homogeneous, 
the varieties (allotropi's) differing in their 
solution-pressnres (lb Lambert and K. K. Cullis, 

] .Journ. (ffiem Sue. 1915, 107, 2^0). ■''I'lii re me 
no observations as yet which coriclate these 
allotropcs with Heller’s grey lead ; indeed, the 
very existence of allotropcs has been denied by 
some iiulhor.s (A. 'Phiel, iier. 1920, 53, 10.52, 
106(i)# 

Speciflations eoncerning^bc relationship of 
lend to the prodnets of the riulm-aetive changes 
; of uranium and thorium have stimulated a great 
deal <)f interest ni the question of the atomic 
weight of ]ea<l. Sialdy has pointed out that 
the older deteriuinaf u»ns vary coiisiderahly. 
'Phus, of 21 values given in Abegg’s ilandbuch, 
10 range almost over a unit, viz. : from 206-8 to 
i 207-6. Jteoent determinations give fairly eon- 
. .sisteni results for ordmary h-ad, but th(> values 
for lead derived from radio-active minerals vary 
considerably. A immlKT of these residts are 
given in the following table : — 


8 . 

9. 

10 . 

11 . 

12 , 

13. 

14. 

It;. 

16 . 

17. 

18. 

19. 

20 . 

21 . 

22 . 

23. 

24 . 

25. 


Source of load ♦ 

Radio-active minerals, Colorado 
,, ,, Australia. 

Rroggentc 

(jloveite, L^ngesuiid .... 
Uranmite, N. Carolina 
l%chblej«lo, Joacbimsthal 
Carnotite,^ Colorado . . 

Thorianite, Ceylon . . • . 

Pitcliblende, England 
Ordinary lead (control) 

Uraiiiuin mineral .... 
Ordmary load (control) 

Uranium mineral .... 
Monazite 

Ordinary load (contftl) 

, jTb02 62%pc.j . 

Thorium mineral (UjOg 1-9 ,, > 

(PbO 0-.39 

Pitchblende 

•Pitchblende, Joacbimsthal 
Uranium mineral. East African (formerly 
jU 30 s 79 p.c. I . 
Broggerite oJ'hO., 4-5 „ > Norway 
(PbO* 9-5 . 

Ordinary lead (control) • ♦ • 

Samarskite « . . f 
Thorianite, Ceylon .... 
Thorite, l^orway .... 
Spring water, Japan . 


Atomic welghi 


Olmcrver 


200 3( 


. 207-00 ] 

206-12 I Wadsworth 

! 206-08 ) 

. 206-46 V 

. 206-67 

. 206-59 ( 

. 206-82 
. 206-8(i 
. 207-15; 

. 206-98 

. 206-71 

to 206-64 

. 207-08 ^ Maurice (hirie 

. 207-01 


Richards and Lambert 


do Coniiiuk and Cerard 


208-4 


Soddy 


. 206-736, 

. 206-405 

German) ‘'206-0461 

1 Jlonigschmid and St. 
. 206-063 f Horuvitz 


. 207-1 80t 

. 206-30 Davis 

. 207-13 Riclitft-ds and Sameshima 


The lowest value, 206-040 (No. 19) and the j active sourct^s. Such leads may be mixtures ( 
highest, 207-92 (No, 24) agree very closely with | Ordinary lead and lewl isotopes, or ordinary lea 
those calculated from the disintegration -theory i may be a distinct variety or a balanced mixtui 
for uranium-lead and thorium-le«^, viz. ; 206 i of the isotopes denved from uranium an 
and 208 resT)6(-.tively. Opinions differ as to the j thorium, or finally it may be an evolutional 
cause of the variable atomic weights, between i product from lighter materials (nee F. W. Clark 
these extremes, of the lead derived from radio- ' Proo. Nat. Acad Sci, 1918, 4, 181). Attemp 
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hy ,h)ly and PddJo (PhiJ, Maj?. 1020, vi. 00, 
.‘{72) to separate ordinary lead into isotopes hy 
centrifiigahsing the njolten nfetal did not meet 
with sneers, s, 

'rh(' melting pf»inis of two varirties of Jend, 
differiriLf hy 0-8 m aioiaie wei^lit, were found hy 
Richards and Hall to agn^e witlnn 0 0.5''. The 
index of lefraeiiou and the solubility of the 
nitraU*^' ilenved from lest lea<l and lead of 
atomic wei^'ht 200H2 were found to be practically 
identical hv Rjchard.s and Sdimb (,f. Ainer. 
(dieni. Soc, 1008, 40, 1405). Pichards and 
Wadswoith, }i(jw<'V<t, found lh(‘ ileirsity of 
ordinary lead at 20’ to he (ninsiderahly lu^rluT 
(1I-.577) than jjihat of lead extracted from 
Australian radio-acti\e minerals (JI-288); as 
the atomic w(*ighls Miry ])io|)<»rt louately to the 
flensities, the atomic volumes aie idi'ntical, 
viz. ; 18-277 and 18 270. It is eiidcnt that the 
isotopes only differ from one anothi-i in rtjspeet 
to mass. •v 

la'ad is easily oxidiseil hy exposure to the 
air. and in the finely divided slate, ns ohtaim-d 
hy the dccom])osition id (lu- tiirtrate hy lu'at, is 
pyjofdionc. it IS i}ot atlack'(>d hv airdrei-d 
water, nor hy diy air fiec from earhmi dioxidi-, 
hut easily suffers corrosjon under the eomlnned 
influence of air and moisture, or of water and 
air, lead hydroxide heine ])ioduced. This dis- 
solves in th(i wati‘1' and is eonvi-rted into a basic 
carbonate by the earhome acid ])."(‘sint. 'I'lic 
action of water on lead is materially inllm-nci'd 
by the jiresence of snndl ainounis of salts: 
nitrat-es are supyassed to further the action -this 
is OHpeeiall.y tiui' of ammonium nitrate— whereas 
chlorides, suljiliates, c.ii l:i«>nates, and phosphates 
retard the action. Chlorides, aiilpliati-s, ami 
Marhonates, especially the last,' dimuii.sh the 
solvent action of nitrates and in some i-asi-s 
destroy it'altueetlier. Water satunited with 
carb;)n dioxide iimifT ordinary pressure has hut 
little Solvent aeVion on lead, hut under a jiressure 
of six atmospheres, the sohent action is eon- 
sidorahly imu-i'ased In tliis case als<* the 
])resenee of ammonium nitiate and i»f ]H>tassuim 
carbonate timds to retanl the action. 'These 
conclusions are elrawn from the ohseivations ot 
Muir (('hem. News, 55, 102. 12.5. 145; 51, 225. 
524), who has also studied the iiillueiuie i>l .salts 
on the solubility of the basic carbonate 

(Ph(.'().,)LPh{()ll),. • 

'Tho^order of solubility of this compound aprecB 
very nearly with that of metallic lead in solu- 
tions of the same salts (Muir, (5iem. Soe. 'Trans 
51, (Kill). 'l'he^inllu(4ju‘e ot small (juiuitities of 
free suljihune aoul on the eoriosion of lem 1 hy 
saline solutions has been studied hj AV. ('arleton 
Williams (J. Sue. ( hem. lud. (i. 111). The 
pro.senee of 1 graiii per gidlon i»f free acid 
notably inereasos the action. Allen (iTiem. 
Nows, 4(>, 145) found that winter taken direct 
from the main in one town m Yorkshire, and 
having an acid rcaethm, when left in eontact 
with lead, dtssolved an amount of lead equivalent 
to 0-42 to 0-5() grain per gallon, but after the 
water had been made Alkaline tlm' 

amount of lead dissolved was equivalent to 
0*14 grain per gallon only, ('rookes, Odling, 
and Tidy ascribe the activity of water towards 
lead todefieicney of silica, and are of the opinion 
that from 0*5 to 0-7 part of silica ixir 100,000 is 


sunieient to prevent the action. In many cases 
the corrosion of the lead pipes would appear to 
be due to the presence of a free acid in the wafer 
supply, as IS apjiarentJy the case with one of the 
water sujiplies of iShcflield, and also the w-ater 
supply at Huddersfield (Allen, f.c., also Cliem. 
New.s, 4(1, 88). 'The waters most liable to act 
iilKui lead are tlio.se obtained from upland 
gathering grounds, waters which arc soft and 
u.siially of remarkable ]mrit^. 'I’lie jiresenee of 
jieat in waf er inerease.s ii,s»aef ioii on lead, except 
when the water is jiei'iiflineiitly hard (H. Jjita]), 
J, Soe. ('hem Jnd. I ill 5, .52, 847). 'I’lie activity 
of such w'Jiters is by ni.sny attiibiitefl to the 
juesmice ot fre<‘ acu) (r/. P F. Fraiiklund, J. Soe. 
Cliem. lud. 8, 241) (/'. M'atkh). * 

Smc(' an facilitates *1110 solvent action of 
water, an intei inittcut w'ater sup]ily is favourable 
to the cunlnmmaiioii ol tlu- w-atci, aiuf as 
Icnglhcncd cmitaet with lead in the ins(* of 
ai^ aiVive watci will natiiially ri'sult iii a eon- 
sidi'i'.ihle prujiortioii ol the iiielul being dissohed, 
it IS advi.s.ihle to run olT the water that lias been 
standing ovi'r nightiin the ])i]tes, as '-iieh water 
may he unlitteil for drinking juirjioses. 

Lead is dissolved easily by dilute nilnc acid ; 
the action of eoncentrated acid is soon ai rested 
hy the formation of a juotective layi-r of t'ad 
nitrate on the surface of the metal Dilute 
hydroclihulc and liiiule sulphuiK aeuls d » m>t 
athu-k h'ud, hut it is dissolved by hoilino coii- 
eeiitralefl h\ droehloiic and sulpliuric acids, lead 
elilpntlc and lead sii!]>hate hnng formed. 

|j(‘.ul IS laigelv nsisl m luniciiiig <'oii,st ruction 
111 the f(» rn ol sheets, Loilteis. sjioiits, Ac , also 
for the iimniifactun* of ])ipes Idi gas and wati'r, 
and of cables, aeeiiimilatoi s, and rifle bullets. 
Its pow'cr of resisting the action of acids, Ac., 
renders it of gii-at service ly the eun.struetion 
ol chemical plant. su1])liuric acid chambers. 
'Tlie lead ]ireferrcd loi this pu|posc is^ihtaini'd 
by reineltmg old lead, and is hardened hv a 
small iwnouiit of antimony.* Experiments of 
Johnson and Calvert (<'oin])t. rend. 5(), 401), of 
Hasenclever (Wag J. 1872, 250). and of Pauer 
(if>/d. 1875, 504) have shown that o)i[hnary leads 
resist the action of suiphurii' ai-id more effectively 
than ])ur(' lead. Lead is al.so an imjiortant 
constituent of many alloys, r.7. soldei, type- 
metal, hearing-met#, lusihie alloys, and pf-wler. 
Bullets tor^mooth-hore smaj) arms uie haidencd 
with antimony to give them greater penetrating 
power.* 

S/tcft had , — For the manufacture of sheet 
lead, market lead is east m a ]Jate several inches 
111 thickness. M’hoii the plate is sohiewhat eooled 
it Ls transferred to the rolling mill, which con- 
sists of a })air of massive iron rollers, about 
I8^inches diameter and 8 feet wide, which are 
worked l^v engine.s with reversing gear. 'The 
rolls are placed imthy middle of a long bench, 
a little wider than the roller.s, and about 5 feet 
high ; at intervals of a foot ahtlig the bench are 
placed wooden rolls on the saim* ipvcl a.s the 
rolleiis, which serve to faeditate the movqpient 
of the sheet to and fro. By passing and repassing 
the plate between the rollers it is gradually ex- 
tended into a sheet, which, when too long for 
manipulation in the ordinary way, is cut into 
smaller sheets which are rolled separately. Or 
the sheet inav be doubled over, the surface 
being previously chalked to prevent the adhering 
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of the two sheets, and the doubled sheet rolled stage of the uiajuifacture of red lead. After 
out to the required thickness. The lead having grinding, lovigation, and drying, it is obtained 
been rolled out, the edges and ends «)t the sheets as a brownish -yelM)W powder, usually contauiing 
are cut straight and the shoot wound on to a some metallic learl, lead jieroxidc, and grit. It 
eyhnder at the end of the bench. is generally known, commereially, as ground 

Lead ]>ipps are u.sually made in maehines litharge or massicot, 
worked by hydraulic pressure. Over the piston Litharge is produced when the oxidation of 
of th<i press is a resc'rvoir which contain.s the lead takes place at a temperature sutliciently 
metal, and which iqay be heated by an annular high to melt the oxide formed, as m tMfe cujiel- 
hrc])]ace. The reservoir is lilled with molten latiou ])roeess. When manufactured for .sale, the 
leajjl by a spout throu'gl^an aperture m tlie to]) ; purest lead is submitted to eupellulion ; if the 
wlu# filled the spout i.s withdrawn and the lead used is not quite pure, then the portions of 
apcrtur% closed tightly by an iron ])lug, kept in htiiarge first formed and that produced towards 
])osition by an iron key The sr/.e of the pipe is flie end of the operation are rejected. 'I’lie 
regulateck by a steel die of t he ibameter (d the i litharge a.s it forms is eollec.t^l lu largo iron 

outside of the pijie fitted at the to]), the internal pots fitted on wheels, in which it is allowed 

diameter of the jiqie* being determined by a to cool slowly. When the pots are emptied, 
miMuiril which jiasses direel !y through the cenl re the htiiarge ‘falls,’ the central portions which 
and is moved njiwards by the rising piston, the have cooled more slowly being somewhat lighter 
siMni-molteu metal hemg at the same timeJorc<*d m coionr and iiossessing a scaly crystalline struc- 
throngli the die. As the pipe jtasscs out at 4ln‘ turc. 'Hie more friable poiT^on is broken nj) and 
top it is coiled on to a dium. The ]>ipes used I passed through a circular temso or screen, and 
for gas-si'rviees are soinetimi's rnadi^ of metal to sold as jlaliC liilKinjc. 'I’hat portion of the 

winch eillier tin and antimony have bia'ii added lit harge which does not fall, Init remams in hard 

directly, or these imiais may be sup]»hed hy the c'lherent masses is ground hetwi'cn horizontal 
addition of a harder lead containing them' sLuies m a striaun of water, run into settling 
Li'ad sliot IS iiiadi' }»y alloying the metal with ! tanks anil dried at a low t(‘m])craturo in a 
arsenic (Oil-0‘8 p e.), whieir is added either in I reverberatoiy furnace. This is known as 
the lurm of whiti' arsenic or arsenical dross from j I'l iqnU’d IiIIuikic. 

t!ic improving furnace. The addition of urseiuc 1 A mechanical fuinace for making litharge 
serves to imjiart a greater fluidity to the metal j was jiatented by Noad in 18115 and was irioditied 
and ineieases the tondoney of ttie metal to and inqiroved later by Barton and others. It 
assume a spheric, al foim in jiassing thiougli the consi.sts essentially of an iron pan, lilted with a 
air. With too little aisenie, the drojis are jiear- cover and stirnng jiaddlcs and connected with 
shajjed; with^too niuiii, the shape* is double fuine-condensmg chambers by an upright shaft, 
convex. Thi' molten metal is made to inn Molten lead is fed in Slirough a side ]»ij)e during 
through cullenders, and to fall a eonsideiable the ojieraiioq. J^ead is lu'iited in the pan to a 
height into wMler-liutis. A small amount of temperature of (itlO'XJ., stirred and sjilashed hy 
sodium sul])hid(#(about 0-U25 p.c.) is added to the paddles and treated with a blast of steam 
the wa^T to prevent oxidation of the lead, i’hc and air, which enters through a pi])c‘*in the cover, 
height riMiuireif for the fall is eithei .secured by i’lie fume of limiy ihvidedjead and lead oxide, 
means of a sho^ tower, or by a deej* wiil, the mixed with the gase.s, escape.s Through the up- 
shaft of an old coal jnl being in srtiiie casi-s take and pa.sses to the condensing chambors. 
adapted for tins purjiose. iiio sizi' of the shot Tlu'^ litharge-duHt collected in these is sometimes 
IS determined by the size oi the holes in tlii' le\igate<l to reduce the amount of ])luo lead in 
cullender, •!)>' tlie height from which the lead it, sometimes calcined at a high teinjierature and 
falls, and by the li'iniK'rature and consequent 1 then sifted. Attempts have been made, by 
lliiidity of the molten motal. j heating the uptake from the jiaii, to oxidise the 

The shot, taken from the vessel m which I blue lead in tlie ethuent fume so thoroughly that 
it has sohditie-d, is sorted sicvnm into ditterent subsequent treatment is not required, 
sizes, and the ♦mperfee-t ones Vparated by The litjiarge obtained by this method is 
cau.sing the shot to Kill down an inelinei^ polishi'd canary yellow m colour and very fine in gram, 
metal surface, or a wooden table slojiirig at L5‘’. It may contain as little as 0’05 p.c. insolvJble in 
The jierfect shot acquire the highest velocity and aeetie aeid and 0*005 ]).e. insoluble in nitric acid, 
shoot well over the edge of the table into a bin ; and is thus jiraetieally free from grit, metallie 
the imperfect fall short of this and are gathered lead and lead jieroxide. Jt is esjiecially valuable 
apart. 'kho shot is finally polished by shaking for proofing fabrics and fur conversion into 
with a little graphite in a cask revolving on a pigments. 

horizontal axis. The eolour of lead oxide varies from lemon- 

yellow to reddish-yello-y, and on heating or 
• » ' exiiosure to liglit it hoenmes browiiish-rcd. 

Lead Compound.*? used in the Akts. also turned red by 

Lead oxide, had monoxide, or plnmhtc oxide moehamcal coinjiressioii. 'J'he solubility of the 
PbO. 'Pile varieties of this compound are red form is 0*021), thht of the lemon-yellow 
wiiifaxeot and the former name referring, 0*047 gm. mols. in normal caustic soda at 20*^ 
strictly, to the unfused, the latter to the fused, {(jllasstone^ .loui ('hem. Soe. 1921, 120, 1089). 
coni])ound. The tendency, at the jiresent time,'* The sp.gr. of difiy.reiit varieties of lead oxide 
is to use the term ‘ litharge ’ for all varieties of arc given hy (Jeuthcr (Ann. (’him. ITiys. 19, 
lead monoxide. I'he compound is obtained when fii. 1 90-01) as follows : yellow cryst, 9*29 at 1 ; 
molten lead is heated at a moderate temperature red cryst. 9*129 at 16® ; red cryst, 9*126 at 14® ; 
in a reverberatory furnace, the molten lead being red powder, 9 09 at 16®; and red, very jmre, 
constantly stirred. It is formed in the first 8*74 at 14°. The melting-point is variously 
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given as 770, 870, 888, and DOO'^O Litliargo is 
reduced by carbon monoxide at JOO® and by 
hydrogen at 310®. It abK(#bs oxygen when 
molten and ffiveH it uj) again on slow cooling, 
falJing into ])owder tiie while. When fused with 
fliilphur, iron, /iru*, (’o])per, antimony, and 
several other elements, it oxidises them and the 
oxides dissolve itt the molten litharge, provided 
this is Ifrescnt in Hullicieiit amount : 'I'hus J ])art 
each of ferric oxide, zinc oxide, antimony oxide 
and tm oxide reipure 10, 8, 5, 12 jiarts, re- 
spectively, of lead oxide for com[)lete solution 
and fusion. 'I’liese properties of litharge me 
utilised in assaying silver «)r(‘s and rctining silver. 

Lithargf*. is |jsed in the inanutactun^ of Hint 
glass ; as a glaze for earthen wni<‘ ; lor the pre- 
paration of lead acetate, lead ip t rate, lead 
chromate, lead plaskT, for drying oils, lor 
proofing fabrics, au<l in the manufacture of 
rubber and electrical acc.umulators. < 

I’lie occurrence native litharge 'in Kur- 
distan has been described by Alex. Scott (Min. 
Mag. 1914, 17, 14,3). 'I’he mineral is red, with a 
yellowish-brown streak, and partly crystalline. 
'I’he S[)gr. IS 8’()1 and analysis shows it to con 
tain PbO, 07-17 ; CuO, 2 til ; SlUt^, 0 30 p.c. 
E. S. Larsen (Aiiier. Min. 1917, 2, 18) also 
records the natural oeeurreiiee of crystalline 
litharge from Austria and (lalifornui. 'I’he 
mineral is yellow and the constituent cr\'stals 
are orthorhoinbie, biaxial, and optically ])ositive. 
'rhis 18 surmounted by a reddish fringe of tetra- 
gonal, uniaxial crystals, ojitieally negative, 
which are regarded as native massicot. 

Jied Jjeiid, Muuiun. or IHundnr 'J’droxidc 
PbsO^. 'Fhe manufacture of red lead is ('ffectod 
in two stages, the first being tlu‘ ponvcision of 
tlio load into massicot or the ‘ dro.ssiug ’ of the 
load, and the second the ciuiveision of the i 
monoxide iiAo red lead t»f th(‘ re(juired shade, 
'rhese operations ary usually conducted in two ; 
different furnaces. The dressing oven, is a low- ' 
arched furnace with a bed of firebrick laid on a 
bod-platc of cast iron having raised border^ on 
each side and at the back. The bed of the | 
furnace is made to slope slightly towards a | 
median line, and also from back to front. On ! 
either side of the furnace bed is a low wall, the 
spaces between which and the wall of the furnace ; 
form the two fireplaces. In front are three ' 
openings closed by hinged doors of cast iron ; : 
the two aide ones communicate with the fire- ' 
places, whilst the central one, which is larger ' 
than the other two, serves for the introduction ' 
and the working of the charge, and for the ; 
escape of the ])roducts rJ combustion, wliK'h pass 
into a hood of brickwork in front of the furnace, 
this hood forming the base of the short vertical j 
ohimnoy attached to each fiunace. In front of j 
the working door ia hrng a clndu with a hook ^ 
at the end ; this serves as a fulcrum for the ] 
rabble used in working the charge. Below the 
working door a space is formed by two vortical 
plates of cast iron on bliok walls, resting on a 
slab of stone or plate of iron on the floor, and 
supported by the iron plate which ^forms the 
lower part of the front of tihe furnace. This 
space in front servos to collect any of the oxi- 
dised product which may fall in transferring it 
to the waggons. The length of the furnace is 
about U feet, and the width between the bridges 
is about 8 feet 4 inches. The * colour oven ’ is in 


; most essentials similar to the ‘ drossing oven ; 
; the bottom is fiat and the slope from back to 
' front not so great as in the latter Coal is used 
as fuel in these ovens ; in some cases where the 
ovens are constructed with fire-grates and ash- 
pits, small coal may be used. 

The mode of working is as follows. A charge 
of from 22 to 31 cwt. of pig lead is introduced 
into the furnace, and a daiy is made across the 
furnace of rough oxide interminglod with lead 
obtained from the grm^iiTg and Icvigation yf a 
previous charge. 'J’he temperature is so regrfaied 
a.s to melt the lead, which forms a behind 
the dam ; the molten lead is agitated by lueans 
f.f a rabble and splashed over the furnaiii' bottom. 
In this way the oxidation is promoted, and as 
the oxide is formed it is ^Wshed toward the back 
of the furnace, the still unoMdised lead lloufe'ng 
to the front. The oxidation is promoted by 
addii^ a small quantity of 1 p.e antimonial 
lei^I and when comiilotcd the charge is raked 
out into iron waggons, and allowed to cool J fc 
18 next passed to the grinding mill, whore it is 
grouiul betwei'.n infilslones witli a ri'gulated 
supply of water, 'i’he lieavici particles of lead 
oxide and metallic lead which sirdi m the troughs 
leading to the settling cisterns are collected and 
used in the drossing oven to dam up the charge 
of load. T’ho fimdy ground massicot is cairied 
by tlio stream of wati'r into scttlmg tanks where 
it subsides, ami after the water has been run olT, 
it is conv(;yed to the ‘ colouring ' oven, sjiread 
out vi furrows and ridges resembling a ploughed 
I field, and heated at a carefully regulated 1cm- 
I peratiiro lor some hours, iintii ,it has assumed 
the required shade. Wiien hot, the red lead has 
a rich jiurple tint, winch becomes bright red on 
cooling. 'I'he red lead is withdrawn from the 
ovens, and sieved or Icvigatedi 

Jn the manufactun of white ieadiby the 
stack process, a certain amouirt of the while 
lead (not more than 2 i).c. in well-c.ondueted 
operation; becomes slaiiicd. This ‘off-colour’ 
material is also used in making red load and is 
worked either aloiie or mixed with ordinary 
materials. 

A limited amount of red lead is also made by 
oxidation of lead (or litharge) with sodium 
nitrate. T’ho nitrate, is melted in iron pans, 
heated to 310®, and the calculated amount of 
lead m thin* strips added. IVhcn the oxida- 
tion of the metal is complete, the mass is poured 
into w'arm water and the sodium nitrite 
recovered from the liquors, after tliose have 
been neutralised with sulphurie acid, by evapora- 
tion. 'I’he sodium nitrite is used in the dye 
industry for the purpose of diazotisatiou. 

Orange load or orange mineral is a variety 
of n\i lead produced by the calcination of white 
lead. Formerly, the froth froni the white l^d 
washing tanks was used for This purpose. J he 
furnace-product is purified eithw* by grinding 
finely and sifting, or it is water- gi’ound, dried, 
and sittod. 'This variety is used foi' -the pro- 
duotioii of paints, colours, printing inks, and 
enamels. The finest j^udes have a vivid orange 
; tint. Orange lead differs from red load, not 
! only in colour, but also in bulkiness and in its 
behaviour towards linseed oil. it is much more 
bulky than red load ; the measures of equal 
, weights of the two being as 7 : 6. This property 
is of groat importance in the printing-ink trade. 
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When nrange lead u mixed with linseed oil or 
varnish, the mixture remains soft on keeping, 
whereas red lead soon seta up with these media 
and the product cannot be thinned again. It 
is customary, therefore, when using red lead as 
a paint, to mix it shortly before use. 

The cause of the variation in colour of the 
many grades of red and orange lead is not 
known. It has been found in laboratory experi- 
ments that small (^antities (OT p.o.) of lead 
nitrate and caustic aoda have a considerable 
producing, in tbe*tirst case, a jiink colour, 
and, in the second, an intense red. When red 
lead is rifado by heating monoxide and jientxide 
of lead with caustic potash, tin? depth of colour 
depends bn the eoru;entration of the alkali. 
These facts, however, tthrow no light on the 
variations observed in large-scale operations. 
In *1111186, the nature of the original materials, 
the control of furnaeing teiniierature, and other 
factors, have a determining elfoet on the ffolcmr 
of the product. 

t'oinmercial varieties of red lead vary eon- 
siderably in their content pf active (iieroxkh') 
oxygen. The peroxide equivalent ol this in 
the pure compound, (/.r proximutely 

2Pb().Pb()2), is lU'l) ]i.c. A good average 
brand miiy eontaiii 23-25 p.c. ; extremes con- 
tain 5 and 34 ]),c. For similar conditions m the 
eoloiiriiig furnace, each kind of monoxide 
shows a maximum peroxidation, more or less 
definite, though the time required to establish 
this varies considerably. The past liistor^ of 
the monoxide alTocts the progress of oxidation. 
'Phus both yellow and red litharge aw' roasted 
to red lead muclf more slowly after washing with 
water than after air-scjiaration (0. W. Brown 
and A. K. Nees, t(. Ind. Eng. (4iem. lOld, 4, 807). 

The clTeet of ^arioiis factors on the rate of 
oxidation of litharge to red lead has been studied 
bv J. milbauc% ((diem. Zeit. 1000, 33, 552, 
1)50; 1910, 34, 139, 1341 ; 1915, 39, 858). It 
depends more oul^lie squrce of the lithiurge than 
on the size of the particles, and is dijcreased 
by the addition of small (juantities of nitric acid 
and ammoi^a, but iruireased by the nitrates of 
lead and sodium. Of the metals, silver facili- 
tates oxidation at 300'’, but its inllucneo is not 
observable at a higher temperature ; bismuth is 
inert and zinc and antimofly act unfavourably, 
'fho velocity of oxidation also deji^ids on the 
temperature and on the partial pressure of the 
oxygen. • 

Brown and Nees (op. jam cit.) state that the 
yellow* and unfused varieties of litharge are 
more slowly oxidised than the red and fused 
forms. They have determined, under laboratory 
conditions, the optimum temperature of oxida- 
tion of various materials to red lead. Thicj is 
425°-430° for white lead, and 450^-470^’ for 
litharge and lead spungii (tiae latter obtained 
by electrolysing both acid and alkaline solutions 
of load). Aeeorfling to their experiments, lead 
is not diregtly oxidised to red lead, but only 
vid monoxide, 

Tliese observers have also studied the 
microscopic structure of red lead and have 
determined the density of numerous specimens. 
The following is a brief abstract of the results. 
Red lead may be either crystalline or amor- 
phous ; no dehnite form can be made out for 
the crystalline varieties. The specific gravity 


varies from 8*32 to 9T6 ; it is lower the more 
nearly the comjiosition approaches to Pb^C)!, 
and its value depends on numerous facBus' 
such as the temperature of oxidation, the length 
of time of heating, and the physical character of 
the original material. 'The apparent density 
depends mainly on the iineness of the iiarticles, 
decreasing as the fineness increases up to a 
certain point. • 

When heated in vacud to 530°. rod lead is 
rapidly and completely converted into lithaige. 
Heated m a closed space, between certain limits 
of tenipcraturo, the coiiifxiuml is dissociated 
into litharge (greenish-yellow in colour) and 
oxygen, and an equilihrium-sjsL'ni oI two com- 
ponents in three phases is established, 'I'ho 
dissoeiation-prcHSure of the compound is thus 
a finietion of the temperature. ^J'ho pressme- 
temjieraluro curve lias been deti'rmineci by 
Heiml^^rs and Hamburger (Zeitseh. anorg. ('hern. 
1914, 89, *71) between the te1ft|)eratures 445° and 
t)07°. It is smooth and gives no evidence of 
the formation of iutiTiiicdiate eoinpounds or 
solid Hohitions. When the oxide has been 
purified by oxti-actioii with soliitionK of acetate 
or nitrati' of lead, equilibrium is much more 
slowly attained than when the oxide is enide. 
(For the action of oxygen on litharge at high 
temperature and pressure, sep p. 8fi.) 

Several methods for the ])reparation of (inre 
Pb,,Oi have been given bv IVlilbauor (('hem. 
Zeit. 1914, 38, 477, 559, 558, 587; e. also 
iJuimiH, Ann. (!him. 1832, 49, 398; and Levol, 

■ %ln(L 1840, 75, 108). For example : (1) oxtrae,- 
, tioii with 10 ]).(!. solution of nitrate or acetate 
' of lead, or with cmicciiitrated potash solution, 

, of the oxide obtained by oxidising litharge at 
470°, or that obtainerl by fusing litharge and* 
potassium nitrate. (2) By heating load peroxide 
PbO.2 with molten nitre at 470 ’ amf extracting 
the jiroduet with water. ^3) By heating a 
mixture of monoxide and pof oxide of lead 
j (3Pb(.) ; 2Pb()2) with a solution of caustic 
I ]»otasii eontaming 200 grams KOH dissolved in 
100 e.c. water. 

Rod lead is regarded by some chomistH, 
following J)unuis(op. rit.), as lead orthoplum bate 
PbjjPb04, and its formation as dini to the com- 
bination of the basic monoxide PbO with the 
acidic dioxide PbOo, which i.s the initial oxida- 
tion-product of the monoitido. Under particular 
conditions of oxidation the mota- or the liyro- 
, plumbate may be formed in a similar manner 
(/'. p. 80). if a mixture of litharge and red 
lead of higli active oxygen -content be comjiared 
' with a rcxl lead of lower aitivo f'piygen-contciit, 
but equal to that of the mixture, it will be 
observed that they differ, especially with respect 
to their behaviour towards linseed oil. 8ueh 
facts have led to 'speculations on the ebeinieal 
, nature of red lead and its relationship to litharge. 

I Mendeleeff’s liyj) ithesis of the polymerisation of 
lead monoxide (and other oxides) has been 
applied by ^^'ade to th<? problem under con- 
sideration. It is assumed that the polymeride 
' has some suc^h formula as PbjgOjg ; that oxida- 
tion of litharge trkes place gradually and 
uniformly through the mass and in such a way 
that successive stages, PbjaOjj, I’bjaO.^, &c., 
are passed through. When the stage of oxida- 
tion represented by Pbi20i,(=4Pb304) is 
reached then pure red lead is the product. 
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Many of the present obscurities on this | 
Rubject will probably vanish when knowledge of i 
the homogeneity or otherwis# of the grains of j 
red load has been acquired. ; 

When heated, reil lead assumes a. darker 
shade of rod, becoming violet and ultimately | 
black ; it regains its original tint on cooling, it i 
is deconyiosed by nitne aeid, l«‘ad nitrate and | 
the ])U#^- coll) 11 red peioxidc ]*bO^ b»‘mg formed ; 
when mgested with nitrii; acid and a little sugar, 
the red load is eomf)l(d<‘ly dis.HoJved Alcohol 
exerts a reducing action similar to that of sugar ; 
tlio lead passes into solution as nitrate and the > 
alcohol is oxidised to acctuldeliyde. RoJ lead is ] 
used as a piynient, and in the manufacture of flint 
glass and optieaVglass. Wlien used ioi the latter 
it must he free from iron, copper, antimony, 
nu'tallic lead, and lead siilpliate It. is also nsial 
as a eeinent in making stisiin [omts, and in the 
manufacture of seeoiidiiry battfUies. 

ll7o/c /rod, lUaiicdt Plnuib, 

'rill', term ‘ white lead ' lias been used in Kngland 
for at least three centuries to deserilH' th(‘ 
mixture of basic caiiioiiate (or i aiiionates) id 
lead and varying (luniit it u'.s of otliei liso! com- 
pounds. whicli IS ]»rodiited by the action ol an, 
moisture, cai bon dioMile, and acidic, acid iijM'ii 
lead Witlnn comparatively leicnt. times, otliiu' 
methods of mamilaetuniig white lead ha\e 
been developi'd, hut most oi the outjmt at th(‘ 
present day is still deiived fiom the reai tion 
of the above-named materia !s and by nudlioils 
which are only variations of tliose iisid by the 
ancients. 

The qunciss.- It is estimated that 

about 7<l ]».e. of the \yhit(' h'ad piodueed in 
England is niade by the stack ])roeess 'i’his 

dcvelojied from the old Didcb, and still 
earlier, ])roiesse>', in wdiicb lead ami pots of 
vinegar wi’ft- embeildeil in fermenting bor.se dung 
aiid stable litter. ^/I’lie \mcgar is nqilaced by 
acetic aeul, pA'pared from ]>vioJigneons acid 
and the dung by sjient tan. 

'Pile siibstitiilion ol spent tan for stablejitter 
iniminises the risk of diseoloiation of the white 
lead by siiijilinretted Jiydiogen, but the fiTinen- 
tatioii is somewhat slower, ami eon-sequently 
tlie conversion of (he ‘ hlui' ’ lead into Avhit(‘ 
lead requires a gieater length ol time. 'I’he 
fermentation of the tan is tliought to he due, at. 
jii’st, to liaeleiial actii);i. In any ease, heat is 
develoiK'd and the temjieratuie 'may use to 
Htb'tk, tlioiigh bO' bO' IS inoie usual, i’he 
carbon dioxide necessary for the jiroeess is 
produi'cd in the feimeutaiioii, and the tan jiarts 
with inueh of its wati^'. ^ 

idle lead used for llic maiuifaeture of wiiitc 
lead sliould be pure, and the maniifaeturer 
usually reliiies it for the jmrjioHe. iiie presence 
of small amounts of^vojijier i^’- antimony tends 
to produce a white lead having a dull grey 
tint. A red or ]unk colour, a,^ turn's ohserved 
in the white lead, has lieen attiibuled to tlu* 
presence of a suboxid^ of lead by llannow and 
Kraeiner (Rer. 1872, 51,7 ; 1873, 21 ), an explana- 
tion admitted by Lorselicid, but according 
to Baker the coloration is eau^^ed by tli^' 
presence of finely divided oxy (’ompounds of 
sih-er. The lead is east into thin sheets of 
lattice work or gratings, so as to expose a large 
surface to reaction, by pouring molten lead on 
to a sloinng grooved iron plate, from wdiich, on 


soifdifying, the crates, buckles, filatee, straps, 
or wickets, as they are variously styled, arc 
easily detached. Some is also cast in thin 
circular discs or stars. In sonic of the works 
in this country and in America, the ‘ plates ’ 
and ‘ wickets ’ are cast by machinery, iiie 
machine eon.sists of an endiess band of square 



bio. 28. — i’lih Stack Bi<o('Ks.s (diagiammatic) 


! ir, liour lioiinh ; h, h'loor lx ams ; r, V\()(mI blocks 
k(‘i pitm iK-ililiti apart ; i/ beams iiiiicr wood blocks, 
c, ('orrodmy »lri]»s ot tc.ul , /, K.irthcnWiOc iiots foa* 

' taiiiliiK dilute at cl 11 at id, i/. .Sjicnl. oak bark. 

' ])late.s of iron linked together, eac,h ]>ldl.e being 
a mould, into winch tbe lead is poured as the 
platc.s are slowly moved undej tlie siioiit of 
tht'^it'ad -pot. i’he eastings aic deliveicd at the 
end on a li'athei belttoxeiei with jilates of sheet 
iron to pic\cnt tlu' Init h aii jnjv.iing the leather, 
i’his imieliim' can make from 5()-6() eastings 
j)er minute. 

i’lie eoi Hiding house or stailw is a briek- 
Avoik (iiaml)cr having an atea of 12 feet by 
20 fi'ct. OI l(i fei't square, and a height <vf 25 lei't. 
iiie front wall of tlie eluimber i.s provided with 
an opennig, i feet wide, iumii#ig fiom the top to 



r * 

Fn:. 29. — i’ilE OHAkBKTl PlUlCESS 


• (diagramniatic)^ 

( 1 , St laps ot lead , 6, (JhiIioiuc acid gas • c, Oxygen ; 

' d. AValor \aj)our; e. Acetic acid vapour. ' 

' the b'ottom, which serves for the introductioft of 
the materials used in the construction of the 
I stack. As the building of th(‘ stack proceeds 
j the opening is closed by boards fitting into 
I slots, the top being, however, left open for the 
' pui’jiose of inspection. The stack is built up 
! as follows ; First, the floor of the chamber is 
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covered with n layer of awhes, upon which ia ; 
apread spent tan, already in a state of fermenta- 
tion ; tiie thickness of this first bed of tan is 
3 feet. The tan is beaten down and the surface 
levelled, and on the bed so formed earthenware 
pots, partially filled witli a 2 or 3 p.e. solution 
of aootie aciil. are placed side by side, leaviujr 
a space about 0 inches wide between the outside 
rows and the w'alls of the ehainber. The pots 
ordinarily used are* of two sizes; the larger 
ones are jirovided with a rim on the inside, 
on l4iieh discs of the ^netal rest. 'Phey aie 
placed along the edges and sujiport the wooden 
bearers ithicli carry the llooring hoards usimI to 
cover in the hed. Sometimes, pots of one size 
only are used, and the flooring hoards are sup- 
jjoi’ted by bloiflcs of W(4o(l. On the top of the 
earthenware ])otMare placed the crates of metallic 
leaif, so as to form a layer ot lead about/3ii5 
inehes in dejitli ;> between the learl and the eo\er 
of flooring boards is left a sjiace of from* <> to 
8 inches. 'Phe space between the walls 'ot tlie 
chamber and the pots is filled in with tan on all 
sidi's, tlic opc^iig in trout beitig closed by boards. 
On the beil so (‘onstrueti'd aiiotlu'r bed ih built in 
exactly till' s.inu' way, with the exi'cptioii that 
ill the eoiistniction ot tlic uppei tx'ds the l.iyer 
of tan is,iftnly about- 1 foot in tbukiiess. in 
tins way t^^^ cliaitibi'i's are tilled up to a hei^hl 
ot 2(t f('(‘t more, and thi' tojunost bed is 
coveri'd with a Inyi'r of fan. In stai ks ot ari'a 
12 feet by 20 feet, 3 tons of load are set 
pel fieight and about 1000 pots ot fij inches 
dia meter, containing 20() gallons of dilute acetic 
acid. Ill st.ick^^ 2H leet, l)y 1-1 feet, I'licli licight 
or set, lUfU' eontffin as niucli as 7 tons ot lead, 
ttie totimor a stack of 12 heights being H4 tons 

After the stack is built it is left to itself for 
about three mont|^s. It, is then unloaded, the 
to)) eoM'fiBg of tan is removed, and tlu' bark 
winch isliot mofldy is used to add to fresh tan 
III the construction of another stack. 'Phe 
'corrosions' jucsitxc the form of fhe^'astings 
ot the metal, but arc mori' luilky. and jirescnt a 
white ojiaipie appearanei\ They vary in tr'xtiire ; 
the best coitosuMis are hard and jiorcellanoiis, 
ami can be easdy bandied without crumbling, 
wJnIst the jioorer are of a flijury character ami 
(■nimble easily when touched, in places the 
white* lead is diKculoured,*owing to the tarry 
matl(*r present m 4ie acid used or t^ dropjiings 
h\ water from the tan. Before lemoval of the 
corrosions from the stack, each layer Rs it is 
e.xposed is thoroughly moistened with water 
to keef) down the dust. It is usual to find the 
earthenware pots quite cm])ty and dry, though 
a few^ may contain water ; the })ots are w'ashed 
and drained, and used again. The pieces of 
white lead which fall on the bed of tan ^re 
fiieki'd 11 ]) by hand, the surface of the bed is 
also raked and a further quifiitity of ^hitc lead 
is got from the tan by washing it on sieve.s in a 
stream of water.* 

The tra^ of corrosions taken from the stack 
are ^ink in a ci.stern of water and the contents 
are directed by means of rakes between corru- 
gated rolleis running under a stream of water. 
After the blue lead has been separated, the white 
lead is crushed by jiassing through a jiair of 
.smooth rollers, made of gun-mctal, and raked 
about over a jierforated plate under a constant 
spray of water, 'i’he coarse w'hite lead ne.xt 
VoL. IV.— T. 


passes to horizontal grinding stones, to which 
it i.s fed by a ladle or by an endless bamk After 
jiassing through these stones, the white lead 
issues in the form of a thick white mnil, and is 
again jias-sed through other grinding stones 
until it has been reduced to a state of subdivision 
HO fine that it is earned along by Ihe .stream of 
water to the settling tanks ; the lead 

which .settle.s out in the troughs used i4#«uivey 
ihe wuiter to the tanks is returned 1 o the grinding 
■stone.s. The grinding and levigating are con- 
ducted ill si)i|h a way that the water may be 
used over again. Before (lischarging the wcitcr, 
sodium eaiboiiate solution is added to ])ri'ci])i- 
iate the k'ad. present as soluble m'eli4,e. Some- 
times tlu' sodium carbonalo is aililed during the 
gniidiiig ])roeess and tlie resulting sodium 
iiectab' eliminated in the setfimg tubs and filter 
presses. It is ess(>ntial that wdnte lend should 
be fri* 4 ' from lead acetate. 

In tlfe tanks the while lAd gradually settles 
and foims a thick whiti' paste, from wliieh the 
wati'r is siphoned off, aiwJ when the mud has 
attained a snflicient eon.sistenee it is ladleil out 
jiilo the dishes used for drying it. 'I’lu' dishes 
ari' .shallow' clay saucers, 12 inches diameter 
am! 3 inches dei'p, ami mai'e of clay similar 
to that, employed m making llowi'r ])ots. 'Pin* 
dishes aie stacked in drying stoves n])oii shelves 
mad<' of iron bars, Ibe st,o\es ai(' heated by iron 
pijK's mad(' to ciieulati' round the floor of the 
sto\e, ami eonneefed w'flli a firt'plaee outside 
the stove, the produels of combustion from ibe 
fire jia.ssing tlirougb tlu' jiijii's. In tills way 
tile ]uilp, which coiitains 2.7 30 ji.e. of water, 
IS gradually ilucvl ; the temp('ratuie of the 
stores should not use al)o\e I80'i'\ 

Drying is also perfoi mod in steam -heated cop]iei* 
jians, and under reduced pressure. 3'he white 
lead when dry is packed in easkH*or ground 
and mixed with oil to forig a |)Uint,. Boiled 
linsi'cd oil IS uH('d for this jiuTjiose, and the 
‘ pasti' ’ jirodiiced eontaiiis (i-!l ]).e. of oil. 
Dniitg the grinding, s(»ine nianufaetnreis add 
a small (iiiantity oi a blue colouring matter such 
as Pru.ssian him' or imligo to tlu* wliite k'ad to 
moddy the stiinewbat yellowish tint due to 
the stains from the bark. 

To obviate the dangi'is attending the drying 
of the ])ulp, the method jiateiited hy Ismay 
(Bug I'at. 2.3000, 180.5), lyid known as ‘ pulping,’ 

; lias been aclojited with eonsiderable sueeess. 

I In thi.s proee.sH, the white lead pul]) fron#lhe 
filter presses is mixed with oil and thoroughly 
agitated in a pug-mill, with tlie result that tlie 
' gri'ater |H)rtion of the wat^'i' is disjilaeed by the 
, oil ; the last ])ortion of water i? driven off hy 
I using a jmg-mill, provided with a heating jacket, 

J in which the mixture is h(?ated to a definite 
i and regulated ten^ierat urchin a yiartial vacuum. 

I This method crmtribules a eonsiderable hygienic 
advance. • 

One of the great disadv.aniages of the 
stack process is tiie lack'of eontn*! of the fer- 
mentation of the tan. Jn ])ra<'tie(‘, great atten- 
tion is ])aidJio this subject, the tan being kept 
ttnder close observakon during the building of 
the stack Any irregularities^n action, arising 
during the corrosion, naturally affect , the 
develo]mient of heat, which influences the 
evaporation of the acetic acid, and the generation 
of carbon dioxide. 
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T’/tfi Chamber Price.ss has been developed 
chiefly in Clennany and is there used extensively. 
In this country, (Jookstjii’s V’hamber Process, 
modelled on the (jlerman, is in operation on tJie 
'I'yne. Tin* outstandint^ difleren<-es between the 
chamber and flic atziek are that tan 

is dispensed with as a .«oiire(‘ of heal and enrhon 
dioxide; all the necchsary nudenals are passed 
into tile corroding chain bers in regulated 
quantities and very thorough control of tom- 
peratiire and other factors is jaissible. 

'I’he corroding ctininbers arc built of brick 
and are about 21 feet high and 20-2i) feet 
square. The gases are giMuaated iMuiealh the 
chaniboTH i^nd enter them through pijie.s in the 
floor ; at the to]) of the idiarnbers there are 
ofxjnings for vcaitilation which can he closed, if 
neei'ssary, by woothai plugs. Air is .adrnitbul 
through the sides of the chamlKT, near the base. 

The refined lead for corrosion is cnsl' ndo 
8tra])s, without pei¥t)ration.s, and tliinfler than 
those used in the stack process; these are 
slung over sticks which are earned on arches. 
'I'he total weight of lead st'i in an average 
(diamher is 'Ifi- 55 tons. Carbon dioxide is 
generated by burning weighed qiiantitii'S of 
coke, of known coin]iosition, the weight of 
carbon burnt being only slightly in excess of 


gases. The spaciousness of the chambers is 
po8.sibly also an advantage, since it favours the 
i convection and diffusion of the gases and the 
establi.shmcnt of uniform ooni[)oHitioii. The 
1 ahsenee of dirty bark and coloured drijipings 
rcKults in the white lead being cleaner than that 
firoduced in ilin si ticks, (^oinjmrisun of the 
two produeffi sliow.s the stack W'hite lead to 
have a pronounced grey colour, whereas the 
ehamber product is ])ure whito. By selectiun 
of the conqiosition of the reacting gases, a 
eoiTodi'i- <‘un natunilly cause the oompi sition 
f)f the white lead to vary within wah^ limits; 
actually, he works for a product of uniform 
coiii])ositioii. An averagi' amilvsij! shows : 
I’bO - StH ; CO.-lMl ; 11,(1 2T* p.e . which 

eorres])oiids elo.sely with the formula 

HPb{ 1 . 2 C() 2 ,HoO (cHleulated : PhO -Sn;!; CO^ 
I14; 2-.‘l) For similar grades of 

fineiigss, the amount of ‘ eoarsi’ ’ (normal) 
earbonute, iiisoluble in dilute acetic acid of 
th(‘ same strength is only 0-1 to 0-5 p.e. fur the 
ehamber white lead, but it varies from b to 20 
])c. for the sta(.k*wbite lend. 'Fbe following 
iigurc'', which an* averages o\'er a long periorl, 
illusliate this difference of <‘aj-bon.ation in the 
two processes ; 


the amount eventually eontanieil in the wliitr* Clninbcr 

lead, reckoning on an average coirosion. Water wn/tr lead '' '^hile Irail 


and aeotie aeul ui'c* evaixuated in tire-heated i iIkis 

copper ])ots, somewhat iiiori' acid being usisl > ' ‘ , Oulmary i Siioit 


than in the stack ])roc(“s.s. 'I'lie tcnqx'iature 


run I run 


is l]()‘'-7()''( ' , and the heat is snppliod Ity the 


hot gases, supplemeuteci to some extent by llu* 
heat of chemical act ion, t 


)i-|.('n.y 1*1.(011), 


vHH lo g r^i> 


2 07 


The time of corrosion is from A'l to OU days, 

^nd the jiroportion ot the ieail corroded' is The gieaier extent of lails.nation of the 
greater than in the stack ])voei*ss ; it dei.emls , .stack ])roduct is thus eleavly shown Wh(*Ti 
on the 8ize*'and wi'ight of t he Ktra])s and on the ; (.!„• .stack is worked on a sliort lun (a^mut half 
quantity ol lead get in each heiglil Befoie tlm noimal) the earlionat'on- is imt so j)ro- 
stripping, the ehamhers are thoroughly drenched noiiiieed and the white leml ajiproxImateB in 
with wniter hy mf*ans of special sfirnys ])laeed charactfr and eomim.sition to the ehamber 
in the ventilating holes. The corrosions are product, 
taken to the grinding mills .iiid are treated in 

the same manner as those produced in the stack .p /. ? 

' llIK ( HF.MIHTKY OK W lllTF Lk.AJ). 

JJrt H uob. 

The follow'ing analyses of ehamber gases 'riiough so much has been written on this 
are averages, v)\i‘r a long j)(*nod, for two suhjeet, it cannot he said lliat our knowledge 
ehamhers ; , <*1 the many ehanj^b which take place in the 

1 ^ 2 , cimversion^f lead into wlut# lead by the stack 

Oxygen . . 14-p ‘ 15-4 or chamber proee.ss is in a satisfactory eonditioii, 

'arhon dioxide . O-bT 0-24 ami tlie general tendency t(, sjionk of w^hitc 

lead as a compound, instead of a commercial 
These tigures are in.structiie a.s showing the preparation, has given a tqiunous air of si iriplioitv 

extent to wliioh at mo, spheric oxygen is^.ihsorhed , to what is, iii reality, a very complicated 
in the process. 4'his ])oni1 may he empliasiscd ]»roblem. 

by a simple calculation. Suppo'-e that ,50 tons All are agreed that corrosions are not uniform 
of load are set in a ehamber 25 feet cube and in ..composition : thev vary from layer to layer 
that 00 p.e. is corrod(]d in bO days. The average ’ and contain one or more basic carbonates of 
tem]iornturo being ; then the w'eight of lead ancf, in addition, vieetate and normal 
atmospheric oxygen absorbed vj> 2-8 tons, which ' carbonate of lead and, possibly, lead hydroxide, 
occujiies ()2,300 cubic feet at bO®. 'I'he absorp , The futility of calculating fomiul® from the 
tion of oxygen is thus; in round numbers, 1000 ' analyse.s of selected pieces of eorr.sions is at 
cubic feet a day, which is equivalent to one-third once .apparent. 

the air-oontents of the chamber. 'I’lq] atmosphere ! White lead itself is a more uniform product 
of the chambers is saturated with water vapoui. and is probably simpler from a chemical point 
The pressure of this at bO'’ is 150 nun., st) that of view Most of the lead acetate, normally 
the gases contain 20 p c. of water vapour present in the corrosions to the extent of 2 p.e'.. 

One great merit of the ehamber process lies lias cither been washed out or precipitated as 
In the control which i*an be exercised over the basie carbonate, either by the carbon dioxide 
temperature and the eom])osition of the reacting of the air or by the addition of sodium carbonate. 
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ftnd any lead hydroxide which may have been . 
present originally has likewise been converted | 
into basic carbonate during the washing process ; 
and though normal carbonate of lead is probably ' 
present in nil samples, the (jiiantity of it mny | 
be small. The question tlum arises whcthei 
the bulk of the finislicd white' lend can be ; 
regarded as consisting of one compound, and, 
if so, what formula nj’e we to assign to it ? 

The ability 'of manufacturers to turn out ! 
white load of tairly eoqstnnt eomposilion, in 
tolcr^le agreement with the formula 

• 2HbC()3.rb(UH)a 

has natiiraJly led most writers on tlie subject 
to conelude t-hat this ^ompound is the basis, 
as it were, of white lead, thougli it would be 
logit*inato to infer that a complex mixture, say. 
of normal and hasu; carbonates of lead was in all 
oases pivnlueeil and that uniformity in cofojiosi- 
tioipwas only a measure of the inmtrol of eoi« 
ditions exorcised during the mamifaetunng 
proec«s. 

Th(‘ diflioulty of deciding between these 
views arises from tlii' poor eharaeterisalion (d 
the material and the consequent lack of satis- 
faeiory criteria for tlu' existmiee of any rletiniti' 
conpiounds in white lead, except tlie crystalline- 
normal carh(innt(\ whudi is often only a sub- 
sidiary constituent. As. however, a deliiiite 
basic earbonate of the coinpositnm 

2Pbr()., l'b{()ll). ^ 

does exist (TIawley, .1. IMiys. (Jhem. 1 ttdO, 10, 054), 
and as it can bev pri'parcd by similar methods 
and resembles white lead in })iopeities, it maybe 
assumed that this compound is a constituent, 
and ])ossibIy an imjiortaiit one, of a good white 
lead, and the quesfion of the yiresenci' ot other 
basic ea^^jnnatea in white lead may be hdi 
oyien. 'I'bc old ufea, whicli still crop.s nj> on oeca* 
aion, that white lead is a mixture <if hydroxide 
and carbonate of lead is erioncous, and ft might 
be well to minimi.se the y)o.s.sibilitv of tliis error 
by writing the formula of the basic carbonate 
on ail analytical basis as 3rbO'2t’()2'H gD- : 
This ,woukl have tlie further advantage of dis- I 
coiiraging names with a constitutional connota- 
tion, 'and it might cm^ the absurdity of i 
representing white lead with a stnictural | 
formula. 4'ho .statf'meni, so oftoii*met with, 
that a white lead has the ‘ theoretical cqjmposi- 
tion ’ must be read m the light of the above 
qualUiiiatious. 

The explanation of the corrosion yirooess put 
forward by l^h big and Hochstetter (1837) is 
generally accepted, differences of opinion 
arising over what are, relatively speaking, 
minor points. The reactions postulated are :• 

1. (3xidation of lead, in j-wesencetof water, 
by atmospheric oxygen a’nd conversion of load 
hydroxide into l§ad acetate by means of acetic 
acid ; 

2. Forml^tion of basic lead acetate by reac- 
tion between lead hydroxide and (normal) 'lead 
acetate ; 

3. Double decomposition of basic acetate of 
lead and carbonic acid, with production of basio 
carbonate of lead and regeneration of acetic 
acid. The acetic acid is immediately converted 
into its lead salt, during active corrosion, and 
this by combining with more lead hydroxide 


sets up afresh this cycle of changes. Viewed 
otherwise, one m^y regard the normal lead 
acetate solution as the solvent in which lead 
hyilroxide, produced by direct oxidation of the 
metal, is continuously dissolving, and from whicli 
it IS being continuously iircciyiitated as basic 
carboniilc of lead by the carbonic acid. 

The assumption of this succession of reactions, 
though satisfactory enough as coniierfts the 
maiu issue, yet fails to represent the complexity 
i of the con'oding-house process, for clearly there 
must be. ceaseless competition of the various 
I bases present for the two acids. Full discus- 
‘ sion of this jiroblem would be out of pliici' here, 

; but brief nieiition may be made sifme effects 
which would follow disturbance of what might 
bo enllcd the normal process of corrosion. 

Excess of acotie acid would tend to form 
’ normal lead acetate, both fioiii the basic acetate 
and tift; Juiaic carbonate ; i^liis were followed 
by excess of carbonic aciih the normal lead 
carbonate would be jirecifiitated. I’ko dis- 
apjK'arancc of the core of blue load from a 
corrosion, owing to the complete oxidation of 
the metal, wonlil stiqi the feed of lend hydroxide 
into the reacting sy.'-fem with the result that 
normal lead acetate would be produced and this 
again would yield normal c.aibonato by reaction 
wifh caiboii dioxide. Finally, excess of carbon 
dioxide conviTts the basic carbonate of lead 
, it.scif .slowly into the normal cnibonate. 

'I’hc- general result of tlicse cliangcs is thus 
' to ineroa.se the amount of normal carbonat-e of 
; li'ad III 1,ho (corrosions, and the relative stability 
; of that compound towards both acetic and 
1 carbonic acids lends tef its preservation. Thus 
j by th(> a..ssum(i4ion of those simple and probable^ 
ri'actions one can explain the degradation of 
j white load, that is, the prodiictiim from the 
I b.asie earbonate of a ])rcpai'ation rich in coarse 
' earlioriafcand not eoiiformini^o the ‘ theondical 
' composition.’ 

Oi^irr method^' '>f Whtc Lf’fid. — A great 

many methods have been suggested and put 
into operation ; most of tlieso are flow only of 
historual interest, and none has attained 
(('elinieal inifiortanee (xmiparable wdh the stack 
and clmniher processt's. Some of the methods 
are based on the old process, that is, they use 
lead acetaU' as intermediary ; examjiles of 
these arc th<' French or 4'lichy, and the (jarter 
jiroccsses. 

i 111 the Erench jirocess, basic lead acetate is 
produced by digesting litharge with acotie acid ; 
or, in a modified form of the process, by oxidising 
lead powder or ribbon with aiivn proflence of 
lead acetate .solution. 'J’he solution is then 
clarified by sottling and carbonated, the white 
lead separated fropjthe lead acetat e solution, and 
the latter returned to the jf^oeessTor conversion 
into basic acetate. 

3Tie Carter process, used succes.sfulJy in 
America, shortens the time of corrosion to 
12 days by operating on finely divided lead which 
is kept in constant agitation. The granulation 

the meta^ is brought about by allowing a 
jet of higb-jiressur^ steam to impinge on a 
stream of molten lead. This metal is then 
placed in large wooden drums, which revolve 
slowly, and is sprayed at intervals with water 
and acetic acid Flue gases, containing 10 p.c. 
of carbon dioxide, purified by bog ore, are passed 
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through. Tho unchanged lead ia con.«!tantly 
exposed by attrition. Tlie ]jrodiict is levigated 
in the usual manner. 

Basie salts otlier than the acetate have 
been suggested or employed in some processes. 
In one of these the, Itasic nitrate is used ; in 
Milner's process, the basic clilonde, 'I’he latter 
compound is jin^pared from litharge, sodnim 
ohlorifte, and waler, and the n snlting shulgi* <tf 
basic chhjride and caustic soda i.s carbonated 
until the liquor is fri'c from alkali. White lead 
and sodium chloride are thus produced and the 
salt IS removed by washing. 

'(’ho Hiscliof proci'Ks, worked by thi‘ lirims- 
down Leatl C'(t in .Muhllesex, differs, esjx'mally 
in the initial stagi's, from any of the above. 
Flake litharge is ground finely and reduced by 
water-gas to tho black suli-oxule of lead, l‘bg() 
(e. p. sn). 'riiis IS transferred to steel pans, 
moi.stcncd with a ||^nitc(l quantity of \ya*^'r and 
well stirred by r(‘\oIving blades. Hydration 
and oxidation tak(‘ jilace. 'I'he pioduct is 
niixi'd into a juiste witli water and caibonated, 
after addition of a little acetic acid White 
lead is formed, presumably with simultaneous 
generation of load acetate, which forms basic 
acetate with tho hydroxide and thus ]>lays the 
])art of catalyst. 'I’he whole ojieration lasts 
about two days. 

One of tho most, interesting methods for 
making wdnte lead is used in America, and is 
called the Rowk'y or Mild process. Acetic acid 
and its salts, as well as salts of othm* acids 
(hydrochloric, nitrh-, &c.) arc duqxm.sed with 
altogether, and the n'ai'iing substanci's are the 
simidost possible, viz. k’ad, oxygin, water, and 
^carbon dioxide, '[’hi* haul, whit^h ni'ed not be 
of a high degree of pnnty, is fiiudy gianulated 
as in the (^arler proeess, and the hlaek, metallic 
sludge is agitated 24 Ibi hoiiis in ]iresen(<' of 
air, 80-00 p.f. if tlie metal being tluTeby 
oxidised and converted into ‘ liydrated lead.’ 
'I’liis i.s elutriated and then treated for tbi^Jiours 
in rotary (’arbonators with flue gases containing 
18 pc. of carbon dioxide, wbereby white lead 
is firoilueed, 'I'he jirodnct requiri'S no washing 
or grinding and is said to have the ‘ theoretical ’ 
eoinpositioii 

Propcriicn of White Lmr/. — ( ’lunmereial white 
leads are not of uniform cumjiosition and they 
vary a good deal with n^speet to tliose imjiorlant 
properties upon which tlieir usi* as a ingment 
depends. Such variations are, howeve^’, not 
uniquely conueeted with comjiosition , they 
depend also on the fineness and umformity of 
grain, on the jv'esence of normal lead Carbonate 
and, possibly, on many other conditions, A 
sample of ‘ theoretical ’ com]>o.sition is not 
necessarily the best in actual practice. It 
seems to bo adtnifted- however, that the carbon j 
dioxide should fall between II and 13 p.c., i 
otherwise the white lead is defec<iive as a jiigracnt. ; 

So far as it is possible to generalise on a I 
product which is not uniform, it may be stated ■ 
that white lead is amorphous, of sp.gr. Iv4r), i 
and it lose.s water completely at 150" w ithout ! 
parting with carbon dioxide* Tho grain depends j 
on the method of preparation and the grinding, i 
d'he grains of mild white lead are uniform in I 
awe. whereas those from material prepared by | 
the stack process vary in diameter from 04)0002 ■ 
to 0‘0002(i inch. Probably most samples con- * 


tain crystalline normal load carbonate, some of 
which is left as residue when the white lead 
reacts with dilute acetic acid. 'I'he analysis 
of such a residue from the ehambiT lead shows 
it to consist e,ss(*ntuilly of lead carbonate : 

Pb(’()., . . 07-81 p.c. 

I J’bSO, . . 0-84 


I Organic matter . Oil .. ^ 

' 100-07 

• 

It is geiu>rallv admifled tluif this frystalline 
! Carbonate i.s u.selc.ss ns jugmenf. 

.Much eontrnversv has ar'sen wdth r^urd 
I to th(‘ changes which tnk(' ]»laec wIkmi white 
lead^s grniitul woth linsinsl oil, the main issue 
' bi'iiig wdielher hy<lrolysis of flu' oil fakes [dace 
j or not. Jf any [(articular ])i('pai’ation of white 
[haul eonfamed h'ad h\dro\id«', if, w'ould be 
j natuial to ex[«Ht ^lydrolys’s or saponification ; 
’ hut if it eoiisi.sled of a mixture of normal and 
basil; eaihoiuites of lead, there would hi' no 
reason u to antieipati' such a reaolioii. 

'I'he expenmental work of Davis and Klein 
(.1. Sue. ('hem Ind. 1007, 20) ha.s shown that 
li'ad soa[)S ar<' mdeed iotmeil fiom white lead 
and linsi'cil oil. and that, somi* of these are 
ins((luhle and others soluble in ether, luit these 
authors asenhe thi-ir f(»rma1ioii entirely to 
reaction of the wliitc lend with the free fatty 
acids [(ri'sent m the oil. 'I’he ey idenee is against 
sa])(»nilieatiuM ; in any ease, \ery small amounts 
of lead soa[)s ari' formed. 

Two objections to the use of wliiti' lead as 
])aint are that it is iliseohnired by hydiogen 
Mil|)liule, nw'ing to the formal ion ,of black 
li'ad siil]ihid(', and that il suffers from 
‘ehnlkmg' or ‘flouring,’ a kind of granulation. 
The detvet last mentioned sometimes becomes 
evident a few months after the application of 
tho paint. Its cause is oliseure and has been 
variously traced to the prosenoe ol fatty acids 
i in tho oil, over-beating during grinding, and the 
j [iresenee of h-ad acetate in the white lead (vee 
I Holley, Zinc and Le|d Pigments). 

fo7 White Lvnd. — ‘(Genuine’ 
brands ofAvhile lead are «pure in England; 

I adulteration of white lead with barium sulidiate 
I is recognised both by nuumfaeturers and 
; merehunts, and such mi.xtiin's are knqwn as 
I ‘reduced' white leads. Of substitutes proper, 
i mention may be made of the basic chloride and 
' suljibate of lead. 

'J’he basic chloride is now of hi.storical interest 
oniy% its manufacture having been patented 
by Pattin^on in 1849 and abandoned aftt'r some 
years’ trial, ft wSs prepllred from galena by 
converting this into thi' ehlor^ide with hydro- 
chloric acid and precipitating the .solution of 
lead chloride with half its cquivalfrnt of lime. 
The basic chloride has the same compositiita as 
the mineral laurionite, PbO, Fbdj. HaO. 

UartletPH ‘ sublimed white lead ’ is a mixture 
of basic sulphate of lead and zinc oxide. It is 
prepared from high-grade galena concentrates, 
containing some blende, by heating These in a 
modified form of blast-furnaee and directing a 
powerful blastofhotairupon the mineral Galena 
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ia readily volatiliaed at a high temperature, and 
the vapour on oxidation yields a dense fmuo 
■which, after passing through coolers and dust- 
condensing Hues, is filtered through bags. 
When conditions are properly controlled, the 
product is fairly uniform in composition, the 
range of variation of the chief constituents 

being : 

L(tad sulphate « . . 75-80 p c. 

Jjcad oxide . « ■ -1 4-20 „ 

i^nc oxide .. . 5^ (i „ 

'I'lio leaiLis stated if) be j)resent as tlie basic | 
sulphate 2rb.S04-rhi), or 3l‘h(),2S03. The ‘ 
product is a white, line-trraincd, amorphous 
powder, having the co\eiing power of while 
lead. It is less sns('e[)i^hle than white lead to 
disctfloration by hydrogen sulphnh* and its 
specific gravity is slighiJy low'cr, viz.. i)‘2. It 
IS (‘sjieeially useful m malang mixed paintf^ 

• 

Li:ad I'oisoNJNo. 

The com pounds oi li'nd, moie esjieeially the 
soluble ones, are strongly poisonous, ami since 
th(' poison IS eumulative, if ]iiodue(“s serious 
results if taken into th(' system (>v(‘n in minute 
(luantities lor any length of time. Oiu' w'ay in 
winch lend is introduced into the system is 
hy the use of drinking waiters, some of winch 
easily attack the load of the iiijics used for 
conveying the water. Again, the workpeople 
engaged in the manufacture of lead and 
compounds, and those who use them in such 
trades and indpstnes as iiainting, printing, 
})lumhing, file-cutting, enaim'lling, the manu- 
facture of accumulators, china and cartiicnwuiv, 
are hahle to sutler from lead poi.sonuig. 'J'ho 
symptoms are jiaiii in the abdomen, eonstijia- 
tJon, los^ of a])f)ctil(', tliir.st, a nervous prostra- 
tion known as ^(‘ad })alsy, eiiilejitie fits, and 
total paralysis. One of the sign.s of chronic 
lead poisoning is a blue line at the <idgeK of 
the gums, due to the deposition of lead sulphide. 


This lino is, however, not diagnostic ; it is a 
secondary effect arising from a septic condition 
of the mouth and (feldom occurs when the teeth 
are sound and the gums clean. 

I Susceptibility towards lead poisoning depends 
on many things. Women are more susceptible 
' than men, and the underfed are naturally more 
I prone to attack than the well-nourished. 

' Aiuomia is one of the chief predisposing ipuses. 
Most people become tolerant of the poison to 
some degree, a certain balance being struck 
between ab.sorption and .secretion. This balance 
may bo upset, with serious results, hy the 
oii.set of disease or by a sudden increase in 
ab.sorption. • 

In cases of industj'ial poisofling, it would 
apjiear that dust is the eliii'f cause of infection, 
gastro-inte.stinaland cutancou.s absorption being 
(piite of .secondary nn})ortance. Hence, tlio 
use ot cfiieient exhaust ventilation in du.sty 
operations, such as the dryfhg of white lead, 
has ])ecn attended hy a very great decrease in 
the number of cases of ])oisoning, the ()flicial 
figures for Kngli.sh wliit(‘ lend workers being 31M) 
for th(' yc'ur IHDP and 23 for the year 1913. 
In 1918 not a single ease was recorded. 'I’lie 
we.t- pulping process is a great miju'ovemcnt in 
this connection, and other imiiortant factors 
are .seh'ctiun, education and medical inspection 
of the workfolk, provision of resjiirators, overalls, 
and simple medicines, and general attiuitioii to 
hygiene and bodily cleanliness. 

A jiortion of tlic lead taken into the system 
is oxereted by the ladneys, and in eases of 
chronic lead poisoning it is staled that the 
adminiKtration of iiotagsium iodide aids in the 
elimination of lead from the system. The mode 
111 whicli the compounds of this metal are dis» 
tributed in the different organs of the body is 
illustrated hy the following results oi^an exami- 
nation made by Drs. Bedso^i and Drummond 
and Sir 'J'homas Oliver in the eas0 of three work- 
])eo[)l(‘ who .succumbed to the inHuoncc of this 
form^if poisoning : — 



Lcadfouinl cxnrcsscd as nudallic 

Lead m grauis caleiilatcd on 

iJescritition of organ, Ae. 

lead in 

liarts per million 

total weipht of organ 


1 

11 

Ill 

1. 

If. 

111. 

Laj»gc intestine ■ • 

14 i> 

37*7 ! 

— 

— 

— 

— 

Small intestine .... 

9-2 

__ 

— 

— 

— 

— 

Muscle . . • . . • . 

3 1 

— 


• 


' — 

Lung ...... 

2 '2 

74 ; ! 



— 

— 

Heart ...... 

t) 7 

412 ; 

50 

04)243 

0-0189 

001i4 

Margma ..... 

48 

1 

— 



— 

Kidney . . . . 

15-5 

10 ' 

13-3 

0-027 

0 0229 

0-0201 

Spleen ...... 

14-7 

12 • 

39'0 

0 0193 

0-0341 

0-0853 

1 Liver . . . . . . I 

47-7 

37-8 : 

4J(i 

0-0 18 

1-oCo 

0-728 

Cerebellum and pons 

1 30-9 

j 

— 



-- 

Grey matter cif basal ganglia . 

1 r)3» 

1 

— 

— 

— 

— 

\ white substiince . 

1 40-9 

“ 1 

• 

! • 

— 1 


i 18-9 

— 1 

- 

I — 

— j 

— 

Spinal cord .* • 

— 

110 ! 

• 

0-()88 


— 

Brain 

— 

9-8 

2D0 j 

1 

— 

Oerebelhffn ..... 


24 8 ! 

8-59 ; 

i 


— 

PtJns 


22 6 

' 

— 1 


— 

Brain and cerebellum 

— 

• ! 

t ■ 1 

1 

• 

0-779 i 

1 0-634 


Lead suhoxxde PbaO is formed when lead 
Other Compounds of Lead. oxalate is heated in the absence of air 'at a 

Oxides. Besides the wto oxides described temperature below 300® ; or when lead oxide is 
above severaii others exist. reduced with carbon monoxide at 300® (Brislco, 
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Cliem. Soc. Tranp. 1900, 154). It is a black 
veffety powder of sp.gr. 8‘342 at 18^ which is 
readily decoraposcd into tho inetai and the 
monoxide when lieatcd or when treated with 
caustic soda. Dilute acids liberate lead and 
yield the salts derived from the monoxide. 

Lrad stuqnioxide. PbgOa is i^enerally con- 
sidered to be either lead metHpluin bate Pb(Fb03) 
or a ©(impound of the mono- and di- oxides 
PbO-PbOa, into which it is decomposed by 
acids, it is a yellowish-red jiowder, formed by 
adding a solution of sodium livpcx'hlonte to a 
cold potash solution of lead ovule, or by jirccipi- 
tating an acetic acid fuilution (<f rt‘d lead with 
dilute amuioina. 

By heating monoxidi', peritxuh', or carbonate 
of lend to 4(K)''-45() " in oxygen, at a ])iessnre of 
100 atmos])her('s, a daiK brown oxide is formed 
of the composition t*bfDn' 'I'bis may be 
regarded as lead |)yrophimbatc i'b.iWbjOj,), 
and the relation ot pyro- to orUio-]>lumbic acid 
may bo represmitod : 

.‘mjdiO., 41120^ ll,Pb,0, 

(F. Kisehej- and H. Ploci/c, Zcitsch. anorg. 
(Ihem. 1912, 75, 19). 

Lmd peroxidr {Ijcad duH'idc or J'luu -roloitud 
ondc of lead) PbO? is found native in jd'iUmnie, 
which crystallises in black hexagonal prisms of 
sp.gr. 9‘4. It may be jircparcd i»y the action of 
nitric acid on red lead* by the actuiii of < hloiine 
on a lead salt in the presence ot an alkali, or 
better by the action ot bleaching powder on 
lead chloride (Kehrniann, .1. Soc. (’hem. Jiul. 
1882, 407). A lead ])croxidc suitable to the 
requirements of the andnu^ manufacturer may 
be obtained by adding the rcquy^cd amount (4 
•load oxide to molion caustic soda at the ingbest 
possible temperature, with conslanl stiiring, 
and then rfdfbcient sodium nitiatc foi ovulation. 
The mass is thep I'xtnictcd with lud watiu', 
washed, and ilVied (Minor, -I. Soc. ( hem. Ind, 
1894, 940). 

Normal or basic haul sulphat(‘ may h^ con- 
verted into lead peroxide, liy mixing it with 
magnesia, suspending the mixtiiic in water and 
passing in chlorine. It is purified by treatment 
with boiling 10 p.c., caustic soda, then with hot 
nitric acid. The yield is almost theoretical, and 
the oxide is of 97 i).c, purity, eontainiiig only 
traces of chlorine (Friedrudi, Mallet, and (Aiyi*, 
Monit. Scient. 190(k 2(), 514). 

Che reaction may be re])vcseut.ed thus : 

PbS04 -| MgO -Mg.SO^d PbO; 

PbO + MgO I C'la-- PbO.+MgPj. 

Lead peroxide* may also bo obtained electi-o- 
lytically when water contamiiig less than I p.c. 
of acid, alkali, or salt is electroly.sed, using a lead 
sulphide anode : PbS H oO + AO = PbO g -f H sSt ) 4 
(D. 11. P 102107; m also 1). K P. 124512; 
Eng. Pat 12186, 1901 ; J. »Soo. Ohem. Ind. 
1897, 743 ; ibid. 1902, 620 ; Hollard, Ooinpt. 
rend. 1903, 136, 229). When a strongly alkaline 
pluinbite is oxidised with potas.siuni persulphate*, 
an active oxide, containing 93 p.c., PbOa, i.s 
formed (Panopoius, Chom.iZoit. 1910, 40,339/. 
Pure lead [)eroiide is obtained by oxidising a 
solution of load nitrate in caustic soda (20 p.c.) 
with hydrogen peroxide (Zotier, Bull. Soc. chim. 
1017 , 21 , 2^)). (For other methods of preparing 
the peroxide see, Eng. Pats. 11962, 1889 ; 6954, 


1903 ; Warren, Chem. News, 1896, 144.) Lead 
peroxide is a dark brown, almost black, powder 
of sp.gr. 8'9-9‘2, which is said to keep best when 
moist (Fehrmann, l.r.). Dn exposure to sun- 
light it forms red lead and dissociates on heating 
into lead monoxide and oxygen ; there is no 
evidence of the formation of red lead or any 
otlu^r oxide but litharge in this process (Keinders 
and Hamburger, Ziatseh. anorg. Chem 1914, 
89, 71). It has a powerful oxidising action, 
taking lire when tntura*ted with sulphur, and 
Igniting Hulpliur(*tted hydrogen when thefiatter 
is passed over it, the heat of this reaclion being 
such that explosives like guncotton or picrate 
can be fired and metallic powders igi^ited by its 
aitl (Vanino and Hau.ser, l^.er. 19(X), 33, 625). 
A large number of oi'ganic compounds when 
triturated with it also cause an evoluticgi of 
boat and light, it decomposes or oxidises some 
minyal acids, forming the corresponding lead 
^alt often -with violent evolution of gas. Lead 
peroxide combines readily with sulphur dioxide, 
forming lead sulphate. It can be used for 
separating sulphur' dioxide from carbon dioxide 
and is often employcrl for this purpose and as an 
oxidising agent in tlie analysis of organic com- 
poupds containing sulphur: it has also been 
used in iiioiganic uiuilysis ior the removal ol 
i‘vc(‘ss of suliiliurettod hydrogen or auiiiioniiim 
sulphuh* (Bogdan, Bull. Soc. chim. i903,.29, 594). 
Lend jM'roxidc has be«ui used as a rnorrlant and 
also for the jnvcputation ot other oxide.s on the 
tib\j<‘ (Jhnniel, Bull. Soe. Ind .Vlulhouse, 1894, 
69; (Vuiij)!. rend. 1893, 117, 518). It has also 
been used in the voltaic butti ry and in electrical 
and metallurgical o])erationK (Eng Pat. 10608, 
I8S(>; ,1. 80c. ('hem. Ind. 1888, 37). Lead 
peroxide acts as a weak basic oxide, forming 
unstabli' ([iiadrivakmt h ad SKilts and also as an 
Hcid-lorming oxidi* yielding tin* 'jjliu)ibali.<t, 
(Jilhojdtmihotes ol the composiLon M4Pb()4 and 
mlaplniiihalcs M2Pb0.5,3ll20 or MsPMOll)^ 
have hfccn jirepared (Fremy, Ann. Chim. Phys. 
1844, 1 111.1 12, 490 ; (Iriitziier and Holmcl, Arch. 

: Pliarm. 1895, 233, 512 ; Bellucci and Parravano, 

, (Jazz, chirn. ital. 1905, 35, n. 500).‘ 

4’lie orthoplunibates evolve oxygen when 
I strongly heated, and on this fact has been based 
a method of obtaining oxygen from air on a large 
scale ; the calciunlli^ salt Las also been used 
as an oxkLsing agent (Kas«nei, Arch. Pharm. 
1890, 228, 109; (bid. 1894, 232, 375; ibid. 
1895, 233, 501). 

When calcium meta- or ortboplum^iate is 
heated in a current of air at 200^- 280", calcium 
perplumbaie CaPboO^ is formed (Kassner, 
Arch. Pharm. 1890,“ 237, 409 ; ibid. 1900, 238, 
419). 

%When potassium 2dumbate is treated with 
water at^the ordinary temperature it is com- 
{detoly bydrolysedt and plumbic acid H^PbOg 
remains in solution in the colloidal state (Bellucci 
and Parravano, Attn R. Accaef. Lincei, 1906, v. 
I 15, 11 542, 631 ; Parravano and CaJfcagni, Gazz. 

' chirn. ital. 1907, 37, ii. 264). 

' Lead hydroxide Pb(OH)2 is formed when 
I potassium nitrate is electrolysed, a lead anode 
I being used (Lorenz, Zoitsch. anorg. Chem. 1896, 
I 12, 436). It may also be prepared by heating 
j lead carbonate with water or steam (Eng. Pat. 
i 9521, 1893), or by treating lead sulphate with 
i excels of alkali hydroxide (U. S. Pat. 787451, 
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1905; -see also U. S. Pat 808141, 1905; Fr. 
Pat. 401473, 1909). It acts as a very weak acid 
(Hantzsch, Zeitsoh. anorg. (4iem. 1902, 30, 308 ; 
Kubenbauer, ibid. 331), and has also been 
obtained in a colloidal form (Sziland, J. Chim. 
Phys. 1907, 5, 630). 'I'he action of lead hydroxide 
on sugars is similar to that of the alkali hydrox- 
ides, inducing moleoiilar renrruOgement {Lobry 
de Bruyn and Eckonstcin, Kcc. trav. chim. 189(), 

16, ‘92; U. 8. 'Pat. ^26130, 1903). 

IVo hydrated lcn}t monoxidef< arc known, 
2Pb?^-ll20 or PbO-PbfOH), and SPbO-H.O or 
2 PbO-Ph(OIl) 2 . 'rUe former is obtained as a 
white powder by the action of air and watm* on 
the metal*or by precipil.ating a lead salt with a 
small quantity of alkali or ammonia. It may 
also be obtained in hexflgonal crystals liy cxpos- 
ing.a cold solution of ksad monoxide in caustic 
liotasii to the air (Ludckirig, Amcr. (diem. .1. 
13, 20). The latter basic hydroxide ha';^ been 
prepared by prccijntating basic lend acetige 
with ammonia (Payem, Ann. (Jhim. 1866, (ir. ] 
8, 302). It forms a white crystalliiu' powder or 
ghtb'niig octalu'dra, according to the imdhod of 
prcjiaration. I'he accuracy of ihe.se foi imibe for 
tlie liydrated learl monoxides, as well as for 
lead hydroxide itself, has been recently called 
into question (S (llnsslcmc, Pliem. Soe. 'I'ran.s. 
1922, 58). 

Halogen compounds of lead, 'rin* tlnee sub- 
lialides have been prepoied by beating plumbous 
oxide ni the vapour of the alkyl bididcB ; the 
ehlorido at 31 T, the bromide at 2i)l , the i<ibdc 
at 2()2‘\ d’ho lirat two are gri'y and IIk* iodide 
IS a bright yelhny powder. They aie all dilVicult 
to prejiare, ria] Hiring derinite eondilioiis and the 
maintenance' of temperature and piessuic witlnn 
narrow limits. 'They are oxidised by an, 
I'Sjieeially when nioisl, and arc decomposed into 
rnctal lyul normal halide whi'ii heated above 
their teinju rati4(' ol formation or when brought 
into contact with acids 'They are much less 
soluble than the normal halides, the sdubility- 
dala in milli e(|uivah'nts jier litre at 25'’ being : 
Pb(Jl,2’2-; PbPr, 0*4; Pbl,0‘i7 (II. (1 Denham, 
dourn. (Mn. Hoc. 1917, 111, 29; 1918, 113, 
249). 

The normal halides. Laid cldondi {horn laid, 
pUimlmm corneum) PbC'l^oeeurs native in the 
craters of volcanoes as The mineral colunmle, 
and may bo pre[m.reil readily bylkreating the 
oxide or carbonate with hydrochloric acid or 
by precipitating a fairly concentrated solution 
of a jead salt with a soluble chloride. On a 
large scale it may be prepared by heating 
litharge with a slight excess of hydrochloric 
acid at 200'" and 25 atinos. jiressurc, in an 
autoclave lined with an acul-resisling material 
(Eng. Pal. 12953, 1895; 6ce also Eng. liat.s. 
16213, 1889; 8914, 1895; J. H^e. (Jhom. 

Ind. 1890, 941 ; Md. 189^, 873 ; ibid 1896, 
357). In a eoUoidal form it can bo obtained 
by mixing togeflidr lead acetate or the lead salt 
of any otffer organic acid with an alkali, or 
alkali earth chloride (van do Velde, (Ilicm. Zeit. 

17, 1908). 

Lead chloride forms a white crystalline pre- 
cipitate or white silky rhombic needles of sp.gr. 
5’8. When heated in absence of air it melts 
at 495°, and boils at 946° at 754 mm. Tho 
heat of vaporisation at m.p. is 40,600 oals. It 
is less soluble in dilute hydrochloric acid and in 


solutions of chlorides tliaii in water, liut dissolves 
more readily in concentrated hydrochloric acid 
(Andr6, (loinpt. /end. 1883, 97, 1302 ; Lichy, 
J. Arner. Chem. Hoc. 1903, 25, 469). 'riio 
solubility is at a minimum when there ia 10 p.c. 
of hydrochloric acid in the solution. It dissolves 
111 alkali acetates and in thiosulphates, forming a 
lead thioehlorido Pb^SgCl^ (Hofmann and Wolff. 
P>er. 1904, 37,249). • 

Lead chloride forms double salts with 
ammonium and other mclallie chlorides (Andre, 
(lornpt. rend. 1883, 96. 435; lAirenz and 
j Ituekstuhl, Zeitscli. anorg. I3iem. 1906, 51, 71 ; 

! Ephiann and Harteezko, d/id. 1909, 61, 245; 

I Foote and Levy, Anier. Ehem .L 1947, 37, 119 ; 

' Hoe. Chem, ind. 1909, 707). 

I A largo number of lend oxychlorides are 
' knoAvn, 'ITie compound Pb(32,PbO occurs in 
* nature as tlu' mineral nniltochiti ' ; it forms long 
I thin •'oloiirlesH needles, decomfiosmg at 524‘'' 
i into a mixturo of Pb( 'l3.2l15() and PbO, which 
' fuses eonipletely at 615 ’. 'J’he hydrated oxy- 
I chloride of similar com position constitutes the 
j niiiieial /f/arma/Zc PbC],,Pb().H ^D. PbCl2,2PbO 
oceuTs UK mrndiptU, and forms long glistening 
. iK'cdles, m.p. 693". 'I’he comjiound PbCl2,4PbO 
; has m p. 'll! , and forms glistening lamellar 
' erv'^tals, which give an intense yellow powder 
I (llucr, Zell sell, anorg. ChCm, 1906, 49, 365 ; -see 
also HtrOmliolm, ihid. 1904, 38, 429 ; Her! and 
Aiisteiwcil, Zeitseli. Elektrochem. 1907, 13, 105). 
'riie compound known as CV/.w/ yt Jlow has the 
; approximate i-omposition Ph('L,7PbO. iogeiher 
i with a little lead, ami is usually prejiarod by 
, fusing together*] ])ait nnniionium chloride, and 
about 10 jiarts massii (*t,, white lead, or minium. 

' it IS used as ^ ]iigmeiit. 

Lead tetrof hloride PbCl^ may be formed bf 
passing chlorine into lead chloride, suspended 
; in strong hydrochloric acid at l0'’'-15°. On 
, adding ainmomum ithkmdo, 4 im'monnm, phinibi- 
Monde {Nll 4 ) 2 Pb('l(, separates ^lutchinson and 
! Pollard, Chem. Hoe. 'rrans 1899, 212; Seye* 

, wet^ and Trawitz, Compt, ri'iul. 1903, 136, 
j 686 ; Bull. Hoe. chim. [ni. | 29, 261; Klbs 
and Nubling. Zeitsoh. bllektroehem. 1903, 9, 

1 77(;). 

When this ammonium (iompound is added 
■ little by little to iee-eold concentrated sulphuric 
acid, lead tetrachloride separates as a yellow 
j highly refractive oily licyiid, which fumes in air, 

! smells like hy])oehlorous acid, and induces a 
I sw'cet taste in the mouth. It has sp.gr. ^183, 
j is stable under sulphuric acid, but is liable to 
explode, ospeeially when heated, forming 
; chlorine* and leafl chloride. Jt .solidities at 
J --15° to a transparent yellow crystalline mass, 
j With hydrooblnrii; ai id it forms a crystalhno 
oompound HaPbCIj, which dissolves on further 
j adtlition of acid,* a ml is i^eeonqiosed by water 
; into lead dioxide and hydrochloric acid (Fried- 
! rich, Monatsh. kBlKt, J 4, 505 ; we also Ber. 1893, 
i 2(), 1434; de (kminok, Hull. Assoc, beige (.'him. 

I 1902, 16, 94). Many salts of this chlorplumbic 
acid have been prepared, some, like the potassium 
i salt KjPbWl,, in crystalhno form. A great 
I'ltiumber of salts deflved from organic bases arc 
also known. When these are well crystallised, 
regular and rhombic forms predominate The 
I ohlorplumbatcs of pyridine and quinolino are 
I stable. Holutioris of these organic derivatives, 

' w'hen treated with ammonia, yield precipitates 
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of lead peroxide ; hydnjgen peroxide reduces 
them to pluiribous salts. (A. tlutbicr and 
M. Wissmuller, J i)r. C!hem. JbH, IK), 41)1). 

Loari rhlorik', rhloratc, and iwrcMoraic are 
also known. 

head bromide PbBrg is olitained by treating 
lead oxide with aqueous hydrobromie aeid or 
by jirecipitating a lead salt with a soluble 
bromide. It forms white shimng needles, which 
darken when exjioscd to sunlight (Norns, 
Amor. Ohem. J. I8!)r>, 17, IHb); sp.gr O'b. Jt 
resembles tln^ chloride in projicrtie.'*. 

Jt forms double bromides and oxybromides. 

Lead iodide I*bl2 is formed by dissolving 
lead 111 h,Tdri(|rli(‘ acid or by preeqiitating a 
solution of a lead salt with a soluble iodide. 
It forms yellow crystals of sp trr. IrJ, which 
on heating bceonu' y'cllowi.sli-red, bright red, ^ 
and linally biownish-blaek. It also foims ' 
double salts and basic salts. « 

The chloride, bmmide and iodide yield double 
salts with jiyridine and (piinoline (Elbs and 
Niibhng, I.C.). 

A mini her of mixed halogen compounds are 
hnown (I'homas, (lompt.. lend J(S!)S, 12(>, 
(bid. 18!)!), 128, I2:i4, I.'ILM); Fon/.cs- 
Diaeoii, Hull. .Soe. chim. I8!)7, |iii.| 17, 34(> ; j 
Hertz and Hogg, d. Amer. Chem. Soe. 181)7, 11), i 
820). 

fjcad fluoride PbF.j is formed in the .name way 
as the eorrospomimg iodide. It is a white ' 
powder, almost insolubh' in water and in ; 
hydrolluorie acid, but readily .siduble in hydro- i 
eiilorie and in nitric acid. Jt yields a ba.sjc. | 
fluoride and ach]orofluori(lc(Fon7,es- l)iac.on,/.c ), I 

L&id fetrafhionde J*bl*, is said to be formed in i 
a colloidal state by the action of si^cong sulidiuric i 
*n'id on the acid ] dumb i (I a or id e IlK l'’,JlF,PbF4, I 
but has never been obtained jmre (Hrauner, ; 
Ohem. Soe.^ 'lTans. 1804, 1{1)3). The alxive acid 
])lum bifluoride is « ibtained by the action of 
hydrofluoric acid and jiotaHSium fiiioride on lead 
tetraeetate. 

Paneth and Norriiig (Per. 1!)20, 511, 'iGDIi) 
have indicated the existence of a gaseous lead 
fu/dride, obtained by tiu' action of dilute hydro- 
chloric acid on an alloy of bismuth and radio- 
load (thorium H). 'Fhe lead hydrule could not be 
obtained by the action of acids on ordinary lead- 
magnesium alloys, but traces were formed by u 
combined electrolysis-spark pro(‘ess. 

Lead and nitrogen. Lead iiHrafe Pb(Nl).,)„ 
is foVmed by dissolving lithaige in nitric aeid of 
sp.gr. 1-35. 'J’he solution is evaporated until 
it has the sp.gr. 1 -b, and is then allowed to cool. 
It forms milk-jvlide crystals from wafm-, clear 
crystals from nitric acid, of sp.gr. 4'r) and 
dissolves in water with a reduction of tempera- 
ture, It has an astringent motallie taste, 
detonates with brilliant spaYks when thrown 
upon red-hot cliareoal and dellagrat/cs when 
triturated with sulphur. ^V'hell heated it 
eommeneea to deeoiiijiose at 28:r, and in a 
sealed tube at 357°, it di8SociaU‘s thus : 

PMN0a).f5Pb0-i-04-2N02 

(Baekeland, J. Amer. (^heni' Soe. l})t)4, 2G, 391 ; 
Morgan, J. Phys. Chcin. 1904, 8, 410; Colson, 
Oompt. rend. i909, 148. 837). Lead nitrate is 
used in dyeing and calico printing, for the 
preparation of mordants and of chrome yellow. 

, iSoverai basic lead nitrates are known (Senderens. 


i Bull Soc. chim. [iil 1 1 1 , 306 ; Maiihe, Compt. 
i rend. 1902, 134, 233 ; Peters, Zeitsoh. anorg. 

I Chein. 189(>, 11, 110). 

I Basie lead nitrate Pb(0H)N03 is- prepared 
by heating litharge with solution of lead nitrate. 
It is fairly soluble in hot water, crystallising 
from the solution on cooling. It is said to be a 
I very useful decolorising agent for sugar solutions 
I (Merles, Zeitscli. Ziickerind. Bohmon, 1890, 21, 
189 ; Neuman, ibid. J83 ; Zeitsch. angew. Chem. 
1897, 123; Pellet, Bull. Assoc. Fliim. Suer. 
Dist. 1897, 14, 794 ; ibid 1905, 23, 038 ; I^orne, 
ibid. 036), » 

I Lrad uitnle Pb(N()2)2 is obtained by decom- 
i posing silver nitrile with lead chluiride and 
; concentrating the solution in a vacuum (Jaiiig, 
J. 1802, JOO; see al.'J’o Chilcsotti, Atti. It. 
Accad. Lmcei, 1008. [v. j 17, i, 824). it forms 
yellow prisms, soluble in wafer, the solution 
on ey»iporatioii losing nitric oxide and yielding 
iU‘ba.sic nitrite A number of these basic salts 
are known (('hilesotti, ibtd. 1908, \ . 17, n. 173, 
288, 377, 474; Mcldrum, Chem. Soe. IToc, 
1908, 97). 

Lead hy'jionUntc Pb(NO)2 is a yellow erystal- 
Jiiie powder, which exjilo(les on healing (Kir- 
scheiier, Zeitsch. anorg. Fhom. 10, 424 ; i)ivers, 
Chem. Soc. Trans, 1899, 121). 

Ijcad Hitiohifdrori/btminc PbNgOit is an 
uiustable salt (Angelico and Fanara, tJuzz. chim. 
itul.3l,|ii ! 16). 

Leiui imide PbNH is obtained by the action 
of ]ntassamide on lead iodide in lujuid ammonia. 
It IS a reddish-brown explosive substance. If 
till' leud iodide be in i xi'e^-s. a. white basic salt 
NPbJ-NM., IS formed (Franklin, J. Amer. Chem. 
Soe M‘05, 27, 820). 

Lead azide PbN^, is said to be formed by 
the action of aqueous annu^mja or of nitrides 
on lead salts (Ciirtiu.s add Kissom, d. (!hem. 
[ 11 . 168 , 201 ). ' 

Lead eolialtinitriti', lead cyanide, and 
cyanatef the eorresponding thio- compounds, 
and lead ferro- and ferri- cyanides are known. 

Lead Phosphates. Tnbasic lead jj/iosphalc 
Pb;,(P()4)„ is an amorphous wHite powder 
obtained by precipitating an excess of lead 
acetate with a small quantity of sodium phos- 
phate at 100° or by^ boiling the dibasic salt in 
w’ater for 6-|() hours. 

Dibasic^ead plws^diaie PbHPO^ is prepared 
by ])recipitating a somewhat dilute solution of 
leacl nitrate with hot dilute jihosphoric acid at 
100 \ ft forms a fine crystalline powder., 

Motioba.'oc lead pho^dialc Pb(H2P04)2 is 
formed by dissolving the dibasic salt in .strung 
I phosphoric acid by the aid of heat and allow - 
I ing the solution to ciystallise. It may then 
I be' rccryslalUsod from ])hos])horic aeid. it 
' forma fiiiQ needles stable in air, and is decom- 
i posed by cold and Wen ni6re readily by boiling 
water, forming first the dibasi^ ancl finally the 
, tribasic salt (Alders and Stabler, Ber. 1909, 42, 
i 2201 ). 

I Lead pyrophosphates, a number of confplex 
phosphates and thiophosphates (Gerhardt, Ann. 
Chim. Phys. 1848, [iii.l 22, 505 ; Ouvrard, Compt. 

; rend. 1890, 110, 1334; Friedel, ibid. 1894, 119, 
j 260 ; Forrand, ibid. 1896, 122, 886), and also 
I lead phosphites (Amat, ibid. 1890, 110, 901), 
I have been prepared. 

I T’he following are naturally occurring lead 
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phosphates and arsenates isomorphuus with 
apatite, a portion of their chlorine often being 
replaf^ed by fluorine : — • 

Pi/ronwrphit(i Pb,,{]:* 04 ) 2 Pb 2 ('lF 04 ; Poly- 
(Pb,Ca) 3 (P 04 ) 3 {Pb,(!a)./flr 04 ; Mirne- 
fite I’bafAsOJoPbaPbAsOfl) ; and Knmpylite 
Pb3|(As;p)04LPb2('J[(As,P)04l. 

Lead arsenate may be formed by suspending 
litharge in a solution of arsenic acid in the 
presence of nitric on acetic ncid as catalyst 
(U.S. Pais. H02()()3, 903:180, 1908 ; J. Soc. ('hem. 
Ind. nK)8, 1010, 1203), or by roasting a mixture 
of wliite»a.rsenic and a lead salt in combining 
])ro]u>rtionK in the presc'iiec of oxygon or an 
oxidisiim agent (Ll.S. Pat. 020902, 19(0>). 

lA'nd arsenate is used as an inseetieide and 
is largely enijiloyed iii* the Ihnted States lor 
theaproteetion of fruit tree.s from the larA.T of 
the gypsy moth. For tins purpose, it is said 
to be best prejiared by adding a solution o^lead 
iieetato or nitrate to sodium arsenate until tsi 
iodine test paiier shows tb(' ])Tesenee of omcss 
oi lead (Haywood and Me.Doniiell, d Soc. 
iliem. liul. 1010, 1027 ; /«( ahu Picheiing, 
< 'hem. Soe Trans. 1007, 312). O’lu* precipitate 
IS a rmxtnn' of basic arsenate J0)p()H(AsO.,).( 
and dibasic ](;ad arsenate, l‘l)}IAsC) 4 . For othr*r 
ieail .^alts of arseiiie acid, .vce McDonnell and 
Sinitli (J. Amer, Clieni. So<‘. 10 Mi. 38, 2027). For 
spraying jilanis, it is often mixed with Iiitic'- 
sulpliur solution ; in this ease, tlie normal lead 
salt should be employed, and it is be.st to avoid 
using w^ater containing inueli alkali earboriat*, as 
the tendency of the lattc'r is to make the arsenic 
soluble (llrady and 'I'arlar, .1. Ind. Fug. Mhem. 
1010, 2, 328 ; ‘sre also Gntlen, ihitl 1000, J, (550 ; 
Moreau and Vinet, (’oni])t., rend. 1010, 150, 787) 
Lead silicates. Sihea fn.se.s with lead oxide 
forming a yellow g4a.ss. Lead sibcaite also forms 
a eonst^tiieut cef flint glass. Two silicates 
have bec'ti isolarcsl (Cooper, Shaw, and Loomis, 
Anier. Chcni. J. 1000, 42, 401), Lead ortfio.sihcalr 
MbgSiO^ forms colourless hexagonal tal/kjts, and 
has m.]>. 74GL 

Lf(id nieia.sdirntc PbSiO., has m p. 7(l()"', and 
has been fotlind to exist naturally in Mexico as 
almntmir. It is analogous to irollnuloHiir, 
ealciium silicate, and occurs in radial aggregate.s 
of oidourlcss transparent- fibres (Mnlaehe and 
Merwiii, Amer. ,1. Sei. 1000, 27, 390 ; ser also 
Hilpert and WeiWer, Bcr. 1000, V42, 2909 ; 
HUpert, IMetallurgie, 1908, 5, 535). 

Lntd f<ilkoJlnoridr is formed by ^leatmg 
galenic or other lead-containing material witli 
hydrofluosilicie acid, air being blown through 
the mixture and water being then added (U.S, 
Pats. 754007, 1904; 779091, 779092, 1905). 
(For the use of lead silicate in glazes v. Eritts 
ami Glazks.) ♦ 

Lead borates and lca<l boric gl%sse8 have 
been prepared (Farafiay, Phtl. f’rans. 1830, 1). 

The preeipitj^te formed by adding excc.ss of a 
solution of borax to a solution of a lea'd salt is 
lead metaffurate Pb(B02),.Kj,0.Pb0,3B3()3 is 
fortfted by fusing boric acid and lead carbonate. 

Lead and sulphur. Lead sulphide PbB 
occurs in nature as qaienn, usually in the form of 
culies, possessing a bluish- grey colour, and sp.gr. 
7*25-7-7 (Hannay, J. Soc. Cbern. Jnd. 1894, 
039). It may be formed by passing sulphur 
vapour over lead, by fusing lead oxide with 
excess of pulphur, or, in an amorphous condition, 


by passing sulphuretted bydr()gcn into a solution 
of lead nitrate. ^Mieii' boated in a cunent of 
certain gases, it sublimoK in cubes, whilst if 
fused with potash and sulphur, it forms oeta- 
hedral crystals. 

Lead sulphide has m.p 1120^il0® (Fried- 
rich, Metallurgie, 1907, 4, 479 ; %lnd. 1908. 5. 
23) ; according to J^odin (('omjii. rend. 1 895, 120, 

1 1 04), the m.p. is 935^". It is converted liy nitric 
acid into nitrate and sulphate, and is decom- 
posed by hot strong hydrochloric acid, sulphur- 
etted hydr(»gen being evolved. Lead sulphide 
forms double compounds with the halides of 
lead (Huncnfcld, iL ]>r. ('hem. 1830, 7, 27 ; 
Parnieiitier, Compt. rend. 1892, dl4, 299; 
Lenher, J. Amer. (’hem. Sot. 1895, 17, 511 ; 
thid. 1901, 23, 080), and also with bismuth 
sulphide ( Ducatte, (Jompt. rend. 1902, 134, 1001). 
'Fhe rcactioiKS between lead sulpbido and its 
oxidation products have bi'cn studied in detail 
by Sclienck and Passbaeh (1?er. 1907, 40, 2185, 
2947 ; M. 1908, 41, 2917). 

A palysnl phide PhS^^ is formed as an nnsitible 
purple-red precipitate by preeijiitating lead 
nitrate at 0" with eulenim jieiitasuljibidc and 
washing the prceijiilale with eiirbmi di.sul]ihide 
(Bodroux, Compt. rend. 1900, 130, 1397). 

Lead mJphate is found native as lead nirial 
or aiqilestfe, in traiis])arent rliombie crystals 
isomorjihous with and hary sjxir. It 

may b(' obtained us a wliite powaler by precipitat- 
ing a lead salt witli siiljiburie acid or with a 
soluble sulphate, cir by the action of sulphur 
dioxide on lead peroxide (Marino, Zeitsch. 
aiiorg. (’horn. 1907, 50, 233). It may also bo 
obiaiiK'd erystiilline (Manross, Annuleri, 1852, 
82, 300). liOiyl siilpliate has sp.gr. 0’2--0'3, and 
is said to molt without rloconi position at a red* 
heat, but according to Sehenck and Ras.sbacb 
{l.(\) it does not melt below llOOL ft is soluble 
in ]>ur(“ water to the extent^f 0‘0824 gram of 
lead sul])lnitc per litre or 1 in 12135 at all 
temperatures, but the soluliility dimmisbes on 
addiftoii of sulphuric acid (8ohnal, Compt. rend 
1909, 148, 1394 ; m> also Dolc/alek and Fiiickh, 
Zeitsch. autirg. Chimi. 1900, 51, 320). Load 
sulphate is also soluble in alkalis, m uinmoiiium 
and in ealemm aeetates, and in a number of 
other salts (Long, Amer. Clhcin. J. 22, 217 ; 
Keiehard, Chem. Zeit. 1903, 27, 924, 943 ; Fox, 
Chem. Soe. Trans. 1909,^878). It forms double 
salts with the sulphates of tin (Weinlaiid and 
Kiihl, Ber. 1900, 39, 2951); with potasfium 
(Belton, Chem. News, 1905, 191); and with 
arsenic (Kiihl, Arch, iniarm. 1907, 245. 377). 

It is redheed by carbon at 550'^‘^and by carbon 
monoxide at 000”-050'’, load sulphide being 
formed ; this reacts with unaltered sulphate 
yielding lead and sulphur dioxide. 

Lead disulphnif or Plnn^iic mlphaie Bb(S 04)2 
is obtained at the anode when jmre sulphuric 
acid, of sp.gr. k7-l-8 is electrolysed between 
lead electrodes. It is u white or faintly greenish- 
yellow ery.stallme powdi'r, giving a green solution 
in strong sulphurn; acid. It is decomposed by 
water, formyig sulphuric acid and load peroxide, 
ind is a powerful 4»xidising agent. It forms 
double salts with the alkali metals and also 
with aniline and with dimethyl and diethyl 
aniline (Elba and Fischer, Zeitsch. Elektrochem. 
1900, 7, ,343). On the preparation and use of 
basic lead sulphate, r. above. 
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Lead aiib-aulp/iate is a dark grey substance i 'treated with infusions containing any of the 
decomposed by water, pre^iared by heating j vegetable tannins, the gelatinous tissue is con- 
lead Bub-oxido in methyl sulphate vapour at verted into the tough iiuputrescible subslance 
280® (Denham, (!hem. Soe. 'Trans. 1010, 109). ' known as leather, while the process by which it 

Lead sulphite and lend thioualeH arc also i is made is called ‘tanning.’ Certain mineral 
known. salts, as well as oils and fats which undergo oxi- 

Lead '^elcnidt (l*61abi)U, Compt. rend. 1907, j dation in the skin, have a somewhat similar 
144, 1159); selemtes (Manno, Zeitsch. anorg. , effect, and more recently, aldehydes, and. 
Chemi* 1909, 02, 173) ; and selennte^ (Mathers, i especially formaldehyde, have been suceesafully 
J. Amer. Chem. Soe. 1008, 30, 1374), also exist, employed. Synthetic condensation produete 
Lead organic compounds. O'he lead alkyl of phenolic sulphonic acids with formaldehyde 
chrnpouudK are prepared by the interaction of with marked tanning ])roperties (Syntans^havc 
alkyl iodides and lead-sodium or by the action been invented by Sliasny, and hi^ve come 
of lead chloride on zinc alkyls (Huckton, Annahu), larg(4y into practical use; and a number of 
1859, 109^22?^; Cahours, ihuL 1802. 122, 05; other substances, aromatic denvativt^s, colloidal 
(ihira, (Jazz, chiin. ital. 24, i. 44, 320 ; Prankland | jirecijiitatcs, and even elements such as bromine 
and Lawrence, (Jhein. Soe. 'Trans. 1879, 245 ; luivc! proved ca])able ftf converting skin into 
Klippel, J. 18(50,383). leather. It is jiropo.Hed m thi following ajjJ-icle 

Lead ethoxide P})(()Mt)., has been jirejianal first to flescrilx* the stiaictnie and chemical 
by suspoiiding thin slieets of lead over aiisolutc coinyo.sitiiui of skin, and the preliminary pro- 
alcohol through ^^iuch a .stri^am ol ozone is <^'“sse.s it has to undergo to depnv c it ol hair and 
jiassed. When washed with alcohol and dried to render it tit for tanning, andthen to deal with 
t)i raeiiO ov('r siiljihniie acid, it lotms a light ‘ the different tanning materials and the various 
yt'llow fnahlo powiler, sohihh' in, hut readily [irocesses by wliieh llii'y are employed in 
hydrolysed by, water (Perkin, Chi’in. So(! Ihoe. practice. 

1908, i79). 'Tlic .skin, as it exists on tlm aminal is much 

head ictraphenyl luav be olitained by the more than a meic eoveiing, and contains a 
action of l(;ad chloride on an otlK'ii'al solution of I variety of organs, both of sense and of secreticii, 
magnesium ]>henyl hroiiiide (PfcilTer and 'Triis- and .some knowledge of its anatomy is necessary 
kier, Per. I90t, 37, 1125; Polis, Per. 1 887, 20, to a piopei understanding of the tanning jirix ess. 
3332). 'The skin consists of two layers, whicli arise 

Lea/l O'l’cyrPi/o'.r?// Phf(',jl I J ,) , is prepared by in embryonic development fiorn the inner and 
tho addition of lead chloridi* to a solution ol ouVer layers oi the ovum, and v\ Inch ihroiigliout 


magnosimn cyclohexyl bromide in dry ethei’ 
It forms yellow, hexagonal plates, decomposing 
at 195‘’, and combiiK's with ioditu' at. tlu' ordinary 
temperature to iPiin tho iodide Pb((_;„ll jj) 3 l, 
"'from which the hyili oxide and other compounds 
can be profiared by the usual methods 'Tim 
molecular* weight detennined (rvoscojncally 
agieeswith the foj;mula given ab(»v(\so that the 


retain the strongly maiked dilkTeiices winch 
corrc.sjioud to tins dismsily of origin. The 
ef)id< rails or outer layci the .skin is derived 
Iroiii the outer layer (epiblast) ol tlie ovum, 
while the inner lavei, eorium, derma, or c?di.s, 
together with all the other (t^aimvtive tissues ol 
the body, takes iis rise from the middle of tho 
ovum (inesobhist). 'Though Aie skins of dif- 


tnnryl may be* regarded as eontaunng tervaleni ferent animals (idler in details, that of the call, 
lead, and thus analogous to (Jombi'rg’s triplienyl- of vvhuWi a section is illustrated in Fig. 1, may 
methyl (K. Krause, Per. 1921, 54, |P|, i;00b). , 

A nuinher of other annnatic and ahjihatic i 
alkyl and halogen alkyl com])ounds have been ; 

])ref)ar(jd (Pfeiffer and 'Truskier, / r. ; Polls, 
kr,, and 717). | 

Lead thiooarbamide halide.s l^b(( ’H,N^S)_,X.. : 

(X ('l,Pr,l) are described by Rosenheim and 
Meyer (ZeitBch. anorg^Plunn 190(5, 49, 13). 

For tho lend salts of organic acids, s<( the 
reajiective acids. J. A. S 

LEADHILLITE. A rare mineral approxi- 
mating in composition to tho formula 

Pb£ 104 - 2 Pbt' 03 Tb(()H )3 

The luonoclnuc cry.stals have the form of .six- 
sided plates or pseudo-rhombohedra with a . 
perfect basal eleava^'o and ^learly lustre. As 
indicated by variations in tlu' optical characters 
and chemical compexsition, th^re appc.ar to be 
at least three varieties or modifications. 'J’he 
minoral is found in tho iipiier oxidised portions 
of veins of lead ore at but few localities, notably 
at Leadhills lu Scotland. It has a^o been met 
with in lead slags left by ll^i* Romans. ‘ fcjusaiA 
nite ' is a variety from the Pusaiina mine at 
Leadbills, and the name ‘ maxite ’ has been 
applied to crystals from Sardinia. L. J. S. 

LEAF GREEN. Chrome Creen { i \ Pigments). 

LEATHER. When the skins of animals are 



Fig. 


serve as a type of most of those used ii^ the 
manufacture of leather. The outei layer or 
epidermis consists, as has been said, of simple 
nucleated cells, which at the surface are dead, 
hartlened, and flattened, but where they rest on 
the corium ore soft and spherical, and constitute 
the so-called ‘ mucous layer ’ (rete mucosvm). 
This is not supplied directly with blood-vessels, 
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but derives its nourishment from the fluids of 
the corium. Here i^rowth takes place, and the 
cells probably multiply by fission, though this 
has not been actually observed. The hairs, 
though deeply rooted in the corium, are really 
products of the c'pidarmis which surrounds 
them and passes down into the corium in the 
form of a bulb-shaped sheath. The nourish- 
ment of the growitm hair is supphed by a knob 
of connective tissue called the hair-papdla, fur- 
nished with blood-vessels, and passing u]) into 
the ?^ntre of the huir-bulb. The hair itself is 
composed of modified and hardmied colls, form- 
ing exteriorly irregular overlap])ing scales, triving 
the outlme a serrated appearance, which is 
cHjiocially marked in wool. Within this ‘ hair 
cuticle,' as it is sonietiffies called, us the fibrous 
portion of the hair, composed of long sjiindle- 
shaped cells, and sometjuu^s in the eentro of this 
is a cellular pith eontaming air. 'I’he^hair, 
except in white, animals, coniams a good deal#f 
jiigment, and some is also jiresent in the epi- 
dermis colls forming the hair-sheath The new 
hair, hotli in foetal developimmt and in ordinary 
growth, begins as a thickening of the cpidemuti 
layer, forming a knob whicli gradually sinks into 
Ihc ronurth, and becomes a bulb in whieli the 
hair is develo[)ed and forces its way to tlie sur- 
face much an an onion does to the surface of 
the ground. In animals which change their 
eoats 111 spring, the young hair generally origi- 
nates in this way from a new bulb formed below 
the f)ld one, and ])assos up into the old slicAtli. 
This deep-seated origin explains the great diffi- 
culty found in I’cmoving these young hairs for 
tecluiieal purjioses. liesides the hairs, sudo- 
riferous and sebaceous glands arc similarly 
developed from tlio vpidrrnufi. Tlio sebaceous 
glands are seated found the stems of the hairs, 
and tliqjr ducts discharge oily matter which 
serves as a lubi^eani into the hair sheaths near 
the surface of the skin. 'The sudoriferous glands 
are more decjily placed, usually extending even 
below the hair roots : they are less convoluted 
than in man, and discharge through nariow 
sinuous ductis to the surface. 

The corium eonsists mainly of connective tis- 
sue, which, on boiling with water, readily dis- 
solveiR, and is wholly converted into gelatin. In 
most animals the jirincipal part of the hide {pars 
reticularim) is com]H)sed of bundles at interlacing 
fibres, each of these bundles being forn^ed of a 
multitude of line fibrils. Tow'ards the outer 
surfaqg these bundles disappear, and the separate 
fibrils combine in a closely-matted felt {pani 
papillarU), which is technically known as the 
‘grain.’ In the pig, and possibly also in the 
seal, this close-textured part is thick, and is all 
that is valuable for taiming, the reticular fait 
bemg so slightly develojied as not to»be distin- 
gubhable from the lobser fatty tissue {pannicuhis 
adiposus), whiejj underlies the true skin. Con- 
sequently, these skins are remarkable for extreme 
toughness. ^Iii addition to this gelatinous struc- 
turcf, the true skin, and especially the grain or 
papillary part/, contains certain yellow fibres 
called ‘ elastic,’ and distinguished by their very 
difficult solubility in boiling water, acids, and 
alkalis. These fibres are xligested and removed 
by tryptic ferments, which do not attack the 
white connective tissue, but not by peptic 
ferments which attack both* The removal of 


the eiastiii is one of the principal ubjeots of 
“puering,” whicl^ is now frequently acoom- 
plLshed by pancreatic exti-acts combined with 
ammonium chloride. 

Between the corium and the epidermi(< is an 
extremely line membrane or outer surface, 
known as the hyaline ’I’his is very difficult to 
demonstrate microscopically, but has been 
separated in some technical operatioiiB, *111111 is 
probably the cause id the clear brown or bufi 
colour of the grain surfiico of tanned leather, 
while the finely matted tissue below it remains 
nearly white. 

"I’iie corium has also blood- vc.ssels, nerves, 
and minute muscles for ercclmg^^lie hairs ; but 
none of these of niueli teelinieal importance, 
and for further details the reader may bo referred 
to I’rocter’s Leather Industries Laboratory Book, 
liis Principles of Ijcatlier Manufacture, or to an 
imjioftant senes of articles by Seynuiur-. limes 
111 (lie .lournal of the Soeiefy of Leather Trade 
Chemists during 1917 and 1918. 

A few words must, however, be said about 
tlie praeiieal mieroscopic examination of skin. 
Bor this purpose it is necessary to produce 
extremely thin sections, and the skin must be 
previously luirdi'iied, M'o this end it may be 
cut into stiijia about ^ ineh long by J inch wide, 
with their length at rigiil angles t o the direction 
of the hair, which should be cut short with 
scissors, with which also the loose fatty sub- 
cutaneous tissue should be removed. 'J’lie strqis 
are jilnced in a closed vessed with several times 
their volume of methylated sjiirit diluted with 
an eipial quantity of water. 'I’lio next day this 
must be rejilaeed by stifmger alcohol, and finally 
by absolute. Jn 4-8 days, the hide will be hard 
enough to cut, and may bo held between the" 
linger and thumb, and shaved by a drawing out 
with a very sharj) razor flooded v^Jth alcohol 
and resting on the iiji of tl*e forefinger. The 
cut should biigin at the gram siclo, and must be 
exaidly jiaraliel with the hairs to give good 
results. For this reason a microtome is of very 
little service, as it is more difficult to adjust the 
fragment of hide in it than to make the sections 
by hand. ’I’liey are floated off the razor in 
alcohol, and must be stained in order to make 
the details visible. Various methods of staining 
are desiiribed in the microscope text-books, one 
of the simplest being tin iinmorso in aqueous 
solution of jiierocarmine. The carmine stains 
the connective tissue and the nuclei of the^clls 
red, while the structures derived from the cpi- 
dmui't, the crcctorca pili muscles, and the blood- 
vessels, absorb the picric acid oijjy, and become 
yellow. The section may now be soaked in 
glycerol to clear it, and examined in a drop of 
glycerol under a thin cover-glass ; or may be 
permanently mounted in^glycerol or Farrant’s 
fluid ; but for this purpose it is generally better, 
instead of clearing with glycerol, to soak the 
sections again for some time in absolute alcohol 
containing a little picric acid, till quite deprived 
of water, clear in clove oil, and mount in a drop 
of solution a;)f gum dammar in benzene, or of 
tkmada balsam. ^ 

Kathroiner has described a method which, 
while it is less striking for demonstration of the 
different tissues, is often useful for practical 
work when a knowledge of the general appear- 
ance of the Btructures has been attained. The 
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fresh hide (an»l it is iuiporiant in preparing t)rpe 
specimens that the aninuil should not have been 
killed more thati a few h(jurs) is out into smal] 
strips as descnbc'd, and th<“n immersed for 4-8 
days, according to the thickness of the hide, in 
about twelve times its volume of an aijueous 
solution containing 1 p.c. of osmic and 21 p.c. of 
chromic acids. This solution mu.st be kept from 
light »nd dust in a sto])])crcd bottle and in a 
cool place. Caro must be talom to avoid the 
fumes, which cause severe catarrh of the mucous 
membrflne.s. 'J’he hide pieces must now ha 
soaked in about twelve times their volume of 
absolute alcohol several times reiu'wed for 
4-8 days, •Jintj^ aid then cut as dcscTibed. JVo 
further .staining is re(|Uired^ as the chromic acid 
colours the tissues yellow, wlnle all traces of 
fat, as for instaniio, tin' oily matter of the .seba- 
ceous glands, are stained gn-y or black by the ; 
osrnic acid, 'fhey may be cleaied at onow\vdh | 
clovo oil, in wJiicJf they may be examined, or 
mounted in dammar. 

A third method may he mentioned winch is ! 
very useful for rapid ohsi'i va1 ions, espeeially j 
when it is desired to ascertain how far the cei- ! 
lular structures have been alba ted in pieparing 
the hide or skin for tanning. 'I’iie section, which 
need not he so thin as wlien intended ioi more 
detailed study, may bo (‘ut either aftiT a short i 
hardening in aleohoj, or in the ease of hide 
swollen W'ith lime, simply by eidting a small 1 
strip ii through from the gram, and liirning it i 
back so as to put the tissue on the stretch, and 
then cutting from llesli to gram Mith a ia7or i 
Hooded with distilled water. Jt tiie wet .seetion 
1)0 placed in a droj) of water on a slide iindi'r a 
cover glass, and examined by jfclh'eted light ' 
'with a I -inch objeetive, the fat glands will he 
seen as yellow masse.s emhedded ni the white 
fibrous tisflie. If now the seition be imuslened 
with a mixture o^ equal [laits of glyei'idl and 
glacial atictie tieid, the eonneetive ti.s.sue will 
become ijuite transparent, and I he glands and 
hair-roots may he e.xamined. (*\en wMi a 
moderately high ])(iw'er, hy tiansmitled light* 
For more minute stiulv several nn|>roveinent.s 
in teelinique, and esjjetnally in staining inetlmds, 
have recently been made, With n'gard lo whicli 
original papers, mostly in the dourn. of Soc. of 
Ix^atiier Trades Fhennsts, must Ik* I'onsulled. 

The principal ch('n»ieal constituents ol the 
skin are protiuds, fats, and water , and the most 
imjftirtant of these is eoliagen, of wliieli the 
white fibres, forming the mam fabric of the bide, 
are coniposed, and wbieli, on bmhng wnth wiiti'r, 
is converted into gelatin (glutin). 4’he iVmainmg 
proteids (keratins, elastins) are mo.stly albumin- 
oids, l)ut glyeojiroteins (mucins) and those of the 
blood and lym])h (.serum albumens, ha-unoghtbin, 
&c.) are also present • 

The rpideimis and its products, Imir, horn.s, 
hoofs, &c., all belong to the ^'la.ss t)f keratins, 
Avhich are allied to coagulated albumen, but 
differ in t heir com position(c.(7. in their })crcenf age 
of sqlphur), and in their behaviour towards 
chemical reagents. They can banyy be said to 
be soluble in w'ater, thougIi*bv prolonged Ixulirt^ 
under preasiure they arc finally dissolved to an 
extract which does not gelatinize on cooling, 
'I’ho .Softer structures are easily soluble in dilute 
caustic alkalis in the cold, whilst hair and horn 
are gradually softened, but only yield to strong 


• 

1 solutions aided by heat. They are repredpi- 
' taterl by acids, and these precipitates mixed 
I with oil have been proposed as a ‘ filling ’ for 
' alumed leather in place of flour and egg-yolk, 

' but liave not come into practical use. Limo and 
other alkaline earths act like the alkalis, and 
lienee milk of lime, while it scarcely attacks the 
j Jiair, easily loo.sens it, by dissolving and softening 
I the rpidernns and root sheaths. Strong solutions 
1 of the alkali and alkabnc^earth hydrosiilphides, 
j on the other liand, seem to attack the harder 
i ti.ssues by prafaraucc, and reduce the hair to 
' pulp without alTccling the ept-dnmi^ cells so 
j much as milk of lime. 

, ('olld'jtn forms nearly 9“> p.c. uf the dry 
matter ol the roniini and is insoluble in cold 
water, dilute acids, aiiA common .suit solution 
(licimer'.s .statement that it i.s soluble in 
solution of A'uCi has not been confirmed), 
and jt i.s but slowly attacked by dilute alka- 
Ijfic solid lon.s, but strung acids and alkalis 
fiavo a bydioly.'^ing action, yielding soluble 
products, Itoiluig w’atei hn.s a similar effect, 
the first stage in thus case being gi'latin, wliieli 
Is .shwvly fuither attaeki'd, continued hydrolysis 
vielding lienne(»llin ami Hcmiglutni, and later 
gelato.se, s and glutin pejiiones. 

llofnu'ister, who has studied tliese eliange.q 
piovc'd that the production of gelatin fiorn 
eojlagi'ii IS nu'rely hulioivtie. with an inereasu of 
w’cigld. ot about 'j pe As iinal jnoduets ol 
prolonged hydroly.sis, ammonia, and arnino- 
aciiis are formed, among thi* latter, glycine 
(amino-aeetu acid), gkdamnne acid, leiieino 
(amino-eajnoie aci<l) aiginine, Ivsine and 
a-])rolnu' beniLT (he most im])oitanl, w'hile t yrosin 
and liyptojihan aio ah.'-’cnt. 'rims all the pro- 
ducts ol c<»llagen belong to the antigroujis of 
proteids, and aromatic grouji^are alino.sl. absent, 
in this n'speet sbowing a nuirled dilh'r^nee from 
keratin ami the nlbuniins. * 

Hydiolysis ol eoliagen is also jirodiieed by 
pejisiu fin slightly acid solutions), but tryjisin 
has no di.ssolving action on collagen unless the 
latter has previously been tieated with water at 
71) ' or With acids. Putrefactive batftcria rapidly 
lead to the final products of hydrolysis (amino 
acids, &c.) 

F.la^lin‘* form thr^suh.staneo of the ‘ yollow' ’ 
or ‘ clastic fibres vTlneh act as a sort of soft 
franK‘work*lo the eoniu'ctite ti.ssue, and are 
remarl\^hle for their great resistance both to 
]Hitrefaction and to I'hemical reagents. They 
an' digested by active tryptic formentii. , 

Munns aie present both in the mucous layer 
and in the .siibstanci' which cements the fibrils 
into fibre- bundles. 'Plie nature of tliis inter- 
fibrillar substance, called coriiii by fleimcr, has 
beftn miK'h disputed, llollct,^ who first studied 
it, cousidved it of a mucous nature, but Reimer * 
claimed that it difiered fnJVn mucins, and was a 
hydrolysis-jiroduct of the fi|jreH thcmselvcB. 
KbnuT * held a similar view, taking it to be 
eoliagen rendered more soluble alkalis by 
swelling and hydration. Both Halliburton* 
and Van Lier,*^ on the contrary, favour its 

^ Sitz Per, Vt ien 1858, 30, 37. 

^ Dingl polv J. 205, 143. 

® Jnliresberlcht der deutscher Gerbcrscbule, Frei- 
berg. 1898. 

* Jour. I’atliol. & Bacteriol. 1892, 1. 

» Zeitflch. physiol. Cheiu. 91, 1909. 
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mupin character, and the latter names it corio- 
muooid (in distinction from tendo-miicoid). 
'j'he muoins are easily soluble in even dilute 
alkaline solutions, and are dissolved during' the 
process of liming, allowing the epidermis to 
be mechanically removed and isolating the 
fibrils. 

Fats . — A distinction must be made between 
those of the epidermif^, which are largely un- 
saponifiable, and eoi^^st mainly of cholcsterols 
and liquid waxes ; and those of the fat-cells of 
the which are almost entirely triglycer- 

ides like#nost ordinary fats. The former exist , 
not only as products of the sebaceous glands 
(wool-fat, .&e.), but are combined with the 
keratins, rendering the cpvhrmis more resistant, 
and thus fulfilling a simifar function to the waxes 
in ]4anta (Liehreich '■). 'I’ho fats of tlie corivm, 
like those of the body, vary in composition, and 
especially in tlie jiroportion of olein to s\^'arin 
and ])almitiii, with the age, S(‘\', and f<tod of tlif‘ 
animal, but are usually oi lower melting-])onit 
than the corresponding inti'rnal hits, 'i’hey 
are liquid during life, hut in warin-hloodcd 
animals solidify aftm' death. 

Fresh hides and skins contain r>0-70 p.c. of 
wati'r, of which the larger ])ropoition is m (lie 
con’im, and the total is highest in yming animals. 
Ill the adipose tissue below the skm, the jiro- 
portions of fat and water arc a^qiroMmatcly 
c(|iial. 

Hides and slsins roach tli(‘ t.aiiner in various 
states. Most of those from animals kiAled 
in this country are either fresli or very slightly 
salted, but those from greater distances are 
treated in various ways to pri'servc them. 
Perhaps the simplest and best is the use ol salt, 
either sprinkled on the flesh side laqieatedJy, or 
used in the form •if brine. In this way most 
Eurojiea^) hides, and many of those from J^orth 
and South Am(fnca, are cured, in countries i 
remote from the sea, hides arc fivijncntly first [ 
salted and then dried, so as to savi' wf'ight in ; 
carriage, and at the same tinu' to preserve thmn 
bettor. 'J'his is cal fed ‘ drysalting.’ A still ' 
Commoner tnethod, especially where salt is j 
scarce and costly, is sinqily to dry the hide or j 
akin either by hanging in the shade or by I 
atretcJiing on the groinu^in the sun. Many, 
hides from 'I'exas and (Jcntral and JSouth America 
arc thus treated, an well as smaJlciVskins from 
more temperate countries. The hides of the 
small cattle of India, called ‘ kips,' are phi.stercd 
on the,flesh side with a mixture of a native saline 
earth containing sodium suljihate and water, 
to preserve and, incidentally, to weight thorn, 
and then dried. Sometimes an addition of 
arsenic is used to prevent the ravages of insects. 
It has been proposed in (Germany to substitttc 
sodium sulphate for common salt in Vm curing 
of skins, both on acciTunt of the ta.v on salt, and 
because the former retains water, and cotirc- 
quently increases the weight of the hide. The 
advantage df this to the tanner docs n(»t seem 
obvious. In Russia and otlier cold climates, 
liides are sometimes preserved by freezing. 

Preparation of hides for tanning . — Prelimi- 
nary to any other treatment, it is necessary to 
soften hides and skins, and to free them n’om 
blood and dirt. When fresh, a few hours, or at 
most a day or so in one or two changes of fresh 
Mdrehow’s Archfv. 121, 183. 


water is sufficient to accomplish this ; and for 
sole leather the clq^nsing does not need to be so 
thorough as for the finer sorts, whilst t'u) long 
soaking is apt to lead to incipient decomposition, 
and to yield a soft and light-weighing product. 
Where goods arc salted, a much more thorough 
washing is desirable, and it is advisable to give 
three or four ehangt's of water to remove the 
salt as rapidly as possible, and to kwPII the 
tissue, W'hich is mon' or k'ss deliydratisl by 
salting. A tinal tieatinent in a w'aslimg drum 
with running cold water is often useful. 

When hides have been dried, a mere soaking 
is in most eases insufficient to produce' complete 
1 softenmg, and in addition ineehan*i‘al Mid ehemi' 

, cal means have to ho employed. ICitner has 
' pointed out that the highi'r the temperature at 
! which the original desiccation took ])lace the 
, gn'afcr is the difficulty of Hoftciung ; calfskin 
: which^Jias been dried at (iO'Lrefusing to soften 
. sufficiently lor tanning eitlu'r by soaking or 
. mechanical means. 'I’his is analogous to the 
. fact that gelatin dried at 130' beeonies iii- 
i soluble even in boiling water, l^’or thin ‘skills, 

! such as calf or shec]), dried in tlu' iqicii air in 
I toraperntc climates, a sinqilc soaking of some 
i days 111 cold fresh water, assisU'd by working 
; ov('r the beam with a blunt kiiih', is enough, 

; On the otlu'r hand, for the sun-dried ki]is of 
India or thi* heavy ox hides of Texas ami South 
j and Conti al America, sucli treatment, would be 
i quite inclloctual, and the method was formerly 
ad<)]ited in this country of soaking for 2 or 3 
weeks in water, which lining seldom changed 
and highly charged with organic matter from 
previous parcels of hiflcff, was in a state of active 
])ut, refaction. ♦Sucli soaks will soften 111110)1^^^ 
more rajiidly than fresh water, and are elTectuul 
where even prolonged treatment witji it would 
fail. Ill India, hides are softeiu'd by the native 
tanners withiii 24 hours, liy ]dui\^dng them into 
])oo!s in which all the refuse of the tannery is 
allowed to collect and putrefy. It has, however, 
come 10 be recognised by obsi'rvant tanners that 
this ]mtrid soaking is very dangerous and un- 
satisfactory, espi'cially ivlu-ri' the hides are 
de.stined for soh* leather, simu' it has always a 
destructive elTcct on the tissue, and it is found 
that a much more ra])id and satisfactory 
softening may be cllectcd by the use of very 
dilute .solutions of sodiun* fiydroxidc, or sodium 
sulphide^ or of weak acids. A solution of sul- 
jilinroiis acid of about N/2() strength followcrl by 
cold watt'r, has heoii sucec'ssfully used, and 
from its antiseptic (‘ITect, seems particularly 
suited f(»r hot chmatcH. Wheij, the hides or 
kif»s were so far softeru'd that they could bo 
bent sharply without danger of breaking the 
I fibre, they were ^worked in the ‘ stocks ’ or 
i ‘ hidc-inill,’ which* IS a nijehine in which two 
! large hammers or plungers work the hides with 
, a .sort of kneai4irig actum, but this violent 
I treatment has been ri'iidered unneces.sary by the 
I chemical treatment, and at most a drumming 
! with warm ortejiiil water in a rotating ‘ tumbler ’ 
like an immense barrel -cli urn is all that is 
iteeded. A machine^n use on the (^'ontinent for 
I the same purpose consists of two rollers studded 
' with rounded pegs, or of which one is grooved 
and the other pegged 1’he hides are passed 
I back and forwards between these, and undergo 
i a sort of kneading aetion,- When the hides or 
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skins are thoroughly softened they are ready for 
d epilation. ^ 

Depilaiion. — With a few exceptions, which 
scarcely coine j)rop<Tly under the head of 
‘ leather,’ it is noeesHary to remove, the hair pre- 
paratory to the taiiiiuig pivtcesa Trohably the 
oldest way of doing this is hy jiutref action, or ns 
it is ti-chnieally cialled, ‘sweating’ 'I'liis wa.s 
formeflv accomplished by leaving the hides or 
skins, folded or laid together, in a warm and 
moist plae(‘, t ill the di'struetion of the fjndcrwi-'f 
liberat'd the hair. Ibit though the corinm was 
somewhat more resistant to ]mtrefaction than 
the mucous layi'r of the. rpidrrmift, tlte putrefac- 
tive eltang(‘ fi^Mpumtly s])r(*ad into it, and in- 
jured at least its surface. 'I'his sinijile b.rm 
of Bwentmg may now he considered ohsolide, 
and where ]>utrefacl ion is still employed, it is 
by what is known as ‘ cold sweating,’ which, 
though litth' used 111 Jhiglund, is still en^'doyed 
ill AiiUTica in I iu'Trcat numt oi iIimmI hides. Jii 
this method the hides are susjamdi'd from tentei- 
liooks in \vell-veniiial.ed chambers, u.sually al- 
most hurasi in sod or spent tan, ns to maintain 
an (spiable tenpieraturc (which is gem'rally 
somewhere Ixdwcen 15^ and thi' hiuh<*r the 
more rapid being the action), 'the air is ke]»t 
saturated with moistuie, and thi' tempiTatuH* 
regulated by admittum steam under a false 
bottom, or a sjuay of water from pi|K‘s piovided 
for the purjiose. The hides, whii h if diyd must 
previously havi' been thoroughly softened, nn‘ 
ready for unhairing in \l-l days, and during 
the itttt.er part of tlie. time must be (‘.\amiiu‘d 
from lioiir to hour, and, as soon as the hair i.s 


and brought in contact with fresh portions of 
the lime Sipior. Hides lime well and rapidly, 
suspended from frames in pits, especially if 
rocked or frequently shaken, and in any ease 
the more frequently they aro moved, the bettor 
and more uniform is the action ; mechanical 
motion is largely in use on the Continent, and 
' to an increa.sing exti'iit in England, the solution 
i lieing genoraliy kiqit in motion round the 
.sns])eiided hides by the ^^e of compressed air, 

I by which the time required is much slioiymed 
I aiid the solution of hide substance is lesifoncil. 
j In Ameiiea, the hides are usually tied together 
I by the shanks and wound from one pit to another 
I over a ‘ reel ’ or skeleton drum, turned Jiy hand or 
1 power. The old lime liquors become ehurged with 
j ammonia and organic [Iroducts from the hide.s, 

I which materially moddy their action, rondunng 
' mori' lime soluble, but diminishing i+s i>liim])ing 
I elTeid- Cm* result of this is that hidi'S imhair 
, qj-ore readily out ot a somewliut old limo than 
j they do out of one fleshly madi', and a change 
I from an old into a newer and stronger lime 
j sometimes actually sets the hair firmer at first, 

; hy ])luinj)ing th(' tissue and so ginsping the root- 
i hulhs. Expi'i’iments seem indeed to render it 
i jirohahk' tliat lime alone in the eompleto 
1 absence of pu tret act ion, will not loosen tlie 
hair in any reasonable time. If hidt's he limed 
tor J to 4 days m a sharp new hme in which t iu'V 
are frcipiently diawn, and are llum transfeiied 
into a ])it of watch- maintained at a tenqic-rature 
■ of 4() '--r)0® for some hoiiis, thev will ])ait readily 
! with their hair, and at the .ame time lie to a 
considi-rahle extent freed fiom hme. Tins plan, 


loosened, takcui down artd jilaec-d in ]>iles (ui the 
Hour. As tlie tliic'k parts take hynrer to iinhaii 
"^than the thinner, ancl tlu' proei-ss proeecals more' , 
rapidly at the top tlian the bottom of the eham- 
ber, the ])(*sition of tlu- hides mu.st he allc-red as 
the action f)roy;re 4 »ses. Whe-n tlie ban is fully 
loosened, it is'ii'inovcMl either by sciajung with 
a blunt two-handled knife, on a sloping ‘ lu'am,’ 
or by fulling witli stocks. Some Amencaft tan- 
ners' now giro a light liming hedore uiiliairing 
to slightly plump tlie goods and eht*ck tlie de- 
composition, I’lie sweating or ‘ staling ’ jiroee.ss 
is largely emiiloyed m Europe for unwoolliiig 
shecpskitis ; m this case to avoid the injurious 
effect of lime ujioii tlic wool. 'I'he process is not 
wholly baetoriological,^inee ammonia, whieh is 
largely evolved, acts as a caiislio alkali on the' 
opiuermis and is itself eujMible of loosening the 
hair without initrefaction. 

In England, both for sole and dres.sing goods, 
the hair is nlrjjost universally loosenetl by the 
use. of lime. The pits are usually, tliough hy no 
moans invariablv, worked in sots of three, of 
which one is old and nearly exhausted, the 
second fairly good, wid the ^hird freshly made 
or strengthened. The duration of the process 
is very variable, ranging from < or 5 to 14 days 
or more, and the quantity of limo used is yet 
more indefinite, being vanou.sly stated at from 
1 lb. to 12 lbs. per hide. 'ITic fact is, that, lime 
being very scantily soluble in water, any qnam 
tity beyond that required *t-o maintain a satu- 
rated solution has but little effect. Lime is 


which IS of Arneiicati <»iigiri, and is sonii'tinies 
called the ‘ Buffalo method,' may he highly re- 
commended for sok' leather, gning good weight 
and colour and a linn solid texture. Ot course, 
th(‘ ri'lativi' amount ot liming and lv>t water 
may he varied to a eonsiderahi)' extent. 

rnhairing may also ho hastened by warming 
the liinvs themselves. The heat increases the 
‘solubility of the hide, but at the same time 
cheeks the jilumping, and the tendency is to 
produce a soft and porous 1< -at her.* * Hence tlie 
method is ill adajited for sole, and even for 
dressing leather is nndesiralile, since the same 
effects are obtained k'tter m other ways. • 

It has naturally been proposial to substitute 
the enustio* alkalis for lime, •and it is probable 
that it^night be done m some cases with advan- 
ta*ge, or at any rate that small quantities might 
he added to the limes to hasten their action ; 
hut so far their use ha.s not found much favour 
with tanners, excejit as constituents of such 
secret jiroparatioiis a.s ‘Inoffensive.’ One cause 
of this is probably that from their easy solubility 
aniL powerful action, great care is required, and 
where us^ by^ ‘ rule of thumb,’ serious injury is 
readily done to la?go qualitities of costly raw 
material, it is one of the virtues of limo that, 

I from its very limited solubility, it is almost im- 
i pos.sible to destroy a pack of hide.^by its use, 
' and the injury which it does when carelf^ssly 
; handled is often attributed to other causes, 
j It lias recently lieen shown by J. Loeb that, in 
! accordance witii the 1 ’rooter- Wilson theory of 


only soluble to the extent of about 1 ] oz. jier | .swelling, the swelling power of div(ilent alkalis, 
cubic foot, but of Course is continuously alisorbed j such as lime and baryta, is for the same 
by the hide, so that an excess is required which i hydroxyl ion concentration, only about half 
may be le.s.s the more often the hides arc moved i that of the monovalent such as soda and potash. 
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Naturally it might be thought that the alkalis the very poisonous red arsenic led Bdttger to 
would be easily removed from the hide by simple propose the use of^ralcium hydrosulphide, pre- 
washing, and that the solubility of their soaps pared directly by passing sulphuretted hydrt>g('n 
^\ould favour the removal of grease; but it is into milk of lime. This produces a paste which is 
found that alkalis foriti a sort of compound greeni.sh from the jU'cseiu'o of traces of iron siil- 
witli hide-fibre, from which tliey can scarcely ])hide, and wiiicii aids as a rapid depilatory, and if 
be removed until they liave lirsi been nentralised apjilicd as a paste on the hair-side will in a few 
with acid, while jiraetieally tlie grease is not. hours reduce the hair to a jmlp, wliilst (nun the 
sayionified but merely emulsified, and for thi.s rapidity of the action, the hair bulbs and the 
purpose lime aiiswersVist as well as a stronger various glands arc mueli loss affected than 
alkali. with an ordinary hmmg. Mixed with lime 

lii^liniing sole leather the principal object is in smaller proportion and ijsed in pits in the 
to enable# the hair to be removed and to free ordinary way, it loosens the hair rapidly 
the hid(' from greasi^ with as htt.le solution of without actually destroying it, ])rincipally by 
its fibrous structure as jiossible. 'flic hlnglish attacking th(' muious layer, singe Uie harder 
tanner frwjuently desires also to raisi' or swell part of the <‘pid«'rnus frequently conies off with 
the hide, and so to sj)litfu]i the libroiis bundles thi* hair roots in it in sheets of considerable 
into jiheir constituent fibrils as to preyiare it for ! si/e. I bifortiinatidy foi’ its use in practice, for 
tanniny, though this may also ho done by the j which otherwise it is excellently fitted^ it keejis 
presmicc of acad in thi' carla'i* tanning liqgtu’s, j very l)j#lly, and must be ficshlv made as required 
or in some cases by llie diri'ct use oi an aci^ j whadi i.s both costly and troluilesoiiio. A con- 
bath It IS a question on which there has liccn j eentrated solutioii of ealcinm hydrosulphjde was 
much difference of oyunion vIicIIhm' the unhair formerly produced by the Wnsiiington ('hemical 
mg IS host accomplished liy the use of stiong ('oiii pan v. and promi.sed to hi' a valuable depila- 
fresh limes for a .short time, or of old limes j tory ; hut unfortiiiuiiely its manufacture proved 
chaigod with ammoiim for a longm penod. It unremunerative. (las-hme,whichoften contains 
IS now, however, generally lecognised (hat the a eonsiderahleqiiantity of ealeuimhydrosuljihide, 
eontiniied aetimi of old limes is to<* dangerous, has ln'cii used as a substitute, but is too un- 
U'Uallv iiiiuriMg the gram surface of the liide or certain in its conijiosition to be satisfactory, and 
skin, and tlie comjiromisc is usually adopted of has been almost superseded as a gas-purifying 
bcgnimng the proci'ss m the old<*r limes and agent by oxide of iron. None of these disadvan- 
timshmg in fresh ones. It i.s very dangerous m tages attends the use of sodium sulphide, whiidi 
hot weather to let limes get too stale and loaiii'd has bemi strongly advocated by Kitner, late 
with organic matter, as in tins <ase even the Director of the Austrian Goverrinieiit Research 
presence of caustic lime does not ])revent ])utrc- Institute at Vienna, to whom the leather 
taction, which is fatal to the innimfactnre of traile probably owes imich of its imjuilse to 
])Iump and solid leather. In fact, by micro- scimitific iinjqjpvemciit. It is now manu- 
sco])ic exaniniaiion of such stale limes it is lavsy factiired commercially, in a crystallised form ; ’ 
to detect the presewee of active haetena. It is it keeps well and possesses great dejiilatory 
a mistaki^ to suppose that Hiieli limes are ' weak,’ ])owers, both alone and in union -Rith linu', 
since the e\ccss*of lime is always sufficient to with whicli it forms calciujii liydi’osulphide 
maintain them as saturated solutions, and in and caustic soda. A paste containing 2-4 ll)s. 
addition they contain much dissolved 4imc as to the gallon of water, and thickened witli lime 
organic salts, and considerable quantities of to a foupy consiMtcnci', will, if painted on the 
ammonia and bacterial oii'/yiiu's, which, (hough hair side of a hide, conijiletcdy destroy the hair 
thi'y lessen dwelling, assist m tlic solution of in a fc^w hours, so that it may bo swept off with 
the hide. If m any case the Jiming is too low% a stiff brush. This mode of jiroceeding has been 
it will ho impos.sihle to (wadicate grease from the much recommended for sole leather, and it 
hides of very fat cuttle, although the leather may mako.s a firm and solid article., but tin* difficulty 
he of excelhmt (juality. ^ the niaraifaeture of of getting it so thoroughly brushed into the hair 
dressing leatlier a» somewhat nior# thorough that it will destroy ('veryifiart of it, is very con- 
Uiiiing is generally desirable, since it is not only siderahle, while, if any part has been missed, the 
requircil to remove the hair hut to dissolve a short hair is very difficult to remove. For ’this 
proportion of the cementing matter of the reason, and because it leaves all tlie hair-roots 
fibrous tissue, and so render the leather softer and glands in the skin and so prevents a clean 
and more })Uahle. This is especially true in the buff, it is*only suitable for very common classes 
manufacture of glove or ‘ glac6 ’ kid and lamb of leather, though it will do good service on dried 
leather, in which the property of stretchiiig in hides instead of the cold sweat, vSuch a })a.ste is 
any direction is largely dependent on a jirofer also mueh used for unwooling sheepskins, being 
liming. In the continental manufacture of in this case appheif to the <V?yh side and allowed 
these goods it is cuiftomar;^ to ‘ sharpen ’ the to penetrate the skin. Used in pits with lime to 
limes by the addition of realgar (arsenic sub the extent of i-}#lb. per hide, sodium sulphide 
phide) This ^oduces, with the lime, di- does not materially injure the hair, while it 
calcium hydfosujphide, sulpharsenate, and some quickens the unhairing and yndds goml weight 
metallic arsenic, and considerably liastens the and excellent quality. Strong solution of 
iinhairing. Orpiment, the yellow arsenic tri- sodium sulphide or even of caustic soda does not 
sulphide, may also be used. The calcium i^ell from its dehydrating effect, hut hides so 
sulphydratc is the active agent, V. Schroeder and treated swell rapidly if subsequently placed in 
Sch nut/.- Dumont (Dingl. poly. J. I89f'') having water. Where plumpness is not desirable, but 
shown that the ar.senic cnmjiounds are irtopera- a tough, solid texture is required, as in some 
tive and not even antiseptic ; and, many years descriptions of light leathers, its use would 
since, the desirability of timUug a substitiiR' for promise special advantages. Since sodium 
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sulphide, however, dissociates in solution to 
sodium hydrosulphide and sodium hydroxide, 
the effect of the lattx^r leads *to more swelling of 
the grain than is desired, and it is f(mnd that 
this may he lessened by the additi«<n of an 
equivalent quantity of ealeiura chloride which 
substitutes calejuni hydroxide for sodium hy- 
droxide with formation of e.oiinnon sail, and 
cnablrs the jiroduction of leathers with much 
finer grain than with sodium sulphide alone. 

'I'he total soda existing in commercial 
sodium sulphide as sulplnd(‘,cai bonateor hydrox- 
id(^ may be determined wit h stamlard acid, using 
rnethyl-orangi' as an indicator, siiu'c this cokmi 
is quite unaffected by the presenei' of either hy- 
drogen Hulphid'e or earbon dioxide, 'the sul])hui 
is advantageously estimated by ainmoniacal 
/itio solution, using alkalmi' lead tartrate us 
an indicator ])y placing drojis f>f it and of the 
solution being tested near each other <u filter 
])aper. Solutions’*‘containing sodium suljihide 
together with dissolved sulpliur and ])olysul- 
yihides obtained by boiling suljihnr w'itb eaustie 
soda or soda ash and lime ])ossess eonsiderable 
depilatory pow^r, but it is not easy to determine 
the amount of available sulphur. Somewhat 
similar aohitions art' obtaiiu'd by forcing air 
through the ‘ tank waste ’ of the Leblaiie alkali 
process, suspended in water, or, miturallv, in the 
‘ hog-liipior,’ wdiieh in snmo'Woiks drams lioin 
the wast.e-hon])s, and whiue this can he < hen ply 
obtained, it may m some eases lie used ad\an- 
tageously. 

KxdinAmtiion <)f Innr liijiior'i.- - (^)^s1(lerahle 
information may often he obtained by a sinqile 
examination of lime kquors. Fre(> ammonia 
may he determined by rapid distillation of, say, 
■'30 e.e. of the tilti'iinl liijuor, ])reterahl\ with tlii' 
addition of a litU(‘ magnesium sulphate to 
remove ca^istie lime. The amtiKUiia is ahsorhisl 
in a ini'asured (pqiiitity of standard acid whivh 
is titrated ba^k wilJi eaustie alkali. If it he 
desired to estimate free lime in the same saiiijile, 
the magnesium suipliate must he oimtled, 'hliieli, 
if the (listiJIation is short, doi'S not lead to 
serious <>rror. 'I’he suinjile should be drawn j 
from the middle of a liiiu' pit well plunged uji, ! 
and rapidly tillered in a funiu'l covered with a ^ 
clock-glass. I 

The caustic lime in the portion from which I 
the ammonia has heen witlidrawn may now he 
estimated with normal or deeinormal acid, using 
phetiulphthalein, and tlu' total lime (and any 
other alkalis present) existing in a free state or 
in combination with organic matter and weak 
organic acids with methyl orange or ted as an ! 
indicator, Lit?niis is unsuitahJe for the jiurpose • 
from the presence oi these w(‘ak organic acids, J 
which render its end-reaction quite indetinite, hut i 
do not affect methyhorange miieh. For the ! 
same reason this indicator will be found very ' 
useful for many determinatu^is required in a j 
tannery riienolphthalein cannot be accurately | 
used in ])re.senee of ammonia. An estimate of 


# 

adopted, as to the amount of matter dis.solved 
out of the hides in the process, or the com- 
parative quantities by different liming methods. 
For more accurate work the liquor may be 
evaporated to dryness or very small bulk in a 
j flask with the addition of a little excess of sul- 
I phurie acid to retain ammonia, and the nitrogen 
[ estimated by Kjeldald’s method. It is easy to 
j calculate vis'y aiqiroximately the amount of 
I matter wdiieh the nitn^en rcjiresonts, since 
both the gelatinous aiur horny tissues contain 
about 17T)-1S ]) c. of nitrogen. During iVeent 
' yeuis niueh attention lias heen devoted to tlie 
more conqik'te aiuilysm of hme-luiuors, hut tlie 
literature is too extensive to he sninmarised here, 
and the reader is lefeired to the ]iages of 
i ‘ ( 'ollegium,’ tliii ‘ Amei'iean Leather (’hemists’ 
doHinal,’ and esjiecially to recent issues of the 
‘iloutnal of the Soiu'ty of Ijcather 'J'rades 
Chemists.’ 

hahuuf and dimrlting. — If lime or other 
alkalis liave heen used m dejulalion, they must 
hi* lemoved h<*fore tanning, and in sole leather 
it IS desired to do this wuth ns little loss of pi It 
as jio^sible. J'kirmeily a mere suspension in 
water was considered sufficient, and when tlie 
wuitei is liard, a little lime was added to remove 
the free earhoiiie acid and calcium hydrogen 
earlxinate jiresent, which would form insoluble 
eaihonate with the lime (ontamed in the hale, 
and afti'i’waidh by e<*tnhining woth tannin would 
jirodiiee diseolonred leather. A tiirtiier eleansing 
ma^y he I'lTeeted by ‘studding,’ or working the 
graiii-Hide with a blunt knife on a beam, which 
expiesses much of the dehii < ot hair roots and fat 
glands, as well as lime Whi'ii a clean hull is 
desired this jireeaution should ne\er ho omitted. 

It IS, how'cver, impossihlt! really to remove 
till* whole of the lime iiy soaring in water, since 
it forms a loose compound with the tibrons 
tissue, troni wdiieh it i an oid^-x he disIlHlged by 
till' aid of acids, and at jirescut, e\en for sole 
li'aMier,, acids are usually I'nqiloyed alter re- 
i moval of as miieli lime as possible by washing 
in ‘ softi'iied ’ water. 

Vi'ry dilute sul])liurie or hydrecldorie acid 
will perform thi* semet* satisfactorily, altliough 
gri'at can* lias to he usetl to keep the hides in 
constant motion, to add the acid in small siie- 
eessive doses as it is%bsorh(*d by the hides, and 
i to avoid cj^'cn a small exeesic Some trouble is 
' often exjieneneed in the use of eomniereial acids 
i from tfie ]»reeipitation of the iron which they 
contain as an imjmrity on the libre of the hide, 
where it subsequently produces stains by com- 
hmmg wnth the tannin. '!'he aminoniaeal sails 
of the stronger acids may also be used, but boric, 
formic, acetic, lactic, and other organic acids 
ar^ generally employed in solutions not exceed- 
ing about N/20 strength. Instead of actually 
removing**l.he lime might* be sufficient in many 
cases to convert it into a neutral and insoluble 
form, as, for instance, by the Action of acid or 
neutral ^ihosphates, oxalate.s, arsenates. 


the organic matter present is obtained by 
evaporating 50 o.(v of the filtered l^nor to dry- 
ness m the w'atermvcn in jdatinum crucibkn 
weighing, and then igniting and estimating by 
loss. 'Phis method can of course lay no claims 
to strict accuracy, but is sufficient to give 
valuable information as to the condition of the 
liquor ; and, if a uniform course of liming be 


1 Some of the .sulphonic acids of various coal-tar 
I products have also been tried for the purpose 
I with some success ; and they are, at the same 
I time, powerful antiseptics, 
j In the case of iqost light leathers where 
: softness is aimed at, it is found necessary to 
I use, either alone or as a supplement to some 
process of n-moving the lime, a putrefactive or 
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fcrnienlive bate, which has the effect of re- andto wash the bran before using w^ith cold water 
ducing (‘ abateing ’) the plumpness of the hide, to remove the Hour, which furnishes the nourish- 
and at the same time of softening it by atUck- ment required by the ferment, 
ing the fibrous tissue, and especially the In the brief Hj)ace available it is impossible 
elastio fibres. Either an infusion of dung to give more detail as to these })re])aratory ])ro- 
(pigeons’, hens,’ or dogs’) called baic or pvrr cesses, which arc, however, of the first impor- 
(the latter probably liaving some connection tuuce from a practical jioint of view. From the 
with the French puavt), or of bran (drench), 1 scientilicasjicct, it must be noted that the plum p- 
and frequently both, ar(‘ used sucecssivelj. | ing and ‘ falling ’ whicliThc fibrous ti8Suo#uiflers 
'j’he effect seems duetto the enzymes and amino- : through the actum of various reagents, is the 
acids produced by tlKi putrcfactuo organisms, result of osmotic pressure, and is at least us much 
but 4he problem was partially solved by Wood ■ a pliysieal as a chemical phenomonon. 
in England, and by I’opp and licckcr ni (Icr- i fanning materials. Hcfore speaking of the 
many, w?io introduced an arldicial puer under j actual tanning ]»r()cess, a few words must ho 
the name of ‘ erodiri,’ consisting of a suitable ! said about the chemistry ol tlie vc'getable pro- 


culture of selt'cU'd bactc'fia and a diy powdi'f 
winch when dissohed ii^wab'r formed a suitable 
nntiitive, fluid for their rapid multiplication. 

Di'. Rohm, ft)llowing u]) an e.vporiment of 
W'ood's, lias, liow(‘\er, introdiu'cd vindei the 
naiiK' ot ' Orojion,’ a mixture of amimftuii^i 
clilonde Avitli a small (juanlity of tin' iiancreulic 
ierment, which, for many leathers, has been very 
succe.sstui ; though fur the lincst leatheis, such 
as glovc-kid, il. has not coinplidely superseded 
dog-jmer. The exact degrei* o{ hydroxyl con- 
I'cntration ol a solution lias an important 
inlluenoe. 

In the ]ire)iaration of ‘shined’ and ‘dress- 
ing ‘ hides, a hate may contain about 1 ])cck of 
him or ])igeon dung to 2r) or IfO hub's, in v limli 
they arc luuidlcd frequent ly for 3-7 days. 'I'his 
time may be much shortened by warming ^tlic 
bate ami working tlu' goods with a drum or 
paddle tumbler. 'J'he latter consists ol a tank 
or pit, generally having a ciiived bottom to 
favour the motion ol the IkiukJ, and agitated 
by a jiaddlc-wheel with (l-S lioats. A short 
‘ stocking ’ out of |/he bate was formerly some- ! 
turn's employed. Tumhliiig with warm water 
witli a limited #piantiiy of dilute ai id before 
bateirig will wash out- a good deal of lime and 
rtsluee the plumpness, and so suv(' both 4ine and 
material, but the skin must remain in a 
slightly alkaline condition; and French tanners | 
make oxeclksnt shaved hides and ealf-skins j 
without bateing by careful working at the i 
beam, long washing with cold water (during , 
which probably a slight putrefactive action takes i 
placiej, and the use of wtiJc and stale liijiiors, ' 
Shaved hides ajrc ^o called hecausi^ after the 
bateing, the thicker juirts of the butt arc re- 
duced by shaving on an upright beam •ivith a 
currier's knife having a turned edge. 

Still lighter and more flexible sorts of leather, 
such as morocco and kid, are still often puered 
with fermented dog-dung, iiifu.sod in hot water, 
and strained through a basket. This is frequently 
followed, after scudding, by a drench made ^ly 
pouring boiling water on bran, and allowing to 
ferinont. In this ca^, lactw acid isiLhe most 
active product, although its plumping action is 
controlled ^by s#me putrefactive fermentation 
going on at tie same time. Wood ( J. 8oc. Chem. 
Ind. 27) has shown that starch is destroyed by 
the active ferment, and considerable quantities 
of methane evolved. In hot and thundery 
weather the lactic ferment is liable to be replaced 
by some other product, when the skins plump 
rapidly and become transparent, and are 
finally perforated or dissolved. The best pre- 
oautioius are to scald out the tubs thoroughly, 
•VoL. IV.— T. 


ducts on which the operation dt'pends. 

d'lie tannin.s, or tannic iieiils, are widely dis- 
tributed ilirough tlic vegetable kingdom, and 
lorm a large and varied class, differing eon 
sulciayy in cheinu-nl consfilulion as'Xvell as in 
propeitu's. 'file one point v.tiich they all have 
in eommoii is (he jiower of precipitating gelatin 
from its solution as an insoluble eoitipound. 
'fJu'y iwc also all di'rivatives of the aromatic series 
of carbon compounds, and, so far as is known, 
all contain <'ilher pyrocatechol (’gH^fOllla 
Ol pyrogallol (',1 1 ..(( )H).„ and sometimes the 
isoineiide of the latter, ])hloroglucinol. I’his 
dillerence usually eoin'sjiomls to well-marked 
ditlcn'iiees in const itutioii and properties. As a 
rul(', the pyrogallol tannins give a blue-black with 
Icriic salts, and a whitish deposit on the surface 
of the h'ather, w('ll known to the tanner as 
‘ bloom ’ ; whilst the jiyroeatechol denvatives 
I give a greenish-black, and ili'jiosit red iusoliiblc 
i matters, oxides or anhydrides of the tannins. 
All catechol tannins give insoluble prccipitaics 
woth btomine Ivater, and with formaldehyde in 
jiresenco of liydrochlonc acid. Oak bark 
; occupies an intermediati' ])osition, yirtiding both 
j bloom and reds, and apjiarent.ly containing both 
I pyrogallol and pyiocati'idioi. 1^i such cases, 
! liow('\er, it IS not very certain whether we have 
to (l«il with a conijiJieated tannin or with a 
mixture of (wo dissimilar ones, since tannins, 
being neither crystalhsahle nor volatile, are very 
(lidiciilt to se])arale. It is known that many of 
the bloom-yielding materials, such as myro- 
balans, contain gallotannio acid, which yields 
no bloom, and ellagitanmc acid, which yields a 
, copious bloom of ellagie acid. 

I It IS, of coutse, only the pyrogallol tannins 
I which yield gallic acid as a decomposition pro- 
i duct, while the jiyroeatechol tannins contain the 
' corresponding protocatechuic acid. Many of the 
pyrogalli4 tannins yield glucose on decomposi- 
I tion, but in the jiyroeatechol clasffit seems to be 
absent. 

A comjileie list of tannin-yielding plants 
, would embrace a^arge part of the vegetable 
kingdom, but the following arc those in most 
extensive jiractiety use. {('f. art. 'J’annins.) 

Oak bark is one of the oldest and best of 
tanning materials, producing c.vcellcnt but not 
heavy leather ; and, from its comparative weak- 
, ness in tannin (8-12 p.e.) its action is some- 
what slow. *lt yields a good deal of whitish 
bloom. 

I'a/oiiui. the acorn cup , of the Quercus 
jKgilopH (Linn.) and Q. Mncrolepis (Kotschy), 

I contains uj) to 35 p.c. of a tannin somewhat 
similar to that of oak bark, but giving more 

. H 
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bloom and a darker colour, and af the same 
time a heavier leather. 

M yrohahni-'^, the fruit of Tcrniuudia Chfhnla 
(Katz.) (India), (‘ontainH 25-35 ]).c. of pjallotannic 
and ellagitannic acide, and, consequently, 
blooms freely It gives good eohmr and fair 
weight, and though alone it yields a porous and 
soft leatlu'r, it is very useful in mixture with 
dark -Coloured materials, such as mangrove f>r 
mimosa extracts, for sole l('ather. and as a cheaper 
Bubstitute for sumaeli, on the lighter descrip- 
tions. 

JHiH-dioiy pod of ('(v\(dpiina ctmaria (Willd.) 
(S. Anu'riea), contain.s 30-50 p.c of a tannin 
somewhat* snqllnr in (dTeet to that of valonia. It 
produces a heavy-weighing leatluT, but is 
dangerously liable to a suddmi fermentation, 
which ]iroduee,s a deej) red stain fui all h'atlier 
in contact with it. 

Sinnarh, tlu' pulverised leaves of 7’/o ('orl- 
arin (Linn.), A'c. (SkuIv), yields 20-3(> p.c. of 
tannins very similar to those of myrobaIan.s, but 
])aler in colour. It is jirincipaliy u.sed for light 
leathers, though warm suinncli liquoi is used to 
brighten the colour heavy tannages There 
are also .several American spi'cies used for 
tanning. 

Mnnosn h<nl\ the [iroduet of several sjiecies 
of ArdC'ia, princi])ally AustTahan, but naturalised 
and larg(*ly cultivated in Natal, eontams 
20-40 p.(*. of a red tannin deriMid from jiyio- 
oatechol, and yielding no bloom, but giving 
eonsidcrnble weiglit and linnness to the leather. 
An extract has ree('ntly been introduced into 
commerce. Babool liark from Ac'ian arabint 
(Willd.) is one of the ])Kncij)al lumung rnatciials 
of India (N. (kdvvJm (Willd.) and .1 ('(dicliii var. 
Sundrn, sec below). 

anricuhdu (Linn ), Tiirwa<], avararn, 


country in blocks of about 2 cwt., covered with 
mat and pasty in the centre, and also in cubes 
of about an inch square, which are much purer, 
and internally are quite white with crystals of 
catochin. Cutch comes in mas.ses of a glossy 
(lark brown fracture, and is principally used for 
dyeing. 

Qurhraclui wood from Quehrachia Lorenizii, 
(Uriseb.), a largo tree of .South America, and 
especially of the Argen^e Bopnblio, contains 
about 2() ]) c. of ratlier diracultly soluble catechol 
tannin, ])rincipally used as extracts whi#h arc 
often decolorised and rendered soluble with 
bisulphites. 

Mangrove harks from various species of 
(hrioj)s and Uhizoplora. Extracts principally 
! manulactured in East Indies. Barks vary a good 
deal in strength but may contain uji to 40 p.c. 
ol a dark red but fairly soluble catechol tannin. 

Mallet bark from Eucalyptus orcidcnialis 
fEmil.) or ‘flat-topped 3 uito ’ of Western 
Aii.stralia. Rich in a browui catechol tannin 
producing rather hard leather if used alone. 

lllmo barky said to be from Eiiconpia cordi- 
folta ((‘av.) of ( 'Inle, jiroduces a dark red extract 
strongly resembling mangrove. 

Artificial tannins . — Although none of the 
natural tannins can bo .synthesiHcd, at least at 
commercial pnees, a .scries of organic eompouniis 
have been ]iroduced wdiieli possess many of 
their jiroperties, and some of which have come 
into considerable use in the production of 
lei).ther. The first and most inqiortant of tliese 
I were the ‘ syntanB ' discovered hy Dr Edmund 
j Stiasnv, which wau’c produced by the oon- 
' deiisation of the sulplionir acids of ])henuls with 
j formaldehydi*, which w^en' patented by tlio 
Badi.sche Amlin and Soda Geselsehaft, and 
I which have not only been Ja;‘gely manufactured 


or Tanghlidi bark, from a leguminous bush alherl 
to senna, is tlu%princi|)al tanning malarial for 
sheep and goat skins (so called ‘ per.sians ') in 
Southern India. 

Hemlock haiky known m this country prin- 
cipally in the form of extract, is ])roduced hy 
the hemlock pine, Tsvija f/ll'uc.s'l ('anadem^is, 
(Carr.) of North America. The bark contains 
8-10 p.e., and the extract 20-30 p.c. of a tannin 
similar to that of mirno.sa, but gi\ing a larger 
projHirtion of red anliydiides. and eoihseqiumtly 
a heavier leather, but, at the same time one ot a 
still more pronounced colour, winch is less easdy 
mdilified by otlu'r agents. It is the .sta]>le 
tanning agent of North Anu'rna. 

(himhier {Terra Japan tea), pale catechu, an 
inspissated e?jtraet from the hoaxes o! Viicana 
Hnmhi'rr (Hoxb.) of the East Indies, contains 
3(V-40 ji.c. of a peculiar catechol tannin, wliieJi 
penetrates leather somewhat slowly, but has 
less astrmgoncv au(|( adhesion to the hide fibre 
than most otlier tannins. These properties, 
which are apparently due to its large iiercentago 
of non-tanning matters, make it very valu- 
able in certain stages of the tanning process, 
although alone it produces a leather of very 
inferior quality. Outeh (dark catqehu), though 
somewhat similar in its chemical relations, is a 
\eiy dilTereiit product practically, and is de- 
rived from the w'ood of Acacia Catichu (Willd.) 
and .4, ( dtcclni var. >Sinidra. and, consequently, 
more allied to the mimosa hark, which has 
already been descril>ed. Gamhier comes to this 


i in Germany, but, since the war, in Pmgland 
under license. Tin* mast(^r En^> Bats, arc taken 
out in th(' name of J. Y. Johnson, the Badische 
Go.’k agmit, and are 8511 and 8512, 1912, but a 
good many patents have been since taken for 
other moans of iirejiarmg tannhig compounds, 
some of them doubtless to proteet,,or evade the 
original patents, but- others possibly of com- 
mercial value. Success in the actual manufac- 
, ture depends on many details not mentioned in 
the specification, anh particularly on the proper 
adjustmoi^ of temperatnio^ 'I’ho original pro- 
ducts are very acid, and require to be partially 
j neutralised before they can he used in tanning. 

I When of good quality they produce a soft and 
[iractieallv white leather, w'hich will resist water, 
i hut is easily stripped by alkalies, ‘they form a 
I good preparation for tanning with vegetable 
matenaJs, and have a great bleaching effect, not 
oyly on dark-coloured vegetable tannages but 
on ono-bath chrome leather, which may be m^e 
nearly white, and are largely used for {his 
purpose. They precipitate gelatine and give 
blue-blacks wdth iron salts, and, likeAhe lignine 
products, contained in sulphite*, wood pulp 
liquors, are precipitated by aniline and hydro- 
chloric acid. 

Exhaustion of tanning materials . — Most 
tanning materials require to bo ground before 
lixiviating. This is accomplished either by a 
mill, on the principle of the ordinary coffee mill, 
with grooved iron or steel cones, or by one of 
the numerous forms of ‘ disintegrator,’ in which 
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the grinding is done by dashing the material : 
against a serrated or grated casing, by beaters 
revolving 2000 or 3000 times a minute. Valonia ' 
and myrobalans are frequently crushed between ' 
fluted or toothed steel rollers. The grindmg 
should not be so fine as to render percolation 
diflioult. The actual exhaustion takes place in ! 
this country mostly in largo square sunken vats, 
constructed like the other pits of the tannery ' 
and worked in serie\ the liquors being either 
pumped from one to the other or allow<!d to run 
by grtivitation through wooden boxes, connect- 
ing the ^spacc below the jierforated ‘ false 
bottom ’ of one })it with the top of th<* next. In 
America the “ leaches.’ as the extracting vessels 
arc called, are usually immense circular tubs, 
fitted with perforated ‘ fiflse bottoms ’ and heated 
by steam coils. 3’liesc are generally employed in 
groups of (5 or S, water or weak liquor being run 
on the most nearly exhausted, and forei^l or 
pumped round the senes to the newest anrf 
strongest vat. Hot extraction is more ra])id 
than cohl, and usually more complete, hut the 
liquor is darker in colour, ami con tarns more 
non-tanning matters, and the question of tem- 
perature must bo decided by the particular 
material and conditions, some tannins being 
decomposed at tenpteratures which are not 
injurious to others.^ 

'rauning cxtiacts now form an important 
portion of the materials used by tlu* tanner, ami 
in many cases render available materials which 
from thoir bulk and low percentage, or tl*eir 
remote origin, would not ])ay for transit, or yield 
sufficiently concentrated liquors for modern 
requirements. Among those of leading im- 
portance may bo mentioned those of the woods 
of oak, chestnut, and quebracho, and of the barks 
of mangrove and htinlock pine. Valonia, myro- 
lialans, tyid sumach aio also cxtiactcd. 'J’hc 
materials arc jir^jiarml and extracted ns above 
described, woods being ])revionHly redmted to 
chips or shavings by rnachincs similar if) those 
employed for dyewoods, and heat, occasionally 
under pressure, being freely used in extraction, 
especially with the weaker materials, such as 
oakwood, which only contains 2-3 p.c. of tannin. 
When this is done, decolorising methods are 
frequently employed to rmnove the dark and , 
difficultly soluble matters cnssolved by heating ; 
the most approved* method being jmrtial pro- ! 
cipitation by blood or blood-albumen, dissolved , 
in the warm infusion, which is then heated lie- ^ 
yond the coagulation temperature. Metallic : 
preoipitants are also sometimes used, and 
sulphurous acid and bisulphites, not merely as 
bleaching agents, but to render the phlobaphcnes 
and ‘ rods ’ more soluble. A so-called ‘ pinewood 
extract ’ is on the market, made by concontrtt- 
tion of the sulphite liquors of cellulo^ manu- 
facture, which analyses welf but contains no 
true tannin and is used mainly as an adulterant ; 
though it is absofbed by hide and probably has 
legitimate usd? as a filling agent for sole-leather. 
After settling or filtering the decolorised liquors, 
they are concentrated in the vacuum pan to 
60-^ p.c. of water for liquid extracts and 20-26 
p.c. •for those intended to solidify, spray - 
evaporators being largely used for concentration 
up to about 20 B6. 

Imperfect exhaustion is one of the most 
' J. Soc. Chem. Ind. 1895, 686; 1868, 116. 


serious sources of waste in tanning, and the 
residues deserve more careful testing than is 
usually given to them. 

QiiarUitative determination of /r/wwriw. — 
Many methods have been proposed for the 
purpose, several of which are capable of a])plica- 
tion under special conditions, but the only two 
that have stood the teat of general pi|ictieal 
work, and are both valuable for diff(Tent pur- 
poses, are the hide-powder method, which is 
the gradual development of the work of several 
chemists, among whom Simand may bo specially 
mentioned, and the permanganate and indigo 
proce8.s of Lowenthal. 

'I’he first of these permits aif actual gravi- 
metric determination of the matters absorbable 
by hide, but these include colouring matters, 
acids, and other substances not strictly tannins. 
It has been fouiul that the absorptioii of these 
mattt‘ 1 ^ is lessened by a *iight preliminary 
chroming of the hide-powder, and it must also 
bo remembered that the method is purely 
onqiirical, and must therefore be carried out 
with absolute adherence to the smallest didails 
if comiiarublo rc.sults are to bo obtained. 

3'h(' following is the method of the Inter- 
national Association of Leather Trades Chemists, 
v Inch is the official standard in Europe and only 
differs in minor details from that of the American 
Leather dicmists’ Association; but a commis- 
sion of the Society of Leather 'J’rados (fiiemists 
lias recently been ajipointod, who an' working 
for its improvement. Its weakest points are 
the large proportion of non-tannins absorbed 
eve n by chromed hido-jjpwder, and the uncer- 
tainty of the so-called ‘insoluble matter,’ 
largely con.sistifig of difficultly soluble tannins, 
which will be removed filtration. It is not- 
improbahJe that the use of the •Bcrkefeld 
‘candle’ will bo abandoned. 

Prvpa'iahon of tnfu.^ion.— {!^cl*a quantity of 
material shall he em ployed as will give a solution 
contaj^uiig as nearly as jiossihle 4 grams of 
tanning matter per litre, and not less tlian 3T) 
or more than 4-6 grams. Liquid extracts shall 
be weighed in a basin or beaker and washed with 
boiling distilled water into a litre flask, filled up 
to the mark with boiling water, and well mixecl, 
and rajiidly cooled to a temperature of 17*5®, 
after which it shall be accurately made up to 
the mark, again well mixeef, and filtration at once 
proceeded with. Sumach and myrobalans •x- 
tracts should be di.ssolved at a lower temperature. 

Solid extracts shall be dissolved by stirring 
in a beakqr with successive quantities of boiling 
; water,»the dissolved portions beir!^ poured into 
I a litre flask, and the uiidissolved lieing allowed 
I to settle and treated with further portions of 
; boiling water. Afi^^r the whole of the soluble 
matter is dissolved the llolution is treated 
; similarly to that of a liquid extract, 
i Solid tanning ^materials previously ground 
till they will pass through a sieve of 6 wires 
per centimetre, are extracted in Koch’s or 
Procter’s extractor with 600 c.c. of water at a 
tynperature tiot exc^ding 50® and the extrac- 
j turn continued with boiling water till the filtrate 
! amounts to 1 litre It is desirable to allow the 
; material to soak for some hours before com- 
I raeneing the percolation which should occupy 
' not less than 3 hours, so as to extract the maxi- 
mum of tannin. Any remaining solubles in the 



100 LEATHER. 


material must bo neglected, or reported Rcpa- 
rately as ‘difficultly Holul)lei substances. The 
volume of liquid in the tiask must be made up 
accurately to 1 litre afti'r cooling 

'J'ho total HolifU must b(^ determined by 
drying a weighed jiortifui of the material, or a 
measured portionof it.s uniform turbid solution, 
at a t/i'inperature between and 100'* in 

shallot^^ flat-bottomed basins, which shall after- 
wards be dried till con.stant at the same t(*m- 
perature, and cooled before weighing for not 
Jess than 20 minutes in an air-tight desiccator 
over dry ealenim r hlorido J^loisiarr is the 
difference Ixdwi'en 100 and the percentage ot 
tolnl sttlidt?, an;i-l mmlnhl; s- lh(‘ dilleieiiee belwi'en 
the total mIhU and total solaf>l< 

Filtration.- 'J'h(' mfiiMon sliall lx* lillered till 
oplieally <‘lear (see below) Ko eoinxtioii bir 
absor])ti<v’ is needed for llie Ibnlolidd (andle, 
or for S X’ S. .'iOOjiaper if a suffii lent quantity 
(2r>0 300 e.e.) is ri'jeeted before nn'.'i.vnnng the 
(piantity foi ev\i|ioration ; and the solution may 
be jiassed throngli rejxnite(ll\ to obtain a idear 
filtrate. If other inetlnxls of filtration aie 
enij)l(jyed the avc'ragi* eorreetion necessary must 
lx* determiiH'd in tin* following manner. About 
r»00 e e. of the same or a siinilai tannniL' solution 
is filtered pi'rfeetly clear, and after thoroiiLdi 
mixing 50 e e, is evaporated to d(d<‘iniine ‘total 
soluble No 1.' 'The ri'inainder is nt»w^ filteied 
in the (*xa(;t metlnxl bir which the correction i.s 
required (time of contact and >olumc icjectcil 
b(‘ing Kept as constant as jiossibie), and 50 c c is 
evaporati'd to determine ‘total solulile No 2’ 
'J'he ditlercnce betwei'ii No. I and No 2 is the 
corrt'ctioii i.ought, wliK ii must lx* ad(U*d to the 
weight, of th(‘ t.otal solubles foiyid in analysis 
An altcrnatiM' iiictliod of deti'rniining coiK'ction, 
which IS j;i]uallv acciirati* and often luoie (on- 
venient, is to niter a jiortion ol the tanning 
Holution thn^jigb the BciKch'ld (andle till 
optically clear, which can genei\ill} lx* acconi- I 
])lished by rejecting 300 or fOO c c. and n'turning | 
the reniainiiig filtrate rcpiaitcdly ; and at the I 
same time to evaporati* 50 c.c. of clear liltrate j 
obtained )iy the iiH'tlnxI for which cori(*etion is i 
rcijuired, when the diib'rence between the 
I'esidues will be the correction sought. i 

(Ncri’n. — It is olivioiisthat an a\eiagc coirec- > 
turn must be obtained from at h'list 5 determinu- ' 
tions. It W'lll be fo«nd tliat this is ajiproxi- 
in^tely constant for all mateiials, and amounts 
in tin* ca.se of S. X S. ()05, 150 c c. being rejected, 
to about 5 mgr. per 50 c.c and where 2 grams of 
kaolin are emjiloyi'd in addition to 7', ingi. | 
'riie Kaolin riirst be {nv\ lonsly wui'slieij with 
75 c c. of tin* same liquor, wdncli is allow'ed to | 
stand 15 minutes and then ponr(*d off. l^aper , 
(505 lias a sjx'cial absorption for a yellow colour- j 
ing matter often con'ained in suljihited extraets.) 

The totitl ,vo///Wr*.' must he determined by i 
the evajioralion of a mensmvd quantity of the ! 
solution previously ffltered till optieally clear l 
both by reflected and transiiiittc'd light : tlint is, 
a bright object such as an electric light filament j 
nuust be di.stinetly visible through cit least 5 cm. | 
thickness, and a layer of 1 cm. (U‘(‘p in a bealvcr | 
placed in a good light on black glass or black 
glazed pajier must appear dark and free from 
opaleseeuce w hen viewed from above. 

Hide -powder .shall be of wmolly texture, 
thoroughly lielimed, jireferably with hydro- 


chloric acid, and shall not require more than 
5 c.c. or less than 2 ‘5 c.c of N/10 NaOH or 
KOH to produce a. permanent pink with phenol- 
phthalein on (if grams of the dry powder sus- 
pended in water. If the acidity does not fall 
within the.se limits, it must lie corrected bj' 
soaking the powder before chroming for 20 
j niimites in l(t-12 times ifs waught of water to 
I wdiieh the reijnisile cdlciilated quantity of 
j standard alKah or acid I^k^s been added, 'rhe 
lude-jiowder must not swell in chroming to such 
an extent as to remh'r difficult tlic nceitssary 
s({ueezing to 70-75 ]> e. of water, anci must be 
sufficK'iitly free Iroin soluble organic matter to 
rcnd('i it ])o.s.sibl(‘ in the orLlmary w^asbing to 
reduce the total solubles in a blank exjierinient 
with (list lik'd water bplow 5 mgr jx'r 100 e.c. 
'I'lie powaler when sent out from the makers 
,*^hcill nof eonfain more than 12 ji.e. of moisture, 
and .shall be .sent out in aii-figlit tins. 

!i 'riie detannisalion shall fx' earned out in the 
following manner , - 

'I’he nioistiiiv ill the air-diied powder is 
(lek'rmmed and tlie (piantity pijiial to ()'5 grains 
actual dry huh' powali'i is calculated, which will 
lx* piactu'ully con, slant if the jiowder he kejit in 
an aii -tiglit vessel. Any nnilti])l(' of tins ijuan- 
1 ity is ta.k('n according to tlu' number of analyses 
to Ix' niaih', ami inoislcru'd witli ajqiroximati'ly 
ten times ilswu'ight of distilled water ’ 0'2 giani 
per hundred of diy jxiwah'r ot crystallised 
elironiic (Jiloiide ( 'it 1 ) “ is now' dissolvu'd 

in ,iva((‘) and nnuh' basic w illi 0 ti grain Na^CO , 
by tlu' gradual addition of 11*25 c.c. of N/i 
solution, thus making the salt eorresjioml to the 
forinnia (’r.3 '1 [(()! I ) ,. 'lins solution is added 
to tin* jiowdoi and tlu* whole ehuriicd slowly for 
1 I hour. In laboratoi'K's wlicn analy.scs are fre- 
I qm'iitly made it is more eunveriicnt to use a 
' 10 pc. stock solution, made by dussolving 100 
glams ot CrCl „(>H ) in a httk* listilled waiter in 
a litre flask, and veiy slowly adding a solution 
containing 30 grams of anhydrous sodiiiin cai- 
boiiale, wnth constant stirring, finally making 
U]) to mark with distilled water and well mixing. 
Of this Solution, 20 e.c. per lOO grams or 1-3 c.c. 
jx'r <>-5 grams of dry jiowaler slioiild Ix' u.sed.® 

At tli(! end of one hour, the powdin* i.s 
squeezed in Inu'n to fret* it as far as po.ssihle from 
flu* residual liquor, '‘and washed and squeezed 
rejH'-atedly with distilled waiter, until on adding 
I to 50 e.e. of the liltrate, 1 droj) of 10 ]),c. K.XTO4 
and 4' drop.s N/10 AgNO.,. a brick-red colour 
appears. lAmr or five squeezings are usually 
.suflicient. Such a filtrate cannot contain more 
than 0*001 gram of NaCl in 50 c.c. 

'Phe powder i.s then squeezed to eontain 
70-75 }).e. water, and the whole weighed. The 
qrantity Q containing ()’5 grams (Iry hide is 
thus fonpd, weighed out and added immediately 
to 100 e.e. of the unfilti'red tannin infusion along 
with (2(5 5-(}) of distilled water. 3’he whole i.s 
corkeci u]) and agitated for *^15 mnuites in a 
rotating Ixittle at not k*.s8 than hO revolutions 

^ Very woolly powdera nxinirf* slightly more than 
10 tunes tfieir wc'ight of water A powder may be 
conslden'd ‘ woolly ’ if it cannot be poured like sand 
, from a beaker. — II. K I’. 

I “ ‘ I’lirom-sesquiehlorld cryst,’ Kablbaum. ’Satls- 
I tactory (bromic chloride may now be obtained from tlie 
‘ British Drug IIouse.s ' 

1 ’ The soliif ion sometime.s ebanpes colour slightly by 

; keeping; but this has been shown to have no int1iien(*e 
' on resiilt3.~II B.P. 
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per iiiinuto. It Ls then squeezed immediately 
through linen, stirred and liltered through a 
folded filter of sufficient size to hold thu entire 
filtrate, returning until clear, and 00 e.c. of the 
filtrate is evaporated and reckoned as 50 e.c or 
the residue of 50 e.c is multiplied by The 
non-tannin filtrate must give no turbidity with 
a tlroji of a 1 p.c-. gelatin 10 p.e. salt solution. 

One gram of kaidiii free from solubles must 
he used eitlicj- by \nixiiig it with the hide- 
powder in tin* shaking bottle or nitb the liquid 
befofi' filtration. 

AM c^apoi’ations shall be rapidly cundueted 
at steam tenijuMaiurc lu shallow, llal-bottom<'d 
basins of not les.s than (>*5 eni. diameter to 
ajiparent dryness ; and shall bo subsequently 
dried betwiaai 08 5^" u«d 100'‘ in a. wati't or 
steam o\eu until tif eonsOint ueiglit, and sball 
lie afterwards cooled in small air-tight desiecaiitis 
over diy ealeium chloride for at least 20ininut('s, 
.uid ilu'n wi'ighed ia])idly, jST>l moie than tv^o 
basins shall lie ]ihu*od in one desi<‘(:atoi , and tlu* 
basins must not be wiped after rmnoval fioni 
the dcsiceatoi . 'riie ri'suliK' js ‘ iion-tanninH ’ 
'I’lu' dillerv'nei betwi'i'n thesi' and ‘ total soluble's,’ 
IS tanmng mallei s.’ 

The Loweiilhal melhotl is \ohnuetri(>, and, 
as v(,‘ry miu'h weaker infusions c an be employe'd, 
a larger ([uantity "f water can b(‘ used lu extrae - 
tion, or it may be ajqilied to very weak infusions 
without eoneimtralion It has gone out of aise 
for eommeu'ial analysis, but the eom})arison of 
its results with the hulc-]iow'der meiho(| is ' 
somot.inu's usi'fiil in the detection of mixtures in ' 
extracts; and as a eoniiol method in tanning, 
{(']!, Procter and Hirst, J. 8oc. (’hern. Ind. lOOtf, ' 
204). 

'I’he method dejiends ejii the oxidation of the * 
tannin by iiei niaiigunate in present! of excess 
of sut])b<^nated indigo, wlmdi serves both as an : 
nidieator and i'#gulator of the reartion. 

'I'lic indigo solution is made by dissolving ; 
5 grams ol ])ure sodium or polasMunw iiidigo- , 
Rulphonate ((.telie's Cmnintuni cternl. op. answers ' 
well) in a litre of distilled water, adding 50 e.c. i 
of eoneeiitrnfed sulphmie aeid and filtering ; or a j 
solution of 1 gram ‘Indigo jmre Jb A. S. b'.’ 
may he dissolved in 25 e.c. of eoneentrated 
sulph.uric acid, and luade up to 1 litre with! 
water and a further 25 ^e. of acid. Samples 
whu’h give a browij'sh instead of a pure yellow' 
solution .liter oxidation are useless. The 
solutions keep well, but thi; weak pcnmiiTganate 
is best made ud as required, by diluting lOO e.c. 
of a 5 gram ])er litre solution to 1 litre. 

'riie titrate m is best carried out in a beaker 
of 750-1000 e c, eajiacity placed on a white 
tile ; and if many titrations are to be made, 
should be jirovided with a serew-vaned stiver 
driven by a turbine or other motor ; l^ut in any 
case the stirring must be vig6rou.s and constant. 
20-25 e.c, of the indigo solution, according to it.s 
stron^h, and 4#i,) c.c. of good water free from 
organic imfhirity are introduced into the 
beaker, and permanganate solution is added ' 
from the burette as rapidly as it can be dropped [ 
until near the end-point. Uniformity in stirring 
and in the rate of drojiping is of prime import- : 
ance. j 

The colour changes first to green, and then ' 
to pure yellow, and as it approaches the latter, ! 
the flow must be checked and tlie last (lrop.s 


added very cautiously. The quantity v)f per- 
manganate used \vill be that required to oxidise 
the indigo. If tne ])i'oeess bo now re]Hnvted 
with the addition of 5 e.c. of the taimin infusion, 
the excess required to (h'stroy the blue will 
correspond to that recpiired to oxidise the 
astringerit.s added, and must not exceed two- 
thirds of that required for the indigo alone. A 
.second estimatiou should not differ fri^n tlio 
lir.st by more than OT e.e. ; and the results 
added together will eoiresnond to thi' total 
aslniigents m 10 e.e, of the infusion. But as 
gallic aeid and other bodies always present in 
tanmng materials arc oxidised like lanmn 
itsell, it IS u('oeH.sary to make a s^'eoml titration 
after retimving thi' taumn. and estimate by loss. 
Poi- this purpose hide jtowder, either white or 
ehrorncil, may he used as iii the previously 
de.senlied proc-ess, or to 50 e.e, of the liquor 
25 e ol a tn'sli 2 p.e. gelatin silffition and 
25 e.t;. of a .saturated .solid n iff of salt containing 
.50 e e. of eonei'iitrateii sulplnirie acid jicr litre. 
The mixture is shaken with a leasiioonful of 
kaolin for 15 minutes, liltered, and 10 e.e. 
titiatc'd. 'I’he rt'siiUs ol thi' gelatin inelhod 
in the separation of gallic from gallotannie acid 
areit('uil\ exact, hut probably by a eompeiiHa- 
tioii of ei rors 

As it is impvcssible to obtam pmr tannins 
against wbieh to standardisi' tin', results, which 
can only be compared with others obtained by a 
pii'cisely similar mode of titration, ])ure reerys- 
tallised gallic aeid has been found the most 
eonvement and reliable standard, 5 e.e, of a 
fri'shly made solution of OT gram jier litre 
being titrated in place*of the tannin solution. 

If it be desired to ealeiilato from gallic acid to 
the results ol the gravinu'trie method, the* 
following figures may be eiiijiloyed. but it must 
be lemembiTcd that except m tlR‘ ease of 
gallotannie aeid the eonqmri^on is nut with a 
chemical individual, and the re.siTlts only repre- 
sent an average. 1 gram gallic aeid- 1 -114 gram 
galloffciniiic aeid, 1 •()5 gram of the tanning 
matter of ehe.stniit wood, 1*89 gram of that of 
oak wood, 1 73 gram of inyrohulan, 1*()9 gram of 
quebraehi*, and averaging all ordinary materials 
U7(> gram, further details are given by Procter 
and llinst (/.c.). 

Tannage ojf .so/c leather. As this is a simjile 
anti typical case of vegetable tanning it may be 
described in .some detail. Knapp, m his classical 
e.ssay on the Nature and Methods of Tariffing 
(Natur und Wescii der Uerberei, Munich, 1858), 
adduces reasons for believing that leather is not 
an actuaPcheniical combination outlie gelatinous 
fibres of the hide with tannin, but rather t hat the 
action is a surface one in which they arc coated 
with an insoluble matter which protects and 
makes them resistant to solvents and decay. 
Though this conclusion is not wholly true, it at 
least describes a icaetjon which is specially im- 
jiortaiit in the ease of sole leather. Whether the 
actual cfui version of hide fibre into leather is the 
result of a strictly chemical combination, or of 
the formatii^ of an adsorption compound, its 
ftdidilicatiun is certuffily largely a case of surface- 
aetion. It has been said that both acids and 
alkalis swell the fibrous bundles and split 
them into finer fibrils, so offering a larger surface 
and more finely divided texture, and to produce 
a heavy and solid tannage it is found necessary 
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that this should take place either before or 
during the tanning process. The English solo- 
loather “tanner usually accoiliplishcH it by the 
action of lime in depilation ; the American, who 
unhaifs by sweating, has to secure it by a 
separate treatment with sulphuric acid, while in 
other oases where sulphides or low liming are the 
agents of depilation, it is jiartly accomjdishod by 
these §.nd partly by the organic ai ids prcsctit in 
the earlier tanning Injuois. 'J’hc avoidance of 
stale or old limes is important, as they plump 
badly and cause serious loss of weight, but j 
sodium sulphide is useful as shortening the j 
process. When a hide swollen with lime is ' 
brought yilo tanning liquors the weak acids i 
present rapidfy neutralise th(> alkah, and the 
hide, previously plump and firm, becomes soft 
and flaccid and falls in thickness. If little acid 
IS present in jiroportion t(' tannin this action 
takes pl-tvO very gradually, and the <.tannin 
Xienetratcs rapidlj in tlie aikalnu' .stute of the 
hide, but does not tan or fix the fibre, hut wlien , 
it is sub8e(|uently swollen by ands a })lnmp ia])id ’ 
tannagi! is (ditaiiH'd. which, hovveviT, is often 
deficient in e.olour from tlie tendency of the 
lime to form tannates whicli darken in drying 
If, on the other hand, the hide, comjiaratively 
Ireed from lime, is brouglit into liquors where 
acid jiredoiiunates over tannin, the thsue, at 
first soft and tfaccid, swells gradually and corn* 
bines with the tannin in an acid eondilion, again 
producing a plump haither and ot good colour, 
since lime tannates are easily soluhle in the 1 
acids present. Ilut if, on the otliei hand, the | 
uuswollen hide comes into liquors which have 
insufficient acid to pluvip it, or if, having been ' 
swollen by lime, it is allowed to fall back as 
before described, the tannin viil lix it in this j 
fallen condition, and it wdl be impossible alter- ' 
wards to plump it or to make tliiek leather. 

(The free aind capable of dissolving lime ' 
tannate in a liquor is easily determined direetly I 
by adding saturated lime- water from a burette 
to a measured quantity of liquor, till it fc<i'mH a i 
permanent cloudiness ; 10 e.e. of liquor should | 
require from 5 to 15 e e. Some of the acids 
which dissolve limi* are too weak to produce any 
perceptible plumping effect on the pelt.) 

For common sole and stra}) leather file first 
of these methods may be adopted with satis- 
factory results, though a previous delimmg of 
the surface with weak solutions of boric, acetic, 
laoOic, or some other weak acid is becoming 
increasingly common. If this is imt done the 
hides or ‘ butts ’ (from which thi. bellies and 
shoulders have been trimmed m the beam -house) 
are simply suspended in limy water to remove 
the scud and loosely adhering lime, and are then 
brought into weak liquors, which have alieady 
lost most of their st^rougth in previous use, and 
which may advantageously contain a consider- 
able proportion of gambieUi which has the 
property of colouring quickly without much 
contracting or drawing the grain. 'ITiese liquors 
should be contained in deep pits in whicli the 
hides may bo freely suspended, if possible with- 
out touching each other, and in which they maiy 
be kept in constant motion, at least for th!e first 
day, without exposure to the air, which would 
darken them by oxidising the alkaline tannates. 
This is best accomplished by suspension from 
frames to wh'oh an oscillating or traversing 


motion is given by power, but shaking fre- 
quently by hand will answer the same purpose. 
The butts or hides rapidly colour, and must 
be moved gradually forward into stronger 
liquors as the grain becomes set. It is difficult 
at this stage to state the suitable strength of 
liquor, since the specific gravity of these old 
liquors deponds more on the impurities than on ^ 
the tannin ])resent, but they may range from 
16" to 20 'of the barkomc^r (sp.gr. 1*0 15-1 ’020) 
or even more in mixed tanimcre, and the liquor 
should lamtain no acids strong enough to rMdeii 
nudhyl-orange, but should give a purplish-red 
to litmus jiapcr. 

If, on the other hand, it he desired to make a 
leather of first-rate colour and quality, the hides 
should he freed as perfectly as jiossible from 
lirne by scudding and Die use* of some of the 
other methods already mentioned, and should 
come into weak liquors of oak bark, gambler, 
vr other bright-eoloureel materials, which must 
contain a sufficient })roj>or1ion of tree acid to 
prevent entirely the ra))id coloration which 
has Ik'cii mentioned ; tlu' butts should colour 
miioli more slowly and then take rather a. 
brown than an ttraiige tint. Tins uiudity may 
ho obtained by using in the later parts of the 
proecss sneh materials as fcrmenl and produce 
acetic and other acids, as for instance light oak 
I hark and myi’^obalan.s, but it will sometimes be 
difficult to secure sufficient without the direct 
addition (d acetic or other vogetahle acid. 
Mineral acids, such as suljihuiie and hydro- 
chloric, must be avoided ; but formic, butyric, 
and lactic acids are suitable, and oxalic acid may 
be used in small quantities to icinove lime and 
to liberate the natural aciils Auth which it was 
combined The goods must gradually be moved 
into stronger hquors, but cari' must be taken 
throughout to k('cp tlie acid in excqs.s of tlie 
tannin, so that the butts graOually plump up 
and remain ]>lump, and it must be borne in 
mind that so far as swelling is concerned, acid 
and tannin are antagonistic. Putrid or stale 
liquors (wJiich arc often styled ‘sour’ but 
contain little or no acid) must I'A? sedulously 
avoided in every sort of sole-leather tanning. 
'ITie great importance of the exact ‘ true 
acidity’ (If ion concentration) is more and 
more recognised. 

In the \mericBii tiealmcnt of ‘ acid ’ sweat- 
j leather the sides are usually slightly coloured 
! Indore plumping in a sweet and moderately 
' strong hemlock liquor, ami very dilute sulphuric 
; acid used with water only, hut if the colouring 
i and plumping are done together, a sweet fresh 
j hemlock liquor is used with the vitriol so as to 
i tan the grain before it is much affected by the 
] aoid. ’J’he butts receive all their plumping in 
i this aci() vat, and are then tanned in liquors 
! which contain no I>itriol. • Good results are not 
I usually attained by adding vitriol in small 
1 quantities to the ‘handler liqubrs.’ 

After the colour is fully set, and’the butts by 
! whatever method are fairly plumped in the 
. suspenders, the rest of the process is very simple. 
The butts are laid flat in ‘ handler ’ pits, generally 
1 with liquor only, but sometimes with a little 
I solid dusting material as the butts get forward. 

1 In these pits the goods are handled once a day 
j or (rftener, and the liquors are constantly 
changed and strengthened. This (or in the 
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early layers) is the stage in which hemlock and 
other dark-coloufed materials can be introduced 
with least injurious effect. Instead of this pit- 
tannage in the middle stage, drumming with 
much stronger liquors comes more and more 
into use, greatly shortening the time required, 
though possibly with some loss of quality : for 
which reason it is generally used as a secret 
process. When the butts are coloured quite 
through, they are placed in ‘ layers,’ with 
stronger liquor and solid tanning material, such 
as ihimosa bark, myrobalans, and valoma, 
strewed between them, and they are allowed to 
remain undisturbed fur periods of from 1 to ti 
weeks, according to the age and character of 
the goods ami the })ractiee of the tanner. This 
is repeated till the goods are fully tanned, when 
they are raised and drained, or somotinies 
washed from adhering ‘ dust ’ and strong 
liquor in a warm sumach or myrobalans liquor, 
or are ‘ vattcd,’ Th’s ]irocess consists iiT sq^- 
petision in a strong liijuor made with hisulpliiti d 
or ‘ bleaching ’ extract, or, preferably with 
horadol D (one of St.arny's ‘syiitans’). They 
are then taken u]) into the drying lofts, where 
they customarily reei'ivi' a sliglit oiling and are 
hiiQg up until about half dry 'They arc tb<‘U 
laid in a pile to soften and equalise the moisture 
(‘ Rammed’), and the grain is struck out either 
by hand with the ‘ ]ini ’ (a tw<f-handled Knife 
with a triangular blade;, or more generally by 
machine ; again slightly oiled, somewhat further 
dried, and rolled twice and finally dried off in a 
warm loft. Tlie exact dryness or ‘ tcmiier ^ for 
the different operations is a matter of great 
importance, but is not easy to describe in 
writing, and it is besides somewhat inffueneed 
by the tannage, it is not uncommon to im})rove 
the colour of the grain by washing it with an 
aniline yr (dlier colour in the Interval between 
striking and roMng ‘ off,’ In place of ‘striking ’ 
simple rolling witli a rolling maohme is coining 
more and more into use. • 

Dressing leather. Hides intended for 
‘ shaved ’ hides are generally light, not exceeding 
60 lbs. in r*w weight ; those for ‘ dressing ’ or 
‘ common ’ hides may be somewhat heavier. 
They are unh'aired with lime and bated with 
hen pr pigeon dung, and ‘ sliavcd ’ hides are 
shaved over the thick jisffts of the butt with a 
currier’s knife, thehedgG of which is, turned hi a 
peculiar way, and sharpened with a slender steel. 
They are coloured by frequent handting, or 
better by the use of a vat agitated by a rotatory 
paddle wheel, in a sweet liquor sufficiently strong 
to colour and set the grain in a di.stended con- 
dition, so that, as the inner portions swell in 
thickness and shrink in area from the weak 
acidity of the liquors, it becomes wriiiklccbup 
into a network of tine furrows. At this stage 
hides are often spUt with i# reciprocating knife 
machine into ‘grains,’ which are finished in 
various ways, ftnd ‘ fleshes,’ which when good 
are usually^ waxed.’ After this the tannage is 
conducted similarly to that of sole leather, but 
with much weaker liquors and tanning materials, 
selected to produce a soft and pliable leather. 
Any considerable acidity of the liquors which 
would swell the hide and produce a hard leather 
must be carefully avoided, while stale and so- 
called ‘ sour ’ liquors will soften and supplement 
the action of the bate, of course at the cost of a 


further loss of weight and firmness. I iv the shed, 
dressing hides are simply oiled and lUied, hut 
it is now more general to curry them wet out of 
the pits, an operation which is rather mechanir.al 
than chemical, but which consists in scouring out 
the bloom or deposit of ellagic acid which 1ms 
formed in the surface, shaving down, and trcai- 
iug with oil and tallow. ‘I’lio ‘ stiilfiiig ’ or ini- 
]>regiiation with fats may hi' done by foaling 
the moistened leather on one or both sides with 
‘dubbing,’ a pasty mixture of fallow and oil of 
which the more liquid jiart is sKiwly absorbed ; 
but it 18 now more usual to place the inoisteni'd 
leather in a warmed rotating drum, and run in 
llio melted fats, winch aie absorbe^l in about 
20 luinutca. 'I’lie iiiechanieal prifhesses are now 
alnio.st entirely done by machines. 

Enamelled, patent, or Japanned leather. 
These names are a])plied to the various kinds of 
Ioath(‘« which are finished lyOh a water- 

proof surface similar to tho^cqnered work of 
the .lapaiiese, the first generally denoting leather 
I so finished on the grain side, and with a grained 
! surface. The eolonr is eoniuionly, but not 
j invariably, black. 'I’iio leather may be tanned 
I w'ltli a variety <tf iiuiterials, but must bi' well 
; scouted and eurriod with but little oil or degras, 

I and it iR neccBsary that the ludes sliould lie well 
■ freed from grease by <'arcful scudding before 
tanning, and now usually by the use of petroleum 
spirit or other solvents in a suitable apparatus. 
'I’lio skins arc stretched on boards or frames, and 
coated with a linseed oil vamish boiled with 
Lh-ussian blue, and sometimes lampblack, and 
other pigments. The colour of tlie japan is not 
blue, but a brown-bla^i, and the iron of the 
i'russian blue acts not only as a colouring 
matter, but a drier. 'JIk' frames ai'c theiig* 
sUd into grooves in a sort of closet heated by 
steam to 40'^-60'^, and wlion tlie <•^1 is, dry 
the process is rcpeafiid till the requisite thick- 
ness 18 obtained, each coat bo1ng«Hiuoothed with 
pumicc before applying the next. Jn i^’rance 
and <«ermany the japan is frequently ’ finally 
hardened in the sun, and ultraviolet rays from 
the mercury lam}) have been successfully used 
for the satno purpo.so. I’lio American tanners 
} aro jiarticularly skilful in treating largo thin 
i hides in this way. They are divided by the 
sjilitting maeliine into several thicknessoB, and 
both the grain and flesh splits aro frequently 
enamelled, the flesh split^oeeiving a meliminary 
coating of thick boiled linseed oil ancf turpeiitine 
to form a sort of artificial grain, in recent 
times nitrocelluloBO solutions have been largely 
used to «)place the whole or a part of the linseed 
oil composition. * 

Morocco, when genuine, is jirodueod from 
goat-skins, but an article of equal quality is 
made from the »ough- haired or ‘ blue- back ’ 
seal, and an inferior description, called ‘ French 
morocco,’ from tj^ieeji-skins. 'I'he skins are un- 
j haired by liming, puerod with dog-dung, and 
j passed through a bran drench, and are tanned 
I with sumach, first in paddle-tumblers, and then 
I in handlers^ With sheep- skins the process is 
frequently much listened by sewing them into 
bags, which are filled with sumach liquor and 
a little air, and arc floated in a sumach bath 
and then laid on a shelf to drain and press. 

1 After a day’s treatment they are again filled 
- with a fresh sumach liquor, and this is usually 
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suflicient to complete tlie tanna^^e. When 
dried, those are railed ‘ oru.st-roanB.’ The dye- 
ing is done either by brushfng on a table, or 
by folding down the back, or jiainng, so as to 
])roteet the flesh side as much as possible, and 
drawing through a dye-bath, whieli is generally 
of aniline colours or dye-woods. In more recent 
times tli(‘ natural hav(‘ been almo.st entirely 
Bupcrsgded by aitificial (eoal-tai) colours, and 
the dyeing is frequently done in a j)addi(‘ vat or 
in a drum. Tiio gram reeeiies a slighl glaze of 
albumen and i,s polished liy glazing machines hy 
friction under agate, glass, or hard Avocjd, and I 
is sometimes impress(Hl w’lth an aitiJieial gram i 
by cngrav^sl or elect lolyjied lollms; the gram I 
being afterwatds raised <»r mipio\cd by th(‘ ' 
ojicration known as ' boarding.’ | 

Russia leather is tanned Witli willow, biroli, ' 
and ])robab]y t)tlier haiKs, and is dye<l with ! 
lirazd wT,' ^ grouncjlcd with stannit; chloride ' 
its ])e(!uliat oduuf is due to the essential oil of , 
hircli-hark t.ai, which is applied during t-he , 
iinishmg pivtei'SK. Many imitations mad(' in | 
England and on the Contiiu'nt are seented by a j 
small propertioii of this, rijiidied mixed with oil, ! 
to the fh'sh-side. 

‘ Chamois ’ or wash-leather is a totally ' 
dilTereul. i»i'oduct from those whu h linxe bi'cn i 
already d(‘scribed 'riic ordinaiy aiticle is madi' ! 
from the llesli-sphts of slua'p-skins. and is 
thoroughly limed so as to dissolve as much us i 
])oS8ible of the cementing substauci' of the tibres, | 
and so produce softness. The liini' is fheii re- | 
moved liy a short brau-dreneh, and aftei the , 
superfluous moisture has bemi pK'ssed out. tlu' 
plans are oiled on a table with tish or ulialc oil. ! 
folded m cushions, and worked under fulling ' 
r .stocks for 2 to 2 hours, and th(^n shaken out- 
and hung up for a short time to cool and ]taitiall_\ 
dry. (In /I'Jngland the ml is usually gindually i 
added during stocking ) Tin' ]irocess is icjicatcd ■ 
again ami agaif. mltil the wutet has hcc'n entiri'ly 1 
re|)laced hy od, and tln'V aic then laid in a pile ■ 
in a warm ])lace, wIk'Ii a smt- ot fermenliition 
takes place with a eoiisidorable pi eduction of ; 
heat caused by the oxidation of the ml. and llie | 
skins take a yellow colour. Tlie suriilus od is , 
now removed either hy pressure {‘ degras ') or by 
washing with potash or soda lye, from which ' 
* sod oil’ is roeoven'd by ncutrah.sation with j 
pulphuric acid. Thoimh it is not known what | 
cln’iiiical change takes place in the hbies. the , 
leatJuer is extriiordinanly resistant both to j 
boiling water, acids, and alkalis, and yiehb no i 
gelatin on boiling. It lia.s been srjiposed that ' 
tho fibres were ini'iehr coaled with oxidised oil- 
product.s, but fnis is negatived by the fact tliut 
the leather is unaflt'oted by alkalis whieli readily 
dissolve oxidised oils, and it is more jirobable 
that the tannage is due to aldchydii- products of 1 
the fatty acids and glycerol. Only mis of which 
the fatty ai'ids have nnsatiira^ed double bonds 
will produce the result, and the most unsaturati'il 
arc the most effective. Excellent leathers <*[ a 
chamois type are jiroduced hy direct ticatmcnt 
with fonnaldeliyde and some othei aldehydes m 
a solution rendered alkaline fey sodium carhomiliib 
(Payne and PuUmann’s patent, 2872, 18i)8). 

Crown leather (Preller’s, or Helvetia leather). 
Idas leather, which is remarkable for its tough- 
ness, may be regarded chemically as inter- 
mediate betw'een ‘ chamois ’ and kid, as it is 


produced hy the action of oils and fats in con- 
junction with an albuminous ‘filling’ quite 
analogous to the egg-yolks and flour which are 
u.sed in the kid manufacture. As the leather is 
emjiloyed for belting, picker straps, and other 
moehanieal purposes, well -Hayed hides of 
medium substance are most suitable. They 
are unhaired by sulphides or sweating, or by a 
I veiy shoit bmmg hastened by mechanical 
I motion, so as to les.sen in Wiry to the fibre. Eor 
' the ,suk(' of ajqiearance they aie often grained 
and coloured by w’orking for 1-2 hours 'in a 
paddle tumbler in a moderately stroiig/diestnut, 
hemlock, or other tunmiig liquor, ’fiiey are 
then .swollen (it not unhaned wnth lime), hy 
paddling for a few Jiour.s with about 2/, oz. of 
sulphuric acid jier liidis, washed thiough clean 
waU'r, and Jning ii]) until hall dry. ’J'hey are 
next sjm-ad on a table and coveied on the 
fie.sb with a- kiyi'r of ianiung jiaste { incli thick. 
'I^iis'lnay he coinposial of 7 jiarts wheat flour, 

7 ])arts hor.se giea.se, I part- salt, and L2 jiaits 
tallow. (Originally ox-l»r,iiiis wi'i’c nsi'd in the 
mixtuie, but are n<»t iiece.ssaiy.) 'J’liey are then 
folded in hundles and aie ]ilac(‘d m a large druiii 
stndderl with pegs inside, and w aimed by the 
iiijecljon ol moist air to about 21) ’ or -1(E, accord- 
ing to the haidness oi tlii' fats (‘mplo\ed, in 
which they are worki'd loi- 8-12 liours ; at the 
eml ol tills tifVK' they aie again jiartialiy diK'd 
and eoaled with ilie bit-mixl ure, and tlic jnocess 
rc'peated tour or live limes. Tlu' iiides aie then 
w'ashed in water, and .soiiietinus wilh a little 
soda, and aic cuiiu'd In selling out- on both 
sidi's, and hoai dinn to luise tlie giain. 'the yield 
i.s only about 20 40 p <• ol tlie raw wciglil of hide. 

Calf- and glove-kid. As it is impossible 
within the limits of this aitule to give working 
(k'Lail.s wlu're the grcate.st nicety j.s required 
in every stage of inamifactujc. and as the 
general outlines arc the same imdiotli these jiro- 
duct-s, it mn.st siifiiee to take them togethei, 
bnelly yidicating how the dillerent qualities of 
each ate pioduecd ; especially as call-kid has 
been almost entirely siijicrseded for shoe jmr- 
poses hy chiome leathers In ealf-kid consider- 
uhle tirmues.s is ic(|uired, together wnth great 
jihahility, whilst in glove-kid, which is made 
from actual kid-skms, as well as to a large 
extent from fine lamhVivins, not only the greatest 
softne.ss, bpt the projierty of^tietchmg m every 
direction without tendeiu-y to S]»ring back, is 
essential. I’liis characteristic dilferenec is duo 
partly to the difierent ehaiacter of the skins 
employed, and to the fact that in the latter casc 
special care i.s taken in the- beam-house so to 
dissolve the eementiiig matter of the tissue that 
the scjinrute fibres <-an move over each other 
wi(^|iout adherence. Hence the calf skins are 
usually unhaired sim\)ly by a rather thorough 
1 liming, wiiilst the ikids are treated with limes 
1 which, in addition, contain realgar (red sulphide 
, of ar.scnic), wdiich is mixed with the hot slaked 
lime. Jn each ease the skin is 'juiered, first 
with a bate of dogs’ dung, and then with a bran 
drench ; anil in lioth cases, but especially in the 
latter, tho w^ashiiig ami working on the beam is 
very thorough, since unless the fat-glands and 
scud are very cumjiletely got rid of, it is impos- 
sible to dye the skins uniformly and properly. 
The tannage is effected in a drum containing 
a mixture of flour, alum, salt, and egg-yolks. 
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with an addition of olivo oil, being in prin- j 
cipio a ccjinbination of mineral tannago with j 
that of oil and albumen as described under 
‘ cTown leather.’ After tanning, the goods, ! 
whether for shoe or glove jnirposes, are dried, i 
softened by ‘staking ’ or drawing over a blunt 1 
knife, and ‘ aged ’ by keeping at least a few j 
weeks in a cool warehouse to tlx the tan. (kdf-Kid i 
is then damped and shaved im the l\es\v, and 
dyed black after grounding with a mixture of 
stale urine, or animomu and potassium diebro- 
mateVitii logwood, .sometime? by brushlnL^ and 
soinetimci by folding grain side out, and jiassing 
through a bath of tlie dye-bquor, and the dye 
darkened and lived by a wash ol feuTous ,sul- 
'I'he skins are llien ri' I'gged to restore 
the egg, &(' , renioM'd rti washing and dyeing, 
jiartially dneil, and then grounded with a 
moou-knib' (a round knife with a eenlial 
Jiandlo), rubbed over tlie grain with a mivtiye ol 
wav, soa]), and gum, and ironed to give them § 
gloss, liand labour being almost entiiely su])im'- 
seded l)y tuaeliines. 

In glove-kid tlu' dveing pro* i'ns is mm li luoit' 

( oiii|)heat('d, and most of the tannage is w aslu'd 
out with warm watiu’, which neeessitatc'jt; a 
scLoiid feedine m tlm dium with egg-yolk and 
salt. The lolouts ai(' piodmed by a great 
N'anety of dyes and luoid.iuts, among whudi the 
juices ot a vunet\ of bi'iiu's may Tx' numtioiied 
Aniline, dyes are iai('l\ us('d uIoik', but ar<' 
fn'quently employed as a linal wash to brighten 
the coloui. .\lter d\('mg, tlu' skins arc wrung 
out or ■ slei'ked ’ out with a, brass or vuieamte 
siei'ker on a beam, diu’d. and again sJigldly 
damped and stretched liy diawmg o\('r a blunt • 
knife whudi is lived (Ui a post; an operation 
wliieli IS called ‘ staking.’ i 

Mineral tanned leather. Jt has l<mg been ' 
known t|iat not only aluininnim salts, but I 
ihosi' ot iron ai^l idirumiuiu <•{ ( orresjiomlmg J 
tyjie wm'e eapabhi of prodmang haitlier, ami ' 
as early as iS.'iS, Kna[ip deseiibed a method ' 
of eluomc taiming, which is identical wilh 
one of Dll! modern proces->es ; luit it is only I 
within reeenf years that it lias bi'cn realised ; 
,that sucli leatliers possess valuable juojx'rties, 
and esiieeially as regards then lesislanee both | 
to hot, and cold water, winch justify the much i 
greater expense of chronic as compared wnth i 
aluminiiirn salts, it is quite possible to ju’o- j 
(luce chrome leathers with clirome alum and 
salt, but practically Jvriajip’s sugge.stmii of 
forming a basic salt cither by addition of 
sodium carbonate to the solution or in some 
other way is always em[)loyed in ‘one-bath’ 
tannage ; while the ‘ two- bath ’ jirocess of 
August Schultz, which curiously came into 
practical use before that of Knapji, actuaHy 
produced a basic salt in the skin, by treatment 
with chromic acid and its subsequent rediieiion 
with aeidified sodium thiosuljihate. In either 
case tlie salt m <lhc skin afterwards is nmdered 
still more baffe by ‘neutralisation’ with dilnle 
solution? of borax or some other weak alkaline 
salt, and the leather is afterwards ‘ fat hquoied ’ 
with a thin emulsion of oil and soaji, dyed, and 
subsequently dried out and softened by ‘ stak- 
ing ’ by machine. 

Iron leathers have never attained any com- 
mercial importance, although Knapp spent 
time, and money in trying to develop them. 


Titanium and cerium salts have been showm to 
possess tanning properties, hut are still in the 
experimental stage. Probably most sails wdiieh 
produce colloidal precipitates are capable of 
producing a sort of semi-mcehanieal tannage. 

Investigations on chrome tannage' liavc 
thrown much light on mineral tannages in general. 
It is now generally admitted that the salts are 
' decomposed by hydrolysis, and the acich com- 
bining witb one or more of tbe amino-groups 
' to form a gelatine salt, and the less soluble 
j basic ion ail.sorbod by Die large surface of the 
{separated fibril.?. I’his adsorption is jirobahly 
i paiMy physical, but there is a good deal of 
i evidenee that a salt of clironq^im •]? linally 
I foriru'd wilh Die gekdine carboxyl (A. and li. 

I Lnmu'ro and Seiu'witz, liiill. Soe. ehim 11)011, 
' 111 , 21), 1077), containing IMMPb p.e. of Drdla 
1 on the gelatine. Wilson also (,F. Ainer^iCaDu'r 
Clicm. fi.s.soc. 1017, lOH ; and ( j^h'giiin^jomlon) 
i 1017, 10.7) m\('s strong reason to bi'iieve that 
'an actual eompound i)f aliout (he same coni- 
' position IS formed witli hide libre, but there is 
' no doubt that beyond this, eonsideiahle (jiiaiiti- 
; ties of cliiome oxide oi a liasic chrome salt may 
I bo lixed bv adsorjttion. 'I'lu' goJat ine eompound 
' IS insoluble even in boiling wuti'r, but is di’com- 
I po.s(>d by both acids and alkalis (‘onsiderable 
I doubt exist.? wlieDior the so called basic solu- 
tions of ebrome .salts are really dchmte salts, 
colloidal .solid ions of ('brome oxide in Die normal 
.salt, or salt? of e-omjdcx ions PasRctt (J. 0 S. 
11)03, •»l)2) shows that suljihiirie acid contained in 
Di('.solutionj)roduc('d by reduction of dichromatos 
with SO.^ no longer reacts with barium chloride. 
Pol practical puijio.-es the basicity j? estimated 
by hot titratKpi with NaOfi, and compounds 
corrcsjionding to (h'CL(C)ll) an' fouud to be 
suitable for sole-leather tannage, whik' for Dio 
liner and softer leathers they are advaittngeonsly 
somewhat more basic. llydro.^'-neids form 
complex ions with ('r which do not tan, and a 
solution of sodium j)ota8.siiim tartrate (HoehcUe 
salt) ifill roinoK' Du' whole ol tlu' ('r from chrome 
h'atlier, while almost the whohi of the tartaric 
acid can 1x5 recovered by suitable acidification 
as acid potassium tartrate (Ih'octer and Wilson, 
,1. Soc, Cliein. Ind. IDlb. lob). Lamb has also 
paU'.nted the use of oxalic acid for the same 
puijMise. 

I'or the ‘ one-hath ’ pr^ieess of tanning, basic 
solutions are invariably employed, tbungh soft 
and lightly chromed leatliers can be made v^th 
normal chrome salts by the addition of sufficient 
1 common salt, but the absorption of chrome i.s 
! limited t<i the amount rendered,l)asie by the 
' absorjition of acid by the amino-groups of the 
1 skin itself, and the salt is necessary to prevent 
excessive swelling. Knapji made his basic 
liquor hy the addition of *)dnim carbonate to 
the normal salt, Martin DeiiniH by dissolving 
chromium hydro:!#de in hydrochloric acid, and 
adding soda if neecssary ; and liquor,? suggested 
! by Procter have been largisly used in which 
' ('ither elirome alum solution is rendered basic 
] by 8(xl.i or bi^ hromati' is reduced in presence of 
I a4;ak'ulatcd quantity*of uc'id oy sugar or glucose, 
I for which other inventors have substituted 
starch and giyccririo. Probably the best basic 
liquor is that recently suggested by Procter, 
but apparently already in use as a trade secret 
by certain firms, in which bichromat/C is reduced 
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directly by gaseous sulphurous acid. If the 
reaction is complete the equation is 

-Na,S04+Cr,(S()4)20H+3(H20) 

hut it is certainly an equilibrium reaction, and 
if SOj is present in largo excess, Hassett's 
equation 

K2(:if/)a-411,SO,-K,S()34-(!r2(vSU4).4 4H.0 
is probably partly justilied. J^racticolly, how- 
ever, as H2SO3 has little swelling action on the 
skin, the liqiioi' acts as if the first equation were 


, as to enable them to absorb the dye. Logwood 
1 and iron is generaUy used for blacks, and acid 
! dyes for colours, as the basic dyes can only be 
1 fixed by previous mordanting with tannin. 

A skin pro])erly chromed by either process 
should stand boiling in water without shrinking. 
‘.Semi-chrome,’ w'hieh is vegetable tannage 
partially stripped of tan by alkali and re- 
chromed, is not nearly so resistant. 

/ H. R. P. 

LEATHER BROWN-YELLOW, CHRYS- 
ANILINE, V Acridine dyestuefs. 

LECANORIC ACID {IHomlhiuc acid) 


fulfilled, and gives the same results when titrated 
with soda* It is thus suitable for sole leather j 
without any addition, but for light leathers 
should ]ierha])H bi' made slightly more basic, 
when it has jiroved very successful even' for | 
chrome-kid. It tans \ery rapidl^', eomjilctely | 
tanning'^Libvk hide 111 still susj)onsjon< witlnn 
48 hours. Sodiilm bichromate is better than 
the jiotassium salt, since its much greater | 
solubility enables conceutr.itiKl solutions (15-18 
p.c ) to 1)0 made wdiicli can be diluted as 
required. 

Single- bath iaimage can be earned out 
cither in susjicnsion, or more rajudly in the 
paddle or drum ’Flie hides or skins are pie- 
pared much as has been described for oilier 
tannages, and are treated witli liquors of 
increasing strength, or often of slightly increasing 
basicity, or very successfully, simply by using 
fresh packs for exhausting the liijnors previously 
used lor more advanced goods, as in the ease oi 
vegetable tannage. 

In Schultz’s two-bath tannage tin* prepaied 
okirii are first treated in an acidified solution of 
a bichi’omate, about 5 p.c of bichromate either 
of soda or potash and 2 A p.c. of liydroeliloric 
acid, or %n equivalent ([uantity of sulphuric, 
being used on ttje weight of wet skin. When 
the skins ai*D thoroughly yellow throughout 
they are transferred to a liath containing 10 ji.c. 
or more of acidified sodium thiosuliibate, nfwhich 
the skins become bluish-green and the actual 
tannage takes place. 'Ihe chemistry of the 
reduction is very complex, and .sul])hur is 
'deposited on the skin. 

After tannage by either method, and sub- 
sequent washing, the skins are ‘ neutralised ’ 
or treated with a weak alkaline solution which 


was first described by Seliunek niider the name 
of ‘ leeanonn,’ and wijs isolated by him from 
various sjiecies of the Lccti'tiorU’ and VaiiolaTia 
liehen.s. It is also inesciit in some quantity 
in the JtoccUa vavmtc atus, IL />(>/'{< titOMi, h’. 

.srs, and J*armeha 'pcrlata [l.c.), and, 
According to Hesse (Aniialen, 130, 24), is best 
isolated by the following method, which is a 
modifieatmn «tf that originally devised by 
Sehiinek. 'J'he finely divided lichen is extiMcted 
woth etlu'r, the extract evaporated, and the 
grecnish-wlute crystalline residue treated with 
lime w'ater. 'I’he solution, when neutralised 
with acid, gives a jirecipilate of Iceanoric outl, 
which is eolloctcd and crystallised from alcohol. 
In ra.se the product is not quite pure it is treab-d 
with ether, winch dissolves the acid, but not 
the impurity. 

' Tjeeanoric acid erysiulli.'V's in eolourlcsa 
needles, m.p. Htti® (liess(\ iier. 37. 4003), the 
solutions of which posM'ss an acid reaction. 
With aleoliolie hniic chloride it gives a dark 
pur])lc coloration, and witli dilute calciimi 
hypuehlurite a blood-risl Ji(pnd, uhich, according 
to ITi'Sse, is charm tevistic, and can be used to 
distinguish tliis substance flom^the kncVsvn lichen 
acids. 

IhhrohLolrcanonc (utd {Hesse, Annalen, 130, 
28) eonsisls of minute prisms, 

m.p. 170 , whereas titinhromolccanui'ic acid 
prisms, melts at 157°. 

PoUissnim. Iccanoratc (hjHiaO^KjHaO ; 60- 
irium IcCKinorafv {OiglliaO-lgBajbHjO ; calcium 
I Iccruhoralc (C\„Hi30,)2(ki,4H2() ; , silver Iccanoratc 
Ci9Hi307Ag ; hod U anorak 

.llheHxaO^l.Pb-bPbll^Oa 


renders the absorbed cluoine salt more basic 
an€ less soluble, and prevents the curdling of 
the subsequent ‘ fat liquor.’ A weak solution 
of borax is generally used, but a netter method 
invented by Stiasn;^ consists in the use of a solu- 
tion containing 4 p.c. of ammonium sulphate 
and 4 p.c. of crystallised sodium carbonate, of 
which it 18 best to add only 2 p.c. at first, and 
the rest if i-oquired. With this solution, owmg 
to the weakness of ammonia as an alkali, and 
the repressing effect on its* ionisation of the 
excess of ammonium sulphate, it is impossible 
to over-neutxalise, which may easily occur oven 
with borax. ’I’he activity of tho bath can be 
restored by the addition of further quantities 
of soda a^i required. * ' ** 

I’he skins are then drummed with a fat-liquor 
containing a small percentage of soap and 
omulsilied oil, and are dyed, dried out, and 
tiniahed. The dyeing must take place before 
drying, as it is impossible so, to re-wet the skins 


and cqvjicr Iccaiwratc ((b0Hj3O7)2Cu,2HjO have 
been obtained (J. pr. Chom. lii.J 67, 204). 

When boiled with water, lecanoric acid 
yields orscUinic acid CjgHi^O H 20=2CgH 8O4 ; 
whereas by means of boiling acetic acid or 
baryta water, orcin and carbon dioxide are 
I simultaneously produced : 

! On tlie other ’iiand, methyl alcohol at 86° 
j gives, in addition to orcin and carbon dioxide, 
' orscUinic acid methyl r^tcr : '' 

C,8H,4O_-f0K3On«V7H/)2-COCH'H3+C7H80j-fCO2 

Tho constitution originally assigned to 
I lecanoric acid : 

I CH, 

I /N OH 


k/ 

OOOH ( 
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in view of the work of Heinrich (Ber. 37, 1406) 
on orsellmic acid, is more accurately expressed 
as follows ; 

CHg ' 

0h/\0H ! 

CH3 

'I'liis structure hui^ been confirmed by the 
synthesis of the acid (Vischer and Fischer, Ber. 
1613, • 46, 1138). 'L'hesc authors converted 

dimeth ijl-offt honolo-orsdlivic acid : 

(;ot)H 

I 

('ll /N-~()» ('()..-( 'II3 

'0 ■ 

I 

()—('(;,— ('ll , • 

• 

into its chloride (lu.]). r>3’ -r)6'('.) by the action 
of phosphoius })cnta"hlorfdc in j)H'.si‘nec of 
acetone, dis.sohcd tin* piodin't m the same 
solvent and j:iadually added a well-cooled solu 
tion of <)rHclhnic .icicl in acid.ono ami N atjueous 
sodium h}diatc, \vlu'icl)\ dinutlnjl-uiihoiiaio- 
orsdluioyl-o) ^dli n tc acid : 

(O -- -- O 

CH.-ZV , I 

Oil 

I I • 

O-COg’Mc (X)OH 

needles, m.[). 185 -187' was formed. \\ hen 1 
hydrolysed by nieaiiH of aqueons caustic s<ida, 
this slowly passes into Iccanorjc acid, colourless 
needles, which softens at 170'-', and is completely 
melted at 175'', with evolution of gas (c/. Hesse). 
The crystals wlWn air-dncd contain 1 molecule 1 
of water of crystallisation. 1 

The uh'iitity of the product thus oAitained j 
with natural lecarioric acid W’as estniilished by : 
comparing then incltmg-points, colour reactions ' 
with ferric chhiricle. and with bleaching ]Kiwdcr 
solution, and finally by coiivertina each into ; 
mdhyl-hmnoratc-trmcthyl-dlici ^ 22 ^-^ 7 ' 

Tljc trimethyl -ether of mctliyl-lecanorate 
has been shown by Fischcf ( Ber. 1913, 46, 3253) , 
to b(; identical wiUi the product of. the action 
of diazornethano on evcmic acid. 

A. (?. i\ \ 

LECITHIN is a monamiriomono])hosphatide 
belonging to the grouj) of phosphorus-con taming 
fats kriowm as hjiins,’ The occurrence of these 
complicated fats was first described by Fourcroy 
in 1793. Lecithin occurs in practically all 
• ar^al tissues, and is intimately associated 
with the ccU-protoplasm ; indeed, it is imcessary 
for this combination to be bfoken up, oy treat- 
ment with alcohol or other means, before the 
whole of the l#iithin can be extracted. The 
proportion dT lecithin in the different tissues 
vanes considerably ; in drieil ox-heart, 10 p.c. 
has been found ; in egg-ytdk, 9-5 p.c. ; whilst in 
the spinal cord of the rabbit as much as 35 p.c. is 
present (Eriandson, Zeitsch. jihysiol. Ohem. 
1907, 51, 71 ; Roaf and Edie, Thompson Yates 
Lab. Report, 1905, 201 ; Nerking, Biochem. 
Zeitsch. 1908, 10, 193). In human milk from 
0*024 to 0*079 p.c. occurs ; in plants, lecithin is 


present chiefly in the seeds. Schulze found the 
following proporti^uis in leguminous ]ilautH ; 
in beans, 0*30 p.c. ; lupins, 0 37 ; votebes, 
0*39; peas, 0*61 (Lauds. Versuchstat. 1891, 
269). 

Preparation (MacLean, ,) ihith. Bact. 1914, 
490). — The tissue, which should be as fresh as 
possible, is minced and .stirri'd up with several 
times its volume of acetniie or alcohol ;• after 
standing, the solid is separated by filtration 
' through a cloth, and iiressed out m a laboratory 
hand-press. 'I'he cake remaining is dried at 
i room temperature under an oleetrie fan for half 
; an hour and then ground in a eofloe mill to a 
! tine powder. I’lie dried pow'der ^ hImiUou with 
; excess of alcohol for from 2 to 3 hours and 
1 the alcoholic layer decanted. The process is 
! repeated four to six times, the alcoholic extracts 
^ adtled together and concentrated at^^ under 
redneck pressure. I'lie re.sidu^is fcalffl^p with 
a small volume of (ither and excess of acetone 
added; the resulting jireeipitato is .rubbed 
logellu'r witli a pestle and si'}iarated, redissolved 
in ether, and the ]>ioee.ss rcjieatial four or live 
times. 'J’he jireeipitatc is then emulsilied with 
water by rubbing it uj) in a mortar, and a little 
sodium I blonde and half its volume of acetone 
ailded ; tb(‘ jireeipitate is filtered oil through 
a liiiely-iicrforMcd tilter-iiujier and re -emulsified 
and repri'cipitaled tbrei^ times. After drying 
by acetone, it is taken u]> with ether, and 
centniuge<l, the process being repeated until a 
precipitate com])letely soluble in ether is 
obtained. The substance is now dis.solved in 
alcohol and any residue allowed to settle ; the 
deoanb'd Inpiid is then 4ilter(‘il and the alcubol 
eva])orated at ,49‘’ under reduced pressure ; the 
residue is dissolved in other and jirecjpitated * 
by acetone, dried by several changes of acetone, 
and finally in racuo over concentrated suljihuric 
acid. • 

The substance commercially* known as 
lecithin IS a mixture of the two ])hoBj)hatides, 
lecitldn and kephalin, in widely varying pro- 
portions according to its method of preparation. 
Partial jmnhcation may be made by extraction 
with alcohol, lecithin being soluble in this 
solvent, and kephalin, the other lipin present, 
insoluble. Ether, unle8.s very carefully purified, 
tends to increase the amount of alcohol-insoluble 
substance present. • 

In preparing lecithin from yolk of egg, 
B(‘rgell (Ber 19()0, 2584) extracted the dflod 
egg with 96 p.e. alcohol, and precipitated the 
mixture with an alcoholic solution of cadmium 
chloride at O'" ; the lecithin eadjplum cliloride 
salt is Biispcnded in alcohol, extracted with, 
ether, and then boiled with ciglit times its 
volume of alcohol (80 p.c.) under a reflux con- 
denser. 'I'he cadmium was^emoved by the addi- 
tion of ammonium carbonate solution to the 
boiling alcoholic sniution. The filtrate was cooled 
to —10'" and the precipitate which separated 
was dissolved in chhjroform, precipitated with 
acetone and drieil in racv6 over sulphuric acid, 
'rho high petcentage of choline found in certain 
(fbmmcrcial product? is probably due to this 
method of preparation, as kephalin, the lipin 
which usually accompanies lecithin, forms a 
cadmium chloride salt soluble in alcohol and 
therefore not precipitated by the above method 
(c/. Lecithin, MacLean, TiOngmana & Co., p. 26), 
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ComlitiUion .. — Lecithin is represented by the 
formula ; , 

(:iL,-OOC-R 

I 

CH— OOCR' 

I Cil, 

CJ1,> -O I ^ 

no n 

o ' I 

on 

whcMV It and Jt' arc falty acids rcsuliK's. 'I’hc 
f?lyeerol forms an cs(cr with 2 molecules of 
fatty acid and Avitli jilmsphone aeid, the laller 
being alsc^coui'hined wdli eliolnu*. Oonsiderable 
discussion lias talo'ii ])laee a\ itli regard to (1) 
the nature of tlio ])ase ; (2) tin' natuie of the 
tatty acids ; and (It) the striietuie of tlu' glyeeio- 
phoHpli^e acid and the nature of its combina- 
tion witfTTiiti ell'll 1 IK'. * 

(1) Strecker (Ann. IS(12, 'M'ui) identilied 
the base of leeitiun as ehoinie ; ttie amount 
proHont in lecithin obtained fimii dilferent 
sources va nes laigi'ly. On less spi'cial means of 
separation an; used, piH'jiarations of lecithin 
contain varying ])io]jort ions of a second hinn, 
kepbahn. Lemthui contains choline as its bast* ; 
in kejihalin the choline is ie[il<ieed by /b’-ainino 
ethyl alcohol (Trier, Zeitscli idiysiol ('hem. 

7r», 4tK); IPlIl, hi;, J; kppler, ihid. 
Iblll, 87, 2113; .MacLean. Ibochem Zeitseh. 
191 : 1 , 57 , 1:12 ; Hioehem. d. 1915,2.51). 

( 2 ) Steari(‘, ])almitic, oh'ic, and hnohe acids 

have all been desciibed as hydrolytic ]iroduels 
of h'cithin. Th(' evpenments have, hovvevei, 
been carrii'd out \vi( li ^npnin' lecithin, and it is 
possible that the kejihalm ])resept is tlu' souice. 
of the steal 1 C and linolic acids and lecithin of the 
palmitic and oleic acids. Tlu' (luestion is not 
liiially settled ((Vaisin, Coiupt rend 1902, tiS ; 
J. I’hariTi. C’hinu 1900, Ivi.j 22.5; Seiano and 
J’alazzi, Choin. Zentr. lilM, ( 11 ] 772; J.,cvene 
and Rolf, d. Biol, tdiein. 1921, 10, RKl, 253; 
Levene and Niinins, ihul. 18, 185) * 

(3) The glycerophos])lu)rie acid. Either the 
jiriiuary or secondary alcohol giouj) of the 
glycerol might be esti-rified with the ]iho8phoric 
acid, but only the ester of th(‘ secondary alcohol 
group would show optical activity. HaiUy 
(Comjit. rend. 1915, 100, 295) claim.s to have 
isolated both forms glyceroj)}ios])horic acid 
from loeithiu. 'I'lie choline is reganled as com- 
biffiug with the glyeerojilios’dioric acid thiough 
its alcoholic hydroxyl, an estei-liho eom[)ound 
being obtained (iStreclo'r, l.c. ; (.bison, Zeitsch. 
physiol, (dieivi. 1S8S, 585). 

l^ropcrtiin . — Lecithin is a yellowish waxy 
hygroscopic substance ; soluble in almost all 
organic solvents except acetone and methyl 
acetate. Acetone }veci])itatVs it frym aleohohe 
solution, esjieeially in the jiresenee of a .small 
amount of sodium chloride, ^.^eeithin combines 
with both acids and bases; it form.s well- 
characterised addition eompound.s with cadmium, 
iiiercurie, and platinie chlondcvS. It forms com- 
pounds with ])roteins, and with (i^rbohydrates, 
though it seems probable* that the latter afb 
not chemical entities but adsorption complexes. 
It is dextrorotatory ; heated in a sealed tube 
at KX)'' for some time it becomes inactive. 
The laevo-fomi is loft unaltered on treating the 
racemic form with lipase (Mayer, Biochem. 


j Zeitsch. loot), 1, Hi ; 1908, 8, 199). Lecithin 
I is readily oxidised, and on standing in air 
! becomes insoluble both in alcohol and in ether ; 
the unsaturated fatty acids jjrescnt are probably 
converted into hydroxylated derivatives, but 
' other changes also take place. It should, 
therefore, be preserved in rucw and in the dark. 
T'he presence of non salts and the impurities 
present in commercial ether both catalyse the 
oxidation. Jbonimc aiXl iodine are readily 
absorbed by the uiioxidised substance (Riedel, 
D. R. r. 1501 10, J. 55029). 

Tiiol<)(/iral ]nofierti( ff. — Lecithin "has been 
dc.seriheil as jihiymg an imjiortant part in the 
])henonu‘na of imimimty. Jt is ^irohalile, liow- 
ever, that the gieat variety <tf the results 
obtained is due to thebmpnntu'S accompanying 
, the lecithin used 111 this work, and it is extremely 
douhtfiil whether pure leeithm has any antigeiue 
fiiiHtioii. .Mo.st of the woik I'airii'd out on tlie 
iuologieal action of ieeithui has been done with 
im])ure material and is thi'i’ctore of litth' value. 
It IS said to act as a. stimulating agent for 
growth (l)esgTcx ,ind Zaky, Compt, rend. 1902, 
1100 , 1.522; Hatai, Am. .1. Physiol. 1904, 57). 
According to Ovi'iton (Studii'n uher die Narkose. 
1901, .Jena) the lipm eell-inembrane jilays an 
important pait 111 ri'gulatjug the exchange of 
substances between the cells of the aiinnal 
organism and thi' siiriounding nu'diiim. Verm n 
(Hioehem. Zeitsch. J912, 47, 274 ; 1912, 51, 1 ; 
1914, 00, 202) has slioAvn that lijniis play an 
iii»2“^'''bint ]>art m the ai'tioii of the cell oxidases, 
till’ latter being rapidly ih'stroyed by lii.st 
treating the cells with iirtain eoneentrations 
of organic sohi'iits. Prom the extent and 
iiaturi' of their distribution it is ci'rtain that the 
fiinetion of lecithin in the organism is one of 
primary ]m])oitanee, but at [uesent we do not 
know w'hat it is. 1, 8. M, 

LECITHINASE r. Snaki: venom. 
LEpiTANNIC ACID, LEDUM CAMPHOR 
V. Ledi’ai rAEU.STKK (Linu ). 

I LEDUM PALUSTRE (Lnm.). Marsh ka; 

Wtid loscmnry. fjvdon (Kr.); Pitrsch, Sirmpf- 
I porsi (tier.) ; a shrub (N.O. Enraaa-), some 
; 2 feet in height, inhabiting marshes throughout 
the lutrtheru hemisphere. 'I’he leaves possess 
iK-rid narcotic proj^'rties, and w'cre formerly 
made use .of 111 medieme. *.A strong di'coction 
, is now sometimes applied in veterinary practice 
; to deftioy cutaneous jiarasitcs, and it is also 
. em])loyed to kill vermin in furniture. The 
! plant has also been employed as a substitute 
for lmp.s (Pehmidt, Pharma/.. Chemie, JOll, [ii.] 

' 2, 1857). I’lic volaidc oil obiaiued by distillmg 
the leaves with water was examined by Willigk 
(l^jt/ungsber. Wien. 9, 305) and Frohde (J. 

1 801 , 092). Yield, 0’4'~1 p.c. ; 0’932-0-963 ; 

reddish, * v iscid. At contains acfJic, butyric, 
valeric acids, a tcr]}en-e L10H19, boiling at 100°, 
ail orygermted oil C'iqHjjO, p erhaps ericinol, 
boiling at 240°-242°, and a camplfbr. 

Ledum camphor Cir^HogO, was examined in 
' i79(i by Rauclifuss (.1. IMiarm. 3, 1 and 189) and 
: later by others, including Hjelt and Collan (Ber. 
i 1882, 15, 2501). The camphor crystallises out 
I abundantly when the volatile oil is placed in a 
I freezing mixture, and may be separated and 
purified by recrystalh’sation from alcohol. It 
I sublimes readily in needles, which melt at 104®- 



legumin. 

♦ 

J I -1 009-5 T1 i 9 solution in i from alkaline fioluti<u\s by dilute noids nnd by 

05^ and boil at 282 .J i rennet. Earlier invest.gaioi-s thought that, 

ulphuric acid IS coloure anhydride at 1 phosphorus was an essimtial ohnneut. Sp.gr 

„tm' ac.rt .H™*-’'! : 1-2K5^ (l)lUmar): Kpooilic rolut.on nf 

- "• 

„t tl,. “".Ktn ,,.,.....0 

crenu'raily in erieaeeoiis maeenitod with about eight tunes tlieir ueiglit 
^mi.ound xvtmU o( < ^ , , . r u ii„uid decanted 


)lants (Kawalier, thtd. 0, 2!i7 ; Thai, -I. 188.1, 

1 402)* It IS an intenselv bitter, yellowish -brown, 
;tieky resm (r. lOurrou v). lly the action of dilute 
u-ids it breaks up into glucose and rrirtnol, 
IL. <) (V). The latb'i- compound is also a 
on' duet of the act mn of dilute acids on ])ii.ipierin, 
L glneoside occurring in* the needh's (*! th(‘ lir 
iiul other conifers (Ivawaln'r, SitznngsiM'r. 
Wien. 1 1 , 800 , 1 8, .71 Kneinol is a eoloiirlcsa 
oil M'hen lirst obtained, but it soon ovidisesjind 
turns brown wlnm e.\])osefl to the air. ^ 

Lrditannir ar>d (',.,lEn<)s ('0 e.xainmed 


inaeeraicu witu aooui- ^ 

t)f cold water for 0 hours, tlio liijiud deeanted 
and strained, and the residue aguiii macerated 
with watcM-. In .some easi's, notably with bean^ 
and lupin.s, the .solution is acid, and in such 
eases it is desiiable to add to the^waU'v used m 
extiMcting the seed siillieient iiotassium hydrox- 
ide t.» nmder the mixture imy leehly allailme 
othm-wi.se much le.ss proteid will be (‘Xtraeted 
from the .seed. The strained extract is allowed 
to settk' bn some time at a I^w^rtffpratiire, 
4^ and when clear, or maitly so, decanted and 
precipitated with dilute a<-etie acid (1 ; 8), lubling 


l r/htniit),r and (' II. (''' uas examined preeipuai.ed wMiiunun .... ..v - 

by \\blledv (Sit'/inigsbm. Wieii. !», 802), Eoelileder only just siillicieiit acid to '‘'’"'i; 

LEEK. Mhnu) Potrnm (Lmn.). Th(' Welsh , is then iiirtlier washed and cxti.ieti <i ^ 


national plant. 'I'lie tasti* and odour are 
to the presence of allyl sulphide (t .illr,)'.*^* 
Koiiig gives the follow mg .uialyses : - 


due 


Hoot .ami lull I ) 

Jvcav('s , 


Oilier org'inic 
Pro N -lice (’mile wil- 

Watertein K.d. Siiu.ir sffl>st nine Aalii»hur 


0 ,1 

i) I 


II t 
() H 


IS men lun ner woimh w .m., > - 

aleoliol, strong alcohol, and with ether ; then 
pressed, again washed with alcohol, and dried in 

a va< mini o\ei od ot \ itriol. 

It tlx* product IS still impure it may bo pun- 
lied by di.ssohing it in the cold in a very dilute 
\alii»lnir 1 solution of potassinm by<b’oxidc (OT- 0 - P 
‘ ^<‘<1 I and. after deeant.ing from any insoluble niattei, 

eH eon i 4.,4..w, ...di, .lOni,' ncctic acid. 


ddii* following shows thi' composition of the 


ash ; 

Per eeiit of 
ash 111 dry ° 

sinistanecjtij 
Hoot and hiiUi 0 3 30 




^ /j 

7 (1 10 7 7 1' 


Leaves , 


. H g 40 7 0 0 1 


3 3 I 
3 0 0 


; reprei i])itating with tlilu4i‘ acetic acid. 

Coiiglutin was obtained in a siinilar niannti 
from .sweet anti bitter almonds and from lupins. 
It contains latlier moiv nitrogen, is more glu- 
tinous, and more soluble iii acetic %eid than 
legumiii. besides Ixmig coiniiletily soluble lu 
dilute salt solution. Also, its ciTinjioiind with 
(opper oxide (Idlers a little from the ii-gurnm 

eopix»-o-xid<‘ (•ompound. 

(iluteii-easein was jiri'pared from the Hcetl.s 
(\i (nannudCi ff’ m a wvy similar way. 

Uittliaiisen fornu'd eornjioundH of jdant f‘a,sein 
with eopjier oxide by dissolving the finely pow- 


:i 7 4 t 0 0 7 0 4 J 

11. J. ; 

LEGUMIN. VcifcUihlr vnseiniPhavoJui). 'I'he 1 
distinotivo pwteiii of tlu'sc'cds of the Lrfjitminosa'y : 
found also in some other seeds; it closely re- j 
sembles in composition and in .some of 1 

os,,..,.iallv 1 v'.t'r' JlnVan n.u. h «u.»Uc putash a. i» ueo^^ry 
the . "e ..f d.lute alkal,»-cau.s,. alter, .tV, ns O -l-glg F" '1’'*;' A 

the proUnns of plants, and hence a good deal of j the whole ^ 

confusion has arisen both as regards the nature | solution ^ ' llccted and washed 

and the names of the various proteins. j acid, anilM.he preiupitate ^ Xet^^a or 

Leguinm was discovered by Einliof in 180.5, ! with water Id! it cea.scs to giv(^ a Kiuti 
and has been investigated by Proust, Vogel, | sulphates. mves a nreeipitaW 

Boullay, Braconnot, Liebig, Dumas, and Cahoi^’R, I Jjegumin thus . i, c of ChiO, and 

and others, and especially by Hitthausen, and containing from ‘ i *'*1,0 fPatmemt. 
later by T. li. Osbolno and hft fellowVorkera. 1 I''’''*;'-" " 

Rittlmusen divided plant casein into legn- i ( onglutm ‘ ^ i . compound ron- 

min, conglutin^nl gluten-easein. which differ a ! by the treatment and y.ei s a comp, 
little from eiifm other in their eonipo.sition and i taming about 1 > p. • , . 

in a few of their properties, d’he lirst and * t:bd.(m-caHeni is but slight! 
third he considered albuminates, and the 
second a plant globulin 

These three forms ,of plant casein aro^ 
according to Ritthansen, only slightly soluble in 
water, but easily soluble in dduto alkaline 


tn-atment : i-nt it» .mpper oxide c.iapound is 
.stniewhat soluble m*w liter, and contains about 

The legumin obtained from several sources 
bv Ritthausen was found by him to be partially 
A . . 1 1 .i. . Vnif, there was 


water, but easily soluble "in dilute J, of ^ but there was 

solutions, in solutions of alkaline reacting salts, soluble in dilute ^ between 

and in very dilute acids. They are precipitated ' little or no differenee m composition hetwee 



no 


LEGUMIN. 


the soluble and insoluble portions. The com- 
position of legurnin and its allies, as given b^ 
Kitthausen, varies somewhat according to their 
source. There is no doubt that the use of 
alkalis in the extraction of the proteins, and also 
their subsequent precapitation by an acid, led 
to alterations in composition and properties in 
the proteins which has led to confusion and some 
errouQouH results. 

To B. Osborne, of tiie ( Connecticut Agrnuil- j 
tural Experiment .Station, and ins fellow-workers, 
notably 0. T. Campbell, .S. II. f'lajip, IC J>. | 
Oilbcrt, I. F. Hams, F. \V. Ileyl. and ('. (}. ' 
Voorhees, wo are iiKlebte<i for nujre exact j 
knowledge of the cf)mp(jHitioii and nature of ) 
legumin and othim vegetable ])roteinH. ( )sborne’H J 


• 

conglutin by Ritthausen, obtained from almond 
and peach kernels, has been shown by Osborne 
to bo different in some of its characters from 
legumin, and he has restored to it the name 
amandirif fir.st given to it by Proust in 1802. 

The name conglutin Osborne retains for the 
protein of lupins. 

The percentage composition of some of the 
typical and purest preparations is as follows : — 


I Legumin troai 
, PCU.S pca.s j 

and and 

beans vetches. 
lUtt- Os- 
hausen borne 


Conglutin or 
I amandin from 
almonds 
JUU- Os- 
hausen l)oriie 


CoDglutli from 
lupins, 
im- Os- 
hausen borne 


researches began about the year IHhl, and will be i 51 .r, 50 1 bO- 1 r>l*3 bO'S bl-O 
found, for the most part, recorded in the . I onrnaJ i iq 7.p 70 pp (;.p p p p.p 

of the American Chemical Society and the | jnj" J7.1 |j^.| jp.;^ 

A meri('iiWi;> ’irnal of Physiology from fh it dnt(> 1 c; p.4 0.4 p.q 0.4 p.p p.j 

onwards. A snnVfuary of thci results is given m j /' 24-0 22-.‘> 2.‘P7 22‘0 2IVd 23-7 

'I'he Vegetable Proteins, bv Thos. IC Osborne, 

1900, in which is a valnahh' hildiography of tlie ■ ■ - 

Huhp'ct. (Trlohuliiis have been found in wMliiuts, liazel- 


Osborne has sliown that legumin and its ' nuts, eaiidlc-nuts (Alniriitf^ inlobo [Porst,]), 
eongi'iiers an' I rni' globulins ; he obtains legumin | para-nuts {BcrihollcUu), castor-oi] Ix'ans. cherry 
(and similar proti'ins) wothouf. thi' aid of alkalis. 1 kernels, jilum and a]iricot Ivortiels, earth nuts 
'L’he finely ground nuiP'rial, peas or vetches, is j {Arachu hu]>og(V(i j Linn.]), hem}) seed, eotti ii 
extracted with ])etrol('uru naphtha to remove i seed, eoeonuts, sunflower seeds, and several 


oil and treated with a strong solution (10 -20 }).e.) 
of eoinmon salt. After lilternig the li(|unl is 
treated with ammonnini snlpiiate, the n'snlling 
precipitate redissolved in 10 ji.c. sodium chlondo 
solution, and the lipuul dialysed fria* from 
chlorides wlien the proti'in Hcjiarates in spheroids. 
It IS washed with water and alcohol and dried 
over sulphurie iieul. 


oilu'i seeds. 

Ritthausen obtained the following jiereent- 
agos of legurnin from different seeds : — Freneli 
beaus 11 p.e., peas 5-4 9-4 }) . ., liorsi' beans 
lo'p.c., MazagiWi beans 18-7 }) e., and lentils 
5-2 p.e. kVoin sweet almonds he obtained 1 5 p.c. 
of conglutin, and from liqnns 20 }).c. 

The whole of the nitrogenous matter of these 


Legumin thus ]n’e])aro(l IS itiso'luble in water ;! seeds is not in tlie form of Jeguniin ; oilier 
when freshly ]ire})ared and not dried it is ! })roteinH an* jiresent. Tlius lield beans contain 
readily soluble in a 10 ]),c. solution of .sodniin j about 23 jee,, and lentils 20 ji.c. of nitrogenous 
chloride. After washing with alcohol and 1 mattiw. « *■ 


drying it beot.mes less SDluhle. A solution in 
10 p.c. sodium chlondo is not precipitated by 
saturating the solutimi with magnesium siiijihato 
or with sodium ehlunde ,• nor by sodium sul- 
})hat<' at tin* ordinary tem}jerutur(', but is jire- 
cipitatod at 34”, .Saturation with ammonium 
sulphate at common temjieratun.s eoiu})letely 
precipitates it. In a salt solution, legumin is 
})roei})itated by }iienc, tannic, hydroehlorie, 
nitric, sulphuric, or acetic acids, but not by 
mercuric chloride. 1\ is readily soluble in 
dilK:t.e alkalis and alkahno carbonates. 

Hammarsten (Zeitsch. physiol. (Ihom. 1918, 
102, 8r)) regards the leguinin of Osborne 
(u-legurniu) which is soluble 111 dilute -salt solu- 
tions as diffoVent from the insoluble legumin 
of Ritthausen (ft-lcgumin) which appears to 
be an acid rnota- protein. « Legumin forms a 

compound with acid whieli. however, is not j 
f>-legumin, because The lattc'r swells in water, 
giving a viscid non-filterabl(\^olution, whereas j 
the acid compound of a -legumin does not swell | 
in water, but gives a limpid milky emulsion which I 
filters rapidly, yielding an o})ale8cent filtrate, i 
There are otlier differences which indicate that ' 
/>-logumm is not formed by the action of acii, ’ 
alkali or water, but is a distinct protein. 

The monoanimo-noids from legumin have 
been studied by Abderhaldeii and Barkin 
(Zeitsch. physiol, rhem. 1900, 47, 3r>4). 

The protein descrilied under the name of ^ 


'I’he jirodiicts of (}io hydrolysis of legumin 
I witli aiyd and alkalis are f-hose of the jirofeins 
generally, the nitrogi'U Ixung found as ammonia, 
arginine, and other bases, .glycine, alanine, 
leucine, tyrosine, jihenylalanine, aspartic acid, 
glutamic acid, and other amino acids and 
tryjitophan. Osborne and Harris found, on 
deoonqiosuig with strong hydrochloric acid, 
that of the total niti^gori 9'3 p.e. was obtained 
as ammonifi, 28*4 p.c. as bajic nitrogen, mainly 
in the forms of arginine, histidine, and lysine, 
and ()h'4 }).c. as non -basic nitrogen. 

In (’hina and Ja]5an a kind of vegetable 
cheese, known in the latter country as fo/w, is 
made from the seed of the Soy bean {(ilyoine 
hlspida 1 Maxim.]). This leguminous seed con- 
tain.s about 37-40 p.c, of nitrogenous matter, 
ai}fl about 20 p.c. of fat, being a very concen- 
trated food. Its globulin (giycinin) is very like 
legumin \rom peaft, but contains rather more 
8ul}3hur (0*8 p.c.) and rather less nitrogen 
(17-r> p.c.). %v 

The cheese is made by soakiii^^thc beans in 
water, pounding them, and straining through a 
sieve, which removes most of the starch, boiling 
the residue wdtb water, and straining the solution 
I through cotton-cloth and pressing the residue, 
j The strained liquor, containing the nitrogenous 
I matter (legumin, &c.) and fat. is precipitated by 
the addition of the brine formed on the deli- 
quescence of common sea salt ; the precipitate 



LEONITE. 


pressed and cut into cakes is ordinary tofu. It 
contains about 89 p.c. of water, the dry matter 
beinp; nearly two-thirds nitrogenous matter and 
ono-third fat, with small quantities of carbo- 
hydrates and ash. A drier product is obtained 
by freezing those cakes of cheese, and then 
tha-wing by exposure to the .sun. On thawing, a 
large quantity of water runs olT, leaving a spongy, 
somewhat hornjr residue, known as lori-dofu. 

Analyses of these products gave the following 
results 


• 

1 Fresh 

i Fiozen tofu 

J)rj matter 
front frozen 


‘ tofu 

lorkori-dofu 

i 

tofu 

VVatiT . 

: 89-0 

i. 18-8 


Ash 

0-5 

• 1-0 

2-0 

Fat 

3 2 

28-8 

354 

Ndrodcnoiis ( 

nnitler ( 

0-5 

'18 8 

(>()-], 

Carbohydrates 

0-8 

1 2-0 

2-5 * 


1 100-0 

100-0 

100-0 


K. K. 

LEHRBACHITE ?i. Set.umdm. 

LEIPSIC YELLOW. Ni»tnol had chrowatc 
{ v . (Ihromkim). 

LEITHNER'S BLUE, ( ohah Jdvr [r ?ia- 

MKNTS). 

LEMNIAN EARTH, T<na hmnia. or ^yhra- 
Ijidite. A red, yellow, or grey earthy substance, 
somewhat resembling fuller’s-oarth, and con- 
sisting of a hyflratcd aluminium silicate, with 
mure or less iron. Dana places it under the clay 
mineral cimolite ( 2 A!,j 03 bSiOg'blLO). It takes 
its name from its oeimiTonce at Lemnos, an 
island in the Grecian. Arehipedago, where, in 
eon.sequei^cc of its reputed medicinal virtues, it 
was formerly rof^ardeiJ as sacred. Tin' earth 
was dug only once a year, with much ceremony, 
and, after mixture with goat’s blood, wa»inade 
into HTiiall cakes or halls, whicli wrre stamped 
w’ith a seal by the pri('st«, wLenee it was termi'd 
hrra 

Lemnian reddh' {Uuhnea Icmvia) was a red 
oelircous earth used as a colouring material. 

L. J. 8. 

LEMON. '('he fruit* of (htrw-j medtea 
(Linn.) \C. hmoninn'}^ There are many varieties, 
Konig gives as the average of 33 analyses - 
Mc.an weight The fruit consists of 

of a fruit Skin Flesh Seeds 

153 grammes 38-5 59-2 2 3 

'rhe fruit contains — 

Invert t'itric Nlirogenous 
Water sugar acid matter Ash 

82-h 0-4 54 0-7 Oh . 

Tiie juice contains— ^ • 

Total Invert Cane Citric Mltrogenous 

extract sugar sugar acid matter Ash 

1044 142 ^0'52 5*83 0*32 0-20 

I'he rind of Italian lemons contains — 

Water Nitrogen Essential oil Ash 
70-38 0 23 1-01 0-62 


The ash of lemons (whole fruit) contains — 


0^0® 
C4 cs m CO 

W ^ 

43-2 2-7 30-2 5-1 


^ i ® o’ .9 r- 

iS S fti CO no O 

0-0 04 13-6 3-1 0 7 0-6 


111 


Boric acid, to the extent of 6 milUgrammeg 
per litre, has been detected in lemon juice (Hebe- 
brand, 1902). Lemhns are largely used, both in 
the form of fruit and also for the preparation of 
citric acid {q.v.) and essence of lemon {q.v.). 
Lemon juice, both in its raw and concontratecl 
(5 to 7 times) state, is also an important com- 
! inercial product. According to the British 
1 Bharmaeopaiia lennm jince should have a sp.gr. 

I ot 1*030 to I *0 !0 and 2() inillilitres should require 
for neutralisation not less than 20 and not 
' more (ban 25-7 millilitres of N/1 solution of 
Hodiiim hydroxide, corrcsjioiifling to a proportion 
of not less than 7 and not more than 9 grammes 
of citric acid in 1 00 millilitres. 'The jesidue on 
eva})oration dried at JlO' should ;^eld not more 
Ilian 3 p c. of ash. H. 1. 

LEMON-GRASS OIL v. Verhana, art. Oils, 
Essential. 

LEMON, OIL OF, r. Oils, Ks 8 iai»rf 

LEMON YELLOW r. Bari Off chromate and 
(Ihromium. 

LENICET. 'I'rade name for basic aluminium 
acetate. 

LENTILS. 'I’lie seeds of Acr/.'i mcuUnta 
(Moeneh.) [ En win /ra,s'|. 'I'hose are small in size 
and arc largi'Jy used as human food. They arc 
very niitrii ions, hut iinh ss thoroughly cooked are 
difhcult of digestion. 

'I’lK-rt* are many varieties, diiTeving eonsider- 
ahly in size and also in composition. 

Bulland (Compt. rend. 1897, 125, 119) found 
tlui f()ll(»wing range of variation in eonqiosi- 
tion : — 


Weight of 
100 R(-(h1b 


tu 

N-freo 

Cmclo 


gram 11108 

Water Prot-oin 

extract 

fibre 

Aah 

2*5 

11-7 . 20-3 

0-0 

50-] 

3-0 

2-0 

to 0 0 

13-5 21-2 

1-5 

02-4 

3-0 

2-7 

Chiiri 

*}i (Food L rains of 

India, 

i880 

and 


1891) gives analyses of husked and whole 
lentils— * * •» 

N-froo Crude 

Water Protein Fat extract fibre Ash 
Hiiskefl .11-8 25-1 1-3 584 1-2 2*2 

Unhusked . 11-7 24*9 J -5 5(i-0 3-() 2-3 


Konig quotes as an analysis of the ash—- 


Per cent, of 
asii in dry 
siitistance 
2-07 


14 

34-8 



^ o 

2-0 30 3 4-0 


Lentils thrive in tem^ierate climates, and 
host on a dry calcareous soil ; their leaves atid 
stems, wlien cut. in the early stages of growth, 
furnish nutritious food for I'attlo and yield a 
hay whichiis excellent for dairy cows. H. 1. 

LENTIN. 'I’rade name for %-j)lienyleno- 
diamino hydrochloi ide. 

LENTISCUS or LENTISK. The leaves of 
Pisincia lenti'<cm (Linn.), a small shrub grow- 
ing wild in 'I’unis. ( lontaiiB from 10 to 12 p.c. 
of tannin and are used in admixture with 
sumach, the drie^ leaves of Jihun coriaria 
(Linn.), in tanning. For methods of detecting 
and estimating lentisous in siiinach, v. Scarlata 
(J. Roc. (!hem. Ind. 1900, 779). 

9 LEONlTEf Kalihluedito, or Kaliastrakanite. 
A double salt K2804’Mg804,4H20, crystallised 
in the inonoclinic system and corresponding 
with hloedito (Ka.2S04*Mg804,4H20), It occurs 
usually m the massive form, but occasionally as 
tabular crystals, associated with kainite in the 
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PrufiHian Malt dopositB at Wilhelnishall, Wester- 
egeln, and IiO(){)()ldshall. 'I'bo artificial aalt, 
known an kaliastrakanitc, was known ])revi()usly 
to tho diHcovcry of the natural mineral in 

L. .T. S. 

LEPIDINE V'. Quin OT.INE 

LEPIDOLITE I '. Lithium, also Mk a. 

LEPTANDRA. ('vJirr'.s lioot. 1'hc rhizome 
and rootlets of IV/o/oru {L< jtlandta) rinjtnira 
(Linn.) contain a rehin Icptandri n. It is used 
as a cathartic in biliousness or constijiation. 
LEPTOCHLORITE 1. TflUKINClTK. 

LEPTOSPERMOL. A |>}t(Mir)jic substance 
found in tho ('ssontial od oblaincfl from Ihe 
leaves apd terminal branches ol Jji pUtspo mum 
JUtwf<renti. A colourless viscous b<iuid, of a 
jileasant odour, givin;' wilh b'rric ehlmide in 
alcoholic solution a hnlliant oran!r(‘-rcd (oIotji 
tion and an intmisi' Jilue wdh copper sall'^. 
It.p. ^ -M()‘7l0 mm ; 27.')‘'-27S /7ii;0 mm. 

1-50. Possdily idmitu al with 
tasmanol found in certain mnalvptus oils 
(Penfold, Perf. Ess. Oil. Kcc. 1!)2I, 12, .Tfii). 

LEPTYNOL. 'I'radc name for lelloidal 
palladons hydroxide in sesame oil. 

LETHAL f‘ec Spot tnacefi, art. Waxes. 

• LETTUCE. f^nmola (lann.) and 

other species. Sevcial varieties ai(‘ kiiow'ii. 
The leaves are eaten as a salad 

Kouig gives as the avciagi* eom})osition ol 
the usual s])ecieM 

Nitro^eiions X-tu'c Crude Oriiaiiu* 

Water siihstaneos Fat evlr.ict llhre Ash .suliilmr 
94'S 14 ()•;{ 2 2 0 7 10 OUJ 

'ITie ash I’ontains 

KjO AiUoO CaO IXAV, SOj Si(»„ Cl 

37-« 7 5 14-7 le2 5:1 <h2 :PS S-T 7 0 

d'he juice contains potassium hydrogen 
citrate. " 

All leUuees ,posse''S slight' na'xotu' pro])er- 
ties, and tlVe milky iiiiee ol certain sjX'eies, 
esjiocially L. riroMi (J/inii.), vhen evajiorated, 
yields a brown, visi id residue vhieh hts been 
used in inedieine undei tlie iiaiiH* “ lactu- 
carium ” (i/./'.). H. L 

LETTUCE OPIUM i' LAcrm’MmiM 

LEUCACENE (;an - diae(‘na])h1h\ Icne - iho- 
dacone), a hydrocarbon formed when acenaph- 
thene is distilled through a red-liot tube Poims 
colourless platelets t,U‘ silky msMiles, m p 250 '; 
crystallises from bmizene as ! 

When heated at 175' under reduced jiressure it 
decomposes into acenaphthylene and rhodacene. 
Becomes jiink on exjiosuie to air, anti yields 
naphthoic acid on oxidation w it h elftomii acid 
(Dziew'onski, Ber. 1020, 5.‘1 iB], 217.’}}. 

LEUCANILINE r. 'rKienENYLMETHANE OO- 

LOnUING MATTERS. 

LEUCINE. 'Phi; name h untu, suitably jire- 
fixed, is given to the four following immoamnio- 
caproic acids : — 

1. l-Ltnicim {a-(iftwu)-y-7iifthi/Jva](’n‘c acid) 

(CH3)ATLrH3-(dI(NIl‘)(X).,lL 

2. d‘i 80 -Lcncinr {a-nnii no- thyhah nc arid) 

CHaCIf2-('H((Tl3)EH(NH.;KH>Jl. , 

3. n-ljcucvnc {a-nmiiw-n-hcxotc acid) 

rH3((Tl2l3(-JI(NH3)(H)3H. 

4. €-rA‘iic{rir {c-nmino-n-hcxoic acid) 

ll2NLH3[('H3l4C02H. 


I With the exception of the last tliey all occur 
among the degradation jiroduuts of a great 
many of the jiroteins. 

/-Leucine, Ci-amino-y-meilnjlrnlcric acid 

(('Mj),Lll (T].y('H(NH3)a)dr 
is, next to arginine, tlie most widespread of tlie 
[ ammo acids that oeeui in proteins. It was dis- 
I covered by I'roust (Aim. ( 'iiiin. 1818, [li.] 10, 
i 40) 111 (leeayiiig ehee.se and called “ uxide- 
i ea.scux ' ; Biaeoiinot {ihid. 1820 [ii.], 13, 19) 
isolated it from the products of the acid bydro- 
I lysis of meat, anti nametl it Jcueiiie (A6u;:t(ls) 
because of the glisteuiug white erystifls it forms, 
j Mulder (.1. pr. ('hem. 1830, 10, 200) established 
the idtmiily of the two suhstanees and also 
I ohtamed it liy boiling meat witli alkali and by 
j tlu' ]iu(refaeliou of casein. 

I Jj(mem(‘ oceui.s in the fn-e state in many of 
i the organs of the aiuuiul liody, in tlie tissues of 
1 tlie«'uiig (( 'loetta, Auu.ileii, 1851, !)2, 280), m the 
iMiyiiinid and thvroid glands and tlie jianeroas 
I (tloiup-Pesancz, AunaJen. LS5(), 08, 7 ; Radziew- 
I sky, Zmtseh. ('hem. ISbO. 1I0)> fl'*-’ briuii 

i (Muller, Aiinaleii, 1857. 103, 131); it is found 
I 111 the livei and urine under certain pathological 
I conditions (Krciieh and Stadelei, J. 1854, ()78 ; 
j 185I>, 7o2 : 1858, 550; Salkovsky, d. 'riner- 
chem. 1880, 457; Valentium-. J. 1854, 075 ; 
Sotiiit.sc hwski, Zeitsch. iihysiol (.'hem, 1870, 3 
301); in th(‘ blood ( •\bd(‘ihald('u. /(utsch. 
phvsiol. ('hem. J0I.5, 88, 178; Jappich, ibid. 
1011, 0(k 121). beuciiic ofems in the jiupa^ ol 
htiltmllii's (Sciiwarzenbaeh, .1. 1857, 538), in 
spuleis and in eiaylish, aiui also m the typhus 
haeillus, Tiiinura (Zeitsch. ]iliysiol ('hem. J0I4, 
80, 280). Ill the vegetable kingiiom leucine 
has been found in the juice of et iolated veteli 
seedlings (( lorup-lk-sanez, Ber. 1874, 7, 140; 
('ossa, (Jazz, ehim, ital. 1870, 0, 314), also in tho 
young gnuMt plants (Se!iu]z(\ ijandw* Vi'rsuelis. 
Stat 1805, 4(), 383) : in jiotai.oes (Seliulzo and 
Barhii'n, ibid. 21, I(i7); in young ])umpkin 
])lant4 (Sehiilze and Harhieri, Ber. 1878, 11, 
12.33) ; in fungi (Wmterstem, Zeitsch jihysiol. 
Chem. 1800,20,438); in tJie podol the broad 
Itoan ( liouKjuelot and Herissey, J.dMiarm. (Oiim, 
1808, |vi. I 8, 385); and in beet juice (Erlich, 
Zeit. Vei. dent. Ziukerind. 1903, 571, 800). 

/-Leuemo erystjjjlises in ghstemiig^ white 
leaves, melts at 280'' wlien rajiidly heated ('Trans, 
(luinness lies. Lab, 1003, f. 57), and has sp.gr. 
L203, m ab.solulo alcohol at JH'' (Engel and 
\Tlmain, Bull. Noe. ehim. 1 874, [n-l 22, 270). It 
dissolves m 40 jiarts of water at 18" (Schulze, 
Zeitsch. physiol. (!liem. 1884, 0, 254); in 1040 
Jiarts of cold alcohol (00 p.c.) or in 800 parts of 
hot alcohol (98 p.c.) (Zollikofi’er, Annalen, 1852, 
82, 17(i) ; m 10*0 parts of glacial acetic acid at 
IV)" or 20-32 parts at 117" (Hahermann and 
Ehrenfuld, Zeitsi^h. physiol, ('hem. 1902, 37, 
18). The molecular heat of combustion is 
854*0 Cal., ami the lieat of formation 158 ‘4 
Cal, (Berthelot and Andr6, C^'.^^jt. rend. 1890, 
110, 884). Natural leucine or /-leucine is Isevo* 
rotatory in aqueous and dextrorotatory in aCid 
or alkali solution (Lewkowitscli, Ber. 1884, 17, 
1439), and has [alp+lS O" in liydrochloric acid 
solution (Ehrlich ami Wendel, Bioehein. Zeitsch. 
1908, 8, 399) ; it remains unchanged on boiling 
with concentrated hydrochloric acid (Abder- 
halden and Wnrm (Zeitsch. physioj. Chem 1912, 
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J2, lt)7) ; when heated with barium hydroxide 
olution at 150 -1 1)0“ for three days it is racc- 
nised, and the inacti\e leucine can bo resolved 
)y the aetioii of FnivuUium f/7a?/r«w, yioldinfi; 
f-leueine, the rotation of wliicli is equal m 
nagmtu(le and ojjjjosite in direction to that of 
he hevo isoniendc (Schulze and liosshard, 
^citsch. physiol, (diem. 188(5, 10, 140). /SVe 
■(ehneider and Hurli'r ((dicin. Zcnlr 1014. 1, 
K)l) for its germicidal elTccts, especially against 
;he typhus bacillus. 

Tlu^ constitution of leucine as rt-aimno-y- 
nethylvaleric acid was fir^t established by 
■ichui'/c and Likiermk (Hci. IHOI, 24, (>(>0), who 
ihowcd that the a-<iniinoi.s‘obuty]a(“etic 

icid (a-ammo-y-mcthylvah'nc acid) ]»repared by 
dufner (J. iir. ( dicm i 870*1 n.] i,(i) by the action 
)f ammonia and hvdrogmi cvani<]i' on cso- 
, .ileraldeliydc, was identical with th(' inactiv(> 
ouciiic obtaiiK'd by heating natural / leucine 
,vith barium hydro\ide. d'la two comjiouTids, 
lave- the same solubiht\ in watei, I part in 105 
it 13" ; yii'hl tin same d han me wdien used as a 
nilturi' medium for hiiu'ilhuni <il<intiini, and 
pve the same Iciu ic acid (hvdro\\ eajiroic and), 
11 .]). 5t-.“)' on ticatmcnt with nitrous acid. 

f'dirther synthesi's of /dt'uciiu' aie di'sciibcd 
liy (1) Krlenmeyi r and Knnhn (Annaleii, lOOl, 
Uti, 1 15), who obtained the anhvdnde 

X 

((4I,).('H (41 ( crii 

II 

('0 - 0 • 
if a-benzoyIamino-/:J-/sf>pro]iylacryiie acid by 
•(jiidi'iising bi|)))uiic acid and /■'o))ut_\ raldehydc 
n the jjie^eiice of aiidie anhydnde; tbe coni'- 
qioriding acid ((44 ('(_)l*h)('(>.^ll 

^dien lieated witli ('xce.ss of anitnonia .solution at 
lot)" 170" IS bedroll sed, yielding rdiau ini', iso- 
caleiie, an*l lienzaic acids. (2) Houieault and 
Locijuin (liull kSoc. chim. 15104, jiiij 31, 1180) 
Toin ('thy] a-oximitKu.s'ohexoate ^ 

((4f,),(41-C4I.y(‘(X()Jl)(4)^El 

ibtamed by the action of mtro.>.yl .sulphate on 
•tliyl /s'obutyhfcetoacctate ; tins on reduction 
pclded ethyl a-amiiimsoliexoate 

((4I,).,(4fl41,,-(41(NIK)(!OJ':t 
Toni which by hydroly.Hi.s i dfflieine wais obtained. 
3) Fischer and 8oh*iitz (lier. 100(5, •,35), 351 )j 
kvho obtained r-Ieueitie from ethyl isobutyl- I 
aialonate (Cir 3 ) 2 ( !hl 't!!:! ,/CH(( '()._,Et)^ by *eoii 
vi'rting into the bromo dcTivativo 

((.4l3),(4I‘(^Ha-(43rf(502Et), 
hydrolysing tins csicr, and converting the /so- 
butylfiroiiiomalonic acid thu.s obtained into 
(.s'obutyibroinoacetie acid ^ 

((4l3)3(.4l-('E3-(4ir.K‘(),,H , 

by destination under reduced jiieasuri' ; this on 
treatment with ammonia yielded r-leucine 
[0H3)2CH;0fr2W(NlU)rO2ir. 

r-Leucinc has been resolved into d- and /- 
leucine by the fractional crystallisation of 
wertain alkaloid salts of the benzoyl and 
formyl derivatives {q.r.) (Fischer, Ber. 10(K), 
33, 2370 ; Fischer ami Warburg, ibid. 1905, 38, 
3097). 

Derivatives. Mercury suit 

(CeHi';0,N)2Hg 
VoL, IV.—T. 


formed by dissolving mercuric oxide in a solution 
of leucine ((lossmaivi, Annalen, 1854, 01, 134) ; 
lead suit (t’gH j.3).2N).2Pb,H.j() crystallises in 
leaves (Streeker, Annalen, 1845), 72," (Kl) ; roppir 
salt ((',Hi 2 ()^N). 3 ('u, .small light blue erystHls, 
soluble in 3045 parts of cold or ]4(»0 ]»arts of 
boUing Avater (Jlofineistcr, Annalen, 1877. 185), 
1(5). 44ie .salts with acids are readily soluble ; 
the tw'o hydrochlondfs (5^14. A) 2 X, HCI and 
((\H j._j().,N) 2,HC1 are dc.seribed (Laurent and 
tJerlmrdt, Ann. (4iim. Phys. (ni.| 31, 321 ; 
Sehwanert, Annah'U, 1857, 102, 222) ; the lutnitc 
t'«lli4)^N,HN() , (Laurent and (3erhardt) ; the 
plniiuichhnidc (Cgll |2().,N)2,11 ^PtClg forms a 
yellow crvstalliiu' preeijutatc ; dl-^arwic picro- 
lohulo crystallises in long^ 

narrow, groeiiish-ycilow prisms winch become 
yellow wdion dry ; they soften at 130” and melt 
at ahoiit 1.50" (decoiiiji.), Ahderlialdeiu and 
Wed (7#itsch. ])hysiol. Chem. J0«fr i'sT 150. 
Lt'vene and van Slylo*, .1, Biol, nieni. 1012, 12, 
127, obtained rosi'ltes of six-sided erystals) ; 
natural leucine jucrolonate ery.stnllises into a 
uiivtiiif' ol long, .slcudi'r and rhomboid crystals, 
Lc\en(‘ and van Slyk(' (/.e.). 

J')/////(//((/c (('„I1,2()N)2(), imp. 272 ’, obtained 
togc'thcr witii its dih( //;(U// derivative 

{(Vll,()N-(Vl3())2() 

m.}) 80 '. by the action of benzoyl chloride on 
h'licino at 100' ( I testrem, (5om])t. rend, 1878, 
8(5, 484; c/. ( Oaves, Marshall and Eckw'Ciler, 
.1. Amer ('hem. Soe. 1017, 30, 112). The 
potussiuin. ml! of iiimi fhylleitnne iodide 

('3H,„(NMeJ)(k)2K 

hygroHco|)ic .slender lU'cdh's obtained by the 
action ol nu'tliyl iodide and ])otasHium hydroxide 
on leucine ; the corresponding chloro comiiound 
forms a, yc'Uow auruhloride • 

iO^NMo;,(’l-Auf!l3. . 

m.j). 1(53", and an orange-yellow plaUnivhloridv 
(LflHu(i_.NMe,,('l)oPt('l 4 (Koemr and ]\Ioiiozzi 
(lazz. ehim, ital. 1883, 13, 351). 

Ij( IK (lunndr (fl-b-di/.sohutyb2:5-dilictopipei’a- 

zine) Nil ‘“‘P* 27l”(corr.), 

yields /( u(i/l-lcm'inc 

NI1.-(4I(('iH 3)(‘()-NH ■('H((54Hp)(*02H 

on hydrolysis, this crystallises with 1 ,^H 2 (), and 
melts slightly above 270” ((kihn, ZeitsoR 
]>hvsiol. (4iem. 1000, 25), 283; Fischer, Ber. 
15)00, 33, 2370 ; 1002, 35, 1005; Salaskin, 

Zeitsi h. ]>hy Hiol. ( hem. 1 001 , 32, 55)2j. /- Uvciiu' 

, iruthyl vst<r has b ji 79”--79”'5/12 mm., 

0 0533 and + lb’53” (Abderhaldon and 
Spinner, Zeitseh, physiol. Chem. 1910, 107, 1) 
Ethyl I'iicr of r-hiKinv has R]). 83-5712 mm., 

, .sp.gr. 0*025) at 17”: the pirnife has m.p. 130” 

I (corr.), and the d-tunurfc, m.p. 145” (corr.) ; the 
! dhyl ester of l-lrucAne has fal^^ -j 13 1”, and is 
I not raccniised on hydrolysis ; it forms a picraiCf 
m.]). 120-5” (ciirr.) (Fischer, Ber. 1901, 34, 433 ; 
(■/■. ^ohmaiin, ihid. 185fif, 30, 1078). When the 
ethyl eater of r-leucine is left in contact with 
water and crude jiancreatin, it undergoes 
asymmetric hydrolysis, that is, the /-ester is 
hydrolysed, wiiilst the d-estcr is not (Warburg, 
Ber. 1905, 38, 187). n-Fropyl ester of leucine 

I 
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has b.p. 05'’-9G712 mm. (Warburg, Zeiisch. 
physiol. Ohem. llKXi, 48, 205). 

f-Jjtucinamidc C'flHi4()N2, m.p. 10(>“~107® 
(oorr.), is preparod by the action of liquid 
ammonia on the ethyl ester ; the p-vnphthalcjic 
sulphonyl derivative, has ni.p. 170^-178"’ (cf)rr.) ; 
and carbcthoxy-dldfuciminnde CgHj^OgN^, m.p. 
108®, readily yields )9-JA‘obutvlhydantoin by 
shaking with sodium hydioxido (Koi'iiigs and 
Mylo, Ber. 1008, 41, 4427). 

The ethyl eder of l-hudnevarbi tnidv 
00 : N-CH(C02Et)ClJ 2-011 Me, 
b.p. 1 20''- 1 3071 11 mill, is formed together with 
diethyl leucinrcarhiiuidc 

0O[NJlCiI((H)oKl)Cll.>-0IlMc2j 
b.p. 180" IUO7I8 mm. by the action of carbonyl 
chloride on the ethyl ester of leucine ; ?.so- 

huiy}\^J"p^oi( acid ^ 

N lll'f iirNl 1 ■( !H{( dl ..I’r^lOO.l I 

m.p. 200° 210" (with decomposition) is obtained 
by dissolving hmeiiie in excess of caibamide at 
130°-13r)°, and yu'lds isobntylhifdantovn 

VA): 1 

m.p. 200"- 21t>°, when lusited at 1.50°; llie dhyl 
e.vhr of isitbntylhydaniine and is obtained by 
the action of ammonia on the ethyl <‘ster <4 U 
leuoineearbimide, and this on hydiol\sis yields 
tlie free acid identical with the substance idi- 
tamed by the action of earliamide on leueine , 
when aniline is substituted foi ammonia the 
acid NflPlrCH)Nli(':iI((:HJb-^)('<)>fT is ob- 
tained, m.p. 115° (Hugouru'iK) and Morel, ( om]>t. 
rend. 1005, 140, 150, 505, 850). hanni j 
^ /Nl>lr(' I 

ph^nulthiohiidai^toni S( | . m.i>. 

" ' • ’ MH-^niCJl, 

178°, is formed by the inleraetion of leucine and 
])]ienyl mustard oil in the jircscnce ol jiblassium 
liydroxidc, and its formation aiToirls a convenient 
method of isolating leueine from the enule 
material obtained by hydrolysing jiroteids 
(Hob man, Ber. 1808,31,2188). 

PhthalylaminocaproiQ and ('i4lii504N, i>re- 
paiod by fusing a mixture of ])bthalie anhydride 
and leucine, has a. p. 115^-1 10°; it is la-yo- 
j'otatory, and is eonverted into the racemic iso- 
mcride on drv di.stillatioii ; t he platadianimoninni 
salt Pt{NH3-Nlln<\4Eia^tK).2 of the active acid 
contains 3li..(), that of the inactive acid OUl^O. 
Leucinephthdoic and 

C()2H-CeH4-CO-NlI-Cll{C()2H)(dla-(dlMe2 
is obtained by the partial liydrolysis of tlie 
.preceding con)\)oi nd, the active acid melts and 
decomposes at 130° 137". forming plithalyl- 
aminoeaproic acid ; the jK.lassium salt 

is crystalline and readily soluble ; the sodium salt 
is amorphous ; the barium salt is cryata^ne and 
sparingly soluble ; the* plalodiammonium salt 
forms soluble rhombic plates ; the amorphous 
copper salt is soluble in alcohol ; the inactive 
Itucinephthaloic and has m.p. 152°— 153°, and 
forms a crystalline potassium and an amorphous 
silver ,s«/r{Reeae, Annalcii, 1887, 242, 1 ; Ber. 


1888, 21. 277). The benzene sulphonic derivative 

SOoPh'HN-CjHjo'C^OaH 

of r-Ieueine sinters at 140°. melts at 140° (corr.), 
and forms soluble crystalline alkali salts, and 
sparingly soluble lead and silver salts ; the 
corresponding derivative of fZ-lcucine crystal- 
lises in needles, m.j). 119°— 120° (corr.), and has 
|al‘^^-39° (Fischer, Ber 1900,33,2370; 1901, 
34, 449). 

Jicnzoyl-r-le un n e 

((!H3)2(dl‘nH2-Cn(NIl FOPb)FOaH 
m-i). 137°~]41° (corr.). can be resolvCnl by means 
of its alkaloid salts, tlu- cinclioninc salt of the 
d-.and the qiiiniduic salt of tlio Z-isomoride 
being sparingly soluble. B( azoyl-ddcucine melts 
at 105‘’-107° (corr.),' dissulv''.s 111 120 ])arts of 
boiling water and has 0-39° in sodium 

hydroxide solution llmzayld-himne melts at 
■ 105°-I07° (corr.), has [a]f*H 0'59° (Fischer, Ber. 

I 1900, 33, 2370). 

I Formyl-r-U ucinc 

I ((Jlf3)oCU-(Tl2(Ti(N4l-(dl())F()2ll 

forms oetabedra, m.]i. ]15°-11G° (corr.); sre 
I (Juleotti (Bioehom. Zeitseh. 1913, 53, 485) for 
j the* eondensatjon of rdeucine with formalde- 
hyde ; formyl I enr.yle blonde 

(‘4ll,*('!T(NJJ'('lT())C(X:i , 

Ks a crystalline powder. The hritniic salt of 
lormyl-r/-loueine is .sparmglv sniubk*, and yields 
fill (Jeeom]K)sition foimyl-d Jciaune, erystalhsiiig 
in long lliin priMns, m ]) ]4}°-144° (corr.), 
bl8S'7jn 10 p.e. aleohnlie solution. Formyl l- 
leitnne obiamod from the more soluble leucine 
salt has tlic same melting-point as the d- com- 
]M.)und and La]i^|^--1 8 5°. p-Toluencsidphonyl- 
]-hann(, m.p. 121 . 50° i*i alcoholic 

.solution, yields p-toluirv ■sulphouyl-l-'^-m thyl- 

len t,,i'‘ F 1 1 Me 2 •( 9 1 .. •( U 1 ( NMo \S0 2(7 ti . ) ( '0 O'li , 
m.]i 91-92°, - 2 1 J 2°, and this on hydrolysis 

'give.s/-i\-m(Z//y/-Z^Mfn?(', i 2d’7(i' in aqueous 
solution, it sublimes in needles when carefully 
heated and yields a crystalline nitrate and 
hydiochloride ami J, he eojiper salt 
(\4HosO,N,7u,H.O 

forms l^mr or .six-sided plates. Fischer and 
Lipichilz (Ber. 191 . 5 , 48,300). liCiiciiic heated 
with dijihenylmethanc at 170°“J 80° yields cyclo- 
leucylleucine, (Xmiani (Atti. F. Accail. Lincei, 
1915 (51, 24, 1, 822) ; MaiUard, Ann. Chim, 
1915 [9], 3, 48). Fur a description of the 
numerous polypeptides containing the leucyl 
radicle, see Fi.sohcr and Bargcll, Ber. 1903, 30, 
‘2592 ; Fischer and Brunner, Aimalen, 1905, 340, 
142 ; Odscher aad Warburg, dnd. 152 ; TTscher 
and Koclker, ibid. 172 ; Fischer, Ber. 1905, 38, 
2914 ; 1900, 89, 2893 ; Fiselu^r and Steingroever, 
Annaien, 1909, 306> 107 ; h’iscTfaf: and Gerngross, 
Ber. 1909, 42, 1485 ; Fischer and Giuud, 
Annaien, 1909, 309, 247 ; Fischer and Fielder, 
ihid. 1910, 375, 181; Alxlerhalden and Hirs- 
zowski, Ber. 1908, 41, 2810 ; Abderhalden, ihid, 
1909, 42, 2331 ; Abderhalden, Hirsch, and 
Schuler, ibid. 1909, 42, 3394 : 1910, 43, 907 ; 
Abderhalden and^^eber, t6w?. 1910, 43, 2429; 
Hans Fischer, ibm. 1909, 42, 4320 ; Krause, 
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Monatsh. K»08, 2i), 1119; Hopwood and 
Weizmann, Chem. Soo. Trans. 1911, 99, 674, 
1679; AbdcrhaUhn and Fodor, ibid. 191(>, 49, 
501 ; Zeitsch. physiol. Chem. 1912, 81, 1 ; Ber. 
1910, 49, 501 ; Wel/mann and Ilopwood, Proc. 
Roy. Soo. 1913, A, 88’, 455. 

Fur the preparation and properties of the 
cf)ri‘e.spoiiding amino-alcohol and oholino from 
leucine, 8r( Karror, Karrer, Thorn an n, llorlacher 
and .Mador (JJoIv. ('him. Acta, 1921, 4, 70). 

Experiments conducted on 
dogs i^iow that Icucme, like other amino acids, 
can rcphn;® ammouiuin salts in the formation of 
urea (tSalaskni, Zeitsch. physiol. (Oiem. 189S, 
25, 128). Ecucinc as well as tyro.smc is assimi- 
lated hy certain plants such ns Algcc (Tasew And 
Bokorny, J. pr. ('hem. 1 S8J, [ ii j 3(*», 279 ; Schulze, 
Laudw. \h3rsuchb. Stat. 1901, 50, 97), (lucinnis 
a])eeics Js/icrr/iZ/a.'.' nKfcr, J. rrpea.*?, PeniciIJnim 
ijhiwum (Lutz, Compt rend. ]9((5, 140, ;i80 ; 
Pctrfiv, Bull. Ayr. Intelligence, 1914. 5, 2l0)., 
Veast poor m rntrugen develops rapidly in a 
sugar solution coutainiug leucine ; wlien racemic 
leucine is ein[)Iov(‘d the fermentation })roeeeds 
at tlio cxjiensi' of both njitieal isomerides, but 
tlio natural /-leueine is (le.^troyed mucli more 
rapidly than tlu' (Meueme, which can thus bo 
recovi'rod to the (‘\teut of 70 p.c. of the theoreti- 
cal quantity at the end of the reaction (IChrheli, 
Zeit. \v]. <k‘nt. Zuckerind, 190(5, 008, 810). 
Th(< degradation of auiiin) acids in the ]i]anl 
and animal ecomnny appeals to be deaimdisa- 
tion and oxidation of the terminal carbon ato^i 
(Sach.s, Buteheni. Zeitseh. 1910, 27, 27), this 
would lead in the case of kmcme to tlu^ forma- 
tion of ainmoma and amyl aleoliol ; and Ehiheh 
(Ber. 190(i, 40, 1027) is of ojumoii that the 
occurrence of fii.sel oil during alcoholic fermenta- 
tion IS due to the hjnln'IvMs ol /-leucine and d- 
7 wleueiiK' ^according to the equation.s : 

OHMe.EH,. ('Il(ifir.,)('()d! -i ir„() 

-(!HMo;-CHV('H,-()ll+a),-i-lsll> 
('llMeEi t'll(Nll 2 )(k).,H-| H„() 

-('fiMcEi-t'H.-Oir ) (’Ojj-fyjfl , 

On o.\idati§u witli hydrogen jicroxido leucine 
yields i\ oaleraldehynie, ibovalcrie acid, uiiimonia 
and carbon dioxide ; on further oxidation acetone 
is formed from twvalcrii; acid, the reaction 
closely •resenibling sc\eral biochemical reactions 
ill which leucine tujvcs part (Dakirn J. Biol, 
h'hcm. 1908, 4 . (53). * 

By the action of nitrous acid leucine it# con- 
verted into lcuei( acid (a-bydroxv^oliexoic acid) 
(Streckcr, Annaleii, 1848' 08, \55) ; and on 
reduction wrth hydriodic acid yields eaproic 
acid and amnumia (llufiier, Zeitsch. Ohem. 
k808, 391). /-Lcueic and sinters at 78^* and 
melts at 81'>-82^ laj|“-27-8'’ in alknlinf 
solution ; d-Ieuoic acid melts at 80® has 
[alu+2()*3'' in alkaline solutiiTii {Schedbler and 
Wheeler, Ber. 1911, 44, 2084). 

Separalion detection . — A mixture of 

leucine and tyrosine is readily separated by 
the aid of boiling glacial acetic acid in which tho 
loueme i.s fairly {29-23 at 117“) and the tyrosine 
very sparingly soluble (0-18 at 1 17'^ (Habcrmann 
and Ehrenfeld, Zeitsch. physiol. Chem. 1902, 
37, 18). io separate tyrtisinc, leucine, and 
valme, Levene and Jacobs (Biochem. Zeitsch. 
1908, 9, 231) pcommend the following method. 
The mixture is treated with bromine, and the 
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bromo derivative of the tyrosine removed by 
means of amyl alccdiol ; tho valine and leucine 
are crystallised from the mother liquor, redis- 
solved, and the leucine precipitated by leml 
acetate and ammonia. On decomposing the 
lead procijiitato with sulphuretted hydrogen, 
iQucino and fvoleucim^ are obtained oiul can bo 
separated by extracting tho copper salts with 
mt'thyl aleohol in which the copper derivative 
of twlencine is soluble. Olutamio acid and 
leueine can b(‘ separated by saturating the 
solution with hydrogen chloride when the 
insoluhlo hydroehloridii of glutamic acid is pre- 
cipitateil (Ftard, ('om])t. rend. 1901, 133. 1231). 

Leucine heated with dilute s^lplwinc acid 
and potassium biehroinate, gives a cliaracter- 
i.stie. .smell not gnen hy oilier monoamino acids 
(Moriier, Zeitsch. physiol. Chem. 1913, 88, 152). 

lake other a-ammo earboxyUc acids iMicine 
gives a •blue colour il <arefidi|M^Aed with 
triki'toliydriiuleneliydnilo in alkaline solution 
(Alnlerhalden and Sehmidt, ibid. 1911, 72, 
37-43, and ibid. 1913, 85, 14(1), 

In order to test for small truces of leueiiii' the 
iiramiiK- react i(ui may bi) used and tyj»ieal 
crystals of esobutyl hydantoic acid obtained 
(Lippieb, Ziutseh. physiol. Chem. 1911, 90, 148 
sec also Ber. 190(5, 39, 2953). 

J-esoLcucine, a-i-rntun-B-mithylnderic ncid 
CllvCn,/('!l((‘H,)ClI(NIl 2 )CO.d'l was dis- 
covcK'd by Ehrlich (Zeit. Ver. deut. Zuckerind. 
1903, 57l‘, 809; B>er. 1904, 37, 1809) in tho 
mother liquor of th<i beet sugar manufacture to 
W'hieh the strontia de.saceluirilieatioii process hud 
been ujiplicd ; it is separated from the r- and l- 
leucim^ that oeeur with it Ify the aid of its eo]iper 
salt wJiieli dissolves freely in methyl alcohol, 
the eorresjioiidmg salt of leucine being only 
sparingly soluble. i.-^oLcucjiio has also been 
isolated from the jirtxliicts of hydrolysistibtaiiied 
by digesting blood fibrin with jiaiicrcatic juice, 
from the liytliolytu*. products oL ovUlbuniin, 
fiom the crude leucine obtaimsl hy the piitre- 
faetioit*of beef (Ehrlich, Z.c.) ; and from the 
jirodiK'fs of hydrolysis of casein ( Weitzenbock, 
Monatsh. 190(5, 27, 831). It is probable indeed 
that J-i8(deuciiie occurs invariably along with 
/-leucine us a primary product of proteid hydroly- 
iSi.s (Ehrlich, l.c. ; Ehrlich and Wendell, Bioiihem. 
Zeitsch. 1908, 8, 399). 

d-i.wLeucmc erystalhse^ in sliining rods or 
leatlet.s, which melt and decompose at 280° 
when healed in a closed tube ; it has 9-7‘?° 

in aqueous, -(-30 80 ' ip 20 p.e. hydrochloric acid, 
or -|-ll*l°*]j alkaline solution, and dissolves in 
25-81 jiarts of whaler at 1 5*5°, the .softitiou having 
a bitter taste. It is completely racemised and 
partially converted into (lUoiHoUncine after 
lieating for 20 hours at 180° with barium 
hydroxide solution (Ehrlich, t5er. 1904, 37, 1809). 

Loequin (Bull. fj|j»c. ehim. 1907, |iv.] 1, 595, 
001) finds slightly different physical constants 
for the synthetic d- and /-i.wleucine ; both com- 
pounds crystallise from water in brilliant 
spangles, and have m.p. 280°-290°; /-woleucino 
ban [a]|^— 10-55 in al^ueous, ~ 31-37° in dilute 
tjr - 40*80° in concentrated hydrochloric aciil 
solution, and J-woleucine has 11*29° in 

aqueous or -f 40*61'* in concentrated hydrochloric 
acid solution. 

'i When t/-i«oleucine is subjected to dry distilla- 



110 


LEUCINE. 


tioii it yields ])artially raoetuised f/ ainylamine 
(/U3'CHjj*Cll((d!.,)(!Ua-NU2*, to^^ether with i^o- 
leueiiiirnidi' ; and it is decomposed hy yeast 
growing in a sugar solution to form rf-amylaleohol 
CH3-(dlo-ClJ(CH,)(!H(NH2)CO.ri+E..O 

- ( d 1 -Cl 1 2 •( dl(CJl 3)( dd -Oil d NJ 1 3-1 ( '0.. 
It follows, therefore, that /.voleucinc is a-aniino, 
/i-methylvaleric aiid, and this mcw oi its I’on- 
stitiition is confirmed hy vaiious synthetic 
preparations. ( I ) ihiu\ eault and hoepuin (( 'oinjit. 
reml. lUOo, Ml, J Id) pi(‘]).i red an inactive hmcine 
fi’ojii ethyl 1 hut\ laeetoacetate 

(dlMeEttdlAc-CO.lit 

this yields «thyl a-oxiniino-.STrhulylaeetute (a- 
oxinuno-^- methyl valerate) 

(dl.\loKt-(dN()Il)-C02Mt 
by the aelion of nil ios\ Isuljihate. which on 
redu(ST^.-i^,i;, eonvei'ted into the inacliv," leueiiu' 
(dlMeMt-(di(i\jl2)^'^L^^‘ lesolving this 

oonijtound by the fi-aetuinal ei vstalJisation ol i 
the hrui me salt of its lorinyl deri\ati\«\ 
loucine was ohtain<'(l. identical wdh Jvhrlieh's 
naluial ])ioduet (Loeipnn, Bull, iSoe. (him. 
1907, fiv.l J, rm, POI). (2) Ehiheh (Hei. 11X17, 
do, 2r»:JH) .syntlu'sisi'd /soleueine fioin d hin\l- 
alcohol tdlMoEt’(dL-()Jl, by tlu' following 
senes of reactions, the d-ainyl alcohol was j 
o.xidised to (/-V aleialdeh^di' tdlMcEt tdlO, j 
which was eonveited by the aetnm ol ammonia j 
and hydrogen eyaimh^ into amim»valeionif rile 
(dIiVIe]^)t*CH(N-H2)t\\, and this, on hydrolysis, 
gave a inixtnrv ot d-isok'nvuw and u//oiso/( m no 
(dLMeb:t-(dl(NH2)('()di. AJlorsoleiuiiie is a 
Bterooisomide of ?.sol(,uein<‘, which contains two 
asyminetiic caibon atoms; it closely K'simbh's 
f-s’oleuejiie in its e\l-einal ap]>earane(‘, and in the 
properties o[ its denvativ(‘s; it has, howi'ver, 
a Hweiit' taste, is hcv'orotatoi \ , (a|“** - 14 4' in 
aqueous and iKi-Do’ in iiydroehlorie and solu- 
tion ; and ft dissolves m .4 1 2 jiaifs of wnfiu at 
20'. (3) Lhsing Fischer's method ( Ber. IJXM), 30, 
351), FJirlieh {ibid. 1008, 41, 1453) has«^ynthc- 
si.seil racemic isoleiieuie iioin si'eond.uy butyl 
iodide and ethyl maloiuite , on hydiolysing the 
condensation product of tlusse two compounds, 
Itoinburgh's .stcbuty Imalonic acid is obtamnl ; 
this on bronunation yields broino-sn biity 1- 
malonio aeid CHi\leEt-('Br(C( l)^, winch di'- 
eomposos whmi distjded uiidei reduced }iiessure 
yielding a-bronio-^-methylvaleric acid 
*' CHMcEt('liBiCO.dl 

on treating this com])(tund with ammonium 
hydroxide it is conv cried into racemi,'* (.'.(tlcucme, 
m.j), 215" Ilf a closed tube. Tiie same symthesis 
was made by Biasch and hViedmann (Beitr. 
Chem Ehysiol. J’uth. 1008, II, 370). 

Derivatives. AVi//.y.— -d-isoZ/rmu/n -htjdtocMo- 
ride forms stellafV needles; the copjnr •'laH 
0i2H2aO4N2t'u is deep blue and erystallme, 
dissolves in 278 parts of vVater at 17 ’, in 470 
parts of 00 ji.c. alcohol, and m ,55 jiarts of 
motliyl alcohol at 17‘^; the .sih'cr salt is white 
fioeculent and crystalline ; the had salt is 
strongly liovorotatory ; d iso-/( ini //e piaolotiat<\ 
forms long, slender, si.v -sided crystals grouped m 
stars, m.p. about 170", [af,’* |dI2*8" (Lcvenc and 
van Slyke, J. Biol. Ciiern. 1912, 12, 127). 

Acyl derivatives of (1) r-?7?pleueinc, the 
formyl derivative has imp. 121M22°; the 


benzoyl derivative has m.p. 70“, and b.ji. 211 '/\5 
mm. ; the InuzenCsulphojiyl derivative has m.p 
KJO”; and the p-ioliienesvlpltonyl derivative 
has imp. 130". (2) d-nvoLeucine, /orwiyf deriva- 
tive forms fine translueeijt crystals from water, 
m.p. 1 ,50" 157^ -I- 28*26' ; benzoyl derivative, 

m.p. no 117", lal“‘^ 1 26*30'’ m alkaline solu- 
tion ; henzi Hibitlpltonyl derivative, imp. 149"- 
IbO", [a|j,‘‘ 12*04" in alkaline solution; the 

]dtetn/liM>cyanat(\ m.p. 110 -120 ’, 
in alkaline solution ; the pJieiiylhydanioin has 
m.p. 78 -70 ; laaiannidi {iso-2 '. 'b-diLcio-^ : 5- 
j d i isob alylpi jh raz iitt) 

loiins slender needles, m.p. 280' 281°, and is 
sliifldly dexliorotatory in alcoholif* solution. 

, (3)*^/-/s(/Leueme, formyl deriv alive has m.]). 
150" 157", and has 27’7(‘." m alcoholic 

solution; the b/Hzcyl derivative has m.p. 118" 
and [tt '*“**-- 2(i 03' in A', 2. sodium hydroxide. Eor 
till' deseriplion of jiolypr/ilides containing the 
es’olcueine radicle, .or Abdcuhaldeii, llirscli, and 
Sdiulei, Ber. 1000, 42, 3304 ; 1010, 43, 007. 

/1-Leucine, a-ammo-n-hcxoie acid 

has not Ix'cn isolated from the ju’oduets of 
hvdrolysis ol pioleiiis, hut //-valeric acid is 
formed whim casein is oxidised by luounne 
(Skranp and Witt. iMonutsli, liXM), 27, 003), and 
this suggests tlie piesenci' (4 //-h’licine in easein. 
Furthei evidence in favour of this suggestion 
was ohtaiiu'd by ileckel (Monatsh. 15)08, 20, 15), 
who found that by oxidising with ])otassmm 
permanganate that Jiaition of tlu* Jeueine I'steis 
irom easein least soluble in hydiochlMic acid, a 
mixture of acids was obtained about one half 
ot wlpcli was //-valene acid. Samee (.Monatsh. 
1008, 20, 55) also obtained a similar result, using 
the h'ueine (dilained fiom the neck band of the 
ox. Kudielka (Monatsh. 1008, 25^ 351) has pre- 
pared /i.-leucnio by Fischer's method (Ber. 1000, 
33, 2320) from both natural ami syntlietic ti- 
hexoic acid, using Kaldhaum’s jircparalion ; 
100 parts of the f‘-'rm('r gave 37 ])arts of w- 
leiieiiu', whilst 100 parts of the hitler gave only 
0 parts. Kacemie /i-leuein'' melts at 200° (corr.) 
in a* closed tube. 'J'he coppc} salt forms pale 
blue leatlcts, the vield salt is greenish- blue, the 
(obalt salt crystallises in nnl k'allets ; the 
methylated base yields a yellow avricfiioridc 
U3 Hj 30 oN,I 1 Au{ 3„ m.p, 142°. 

'I'hc resolution of raeemie /i -leucine has been 
etfeelod by Fisclier and Jlagonbaeli (Ber. 1901, 
fl4, 3704) by the fractional erystallisation of the 
cinehoftXnc salt of the benzoyl derivative. The 
benzoyl derivative of racemic /^ leucine has m.p. 
1.34° (corr.); ]-hctizoyl-n-li^cine crystallises 
w'ith 2O, has imp. 53° (cuit.)^k 1 f - 21 *9° 
in aqueous solution ; hevo u-leucine prepared 
from this has (aji) — 22*4° ; d-beiizoyl-ndeuctne has 
la]i) T 21*4°, and dextro n-Zci/cmf' has[a]i,+21 *3°. 
l-n-Leucmc picroloJiaie softens at 145° and molts 
at 150®, it has [aJh^+lO'O" (Leveno and van 
81yke, J. Biol. Chem. 1912, 12, 127). 
i Marko (Annalen, 1908, 362, 333) has similarly 
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separatetl d- and ^ w-leucine from the racemic 
compound by crystallising the brucine salt of the 
formyl derivative of the racemic compound. 
r- For my I -n -leu cine has m.p. 113''-116" (con*.); 
l-formyl-n-lcnciuc has m.p 1 18‘5 ®{coit.), and 
17*50"^; Icero n-lcucinc has [a]“^— 22‘99“ 
d-furmyl-u-Jeucim has and yields 

dexlro n-hucinc 4-23-14'’. 

j/r-Leilcine has hocn obtained from the oxime 
of tnucthyipynivie acid by 

reduction with zinc dust and 50 ]> c. acclu- aciil 
or with aluminium anudoani in 50 p.c. alcohol; 
it forms liard laminar crystals that begin to 
sublime at 250". The nnp 'hihuh ncHulphonyl deri- 
vative has m.p. 200 -20.‘{"^thcpdofaf ncsulphouyl 
derivative has m.p. 22(i'’; and the nitniir has 
m.j). 151'’ (Knoft]) and Jiandermann, Zeitsch. 
]>hyMol. ('hem. J9I4, 89, 157). M. A. W. 

LEUCITE. A volcanic mineral consist in* of 
potassium aiunimium silicate KAh.SiO.Jj, found* 
as grey crystals with the extiu-nal form of the 
cubic loosdolrahedroii (21 I). ()])tical examina- 
tion of the crystals in thin sections shows them 
to be birefringmit and to consist of a (smifili'X 
intcrgrowth ot twin-lamell;e. At a tem}ierature 
of 714" the mati-rial is ojitically isotrojuc and 
truly cubic, and in the red-hot lavas it, no doubt, 
grew as a cubic crystal. Sp.gi. 2 17; 11. 5.1. 
'I'hc mineral occurs abundantly as embi'ddcd 
crystals in the alkali iich lavas of certain 
district r.ff Vesmnis, Home, tlie Eifel, and 
the Leucite Hills in Wyoming. Otlu-r localities 
arc in Montana, Arkansas, Hrazil, Sardinia, 
Holu-rnia, 'rrebizond in Asia Minor, KiIiinan|aro 
in Africa, Cajie Verde Islands, dava, Horneo, 
t'el('be.s, New South Wales, Siberia. It is 
decomposed by hydrochlorii- acid, and is ri-adily 
atTec.ted by weathering procc.sses. (kuitaining 
a consider* blc aii^unt of potash (K.^U, 21-5 fi.c.), 
attempts liavc been mad(» to emjiloy tins mineral 
as a source of potassium salts and ns a fertiliser, 
'riie leucite-beanng rocks ot Wyoming contain 
KgO 7-99-11-9J (average 19-74) pc., which is 
Iirescnt partlj^ in other minerals besides the 
leucitc, sucli as mica and orthoclase (e. A. K. 
tScliultz and W. (h-oss, I’otaKh-bearing rocks of 
the Leucitc Hills, Wyoming, Hull, IJ.S. (leol. 
Survey*, 1912, No. 512). r<*view', with a full 
bibliography, of the many attemjits that liave 
been made b > extract^ lot ash from the leiHc ite lavas 
of Italy IS given by If. S. Washington, Ay-tall 
Hhcrn. Engin. Jan. 15, 1918. L J. S. 

JLEUCOLINE. Svn. fur Quinoline. 
LEUCOMAiNES V . Htomaixes. 
LEUCOPYRITE r. J^ollenoite. 

LEVANT SAPOTOXIN e. Gluc-oside.s. 

LEVIGATION. Levigation is the mechanic,-'.! 
proce8.s by which h.ard substances arc reduced to 
a very fine powder by grindin^them witn water, 
'fhe process is used ])rinci])nlly in the prc])ara- 
tion of pigmcn+y On a small scale the sub- 
stance is groufid with a ‘ muller.’ The muller 
is a piece of hard stone, convenient in shape 
and size to hold m the hand, and carefully fat- 
tened and jiolishcd on one side, f’he pigment 
to be ground is mixed with water on a large 
square slab of stone, jireferably marble, and 
then ground with the muller. The finest artists’ 
colours are ground in this way. On the large 
scale the pigment is first thoroughly mixed w\t\k 


water in a pug-mill. It is then ground between 
millstones similar ,to those used for flour, 
or under edge runners. Sometimes the mill- 
stones are replaced bv three liorizontal granite 
rollers, between which the pigim?nt is ground. 
A mill with stones 2 feet in diameter will grind 
15 cwt. of paint in 11 hours, 

LEVULIN r. Dandelion hoot. 

levulose,l;evulose Oakbohydratks. 

For the specific rotation of hevulose, .v-c \'oh- 
burgh, J. Amer. ('hern. So."-. 1920, 12, 1999. 

LEVURARGYRE. 'i’rade name for a mercury 
compound of luiclcoprofcin. 

LEVURETIN, LEVURINOSE r. Synth imo 

BKUG.S. , • 

LIBAVIUS. FUMING LIQUOR OF, Slaumc 
chloride SnCf, (e. 'I'in), 

LICHENIN Iceland moss, ar-t, (Iumh. 

LICHENS. .Many sjh'cjcs have la-mu em- 
ployed from the (-arhc.st tiim^ HT* medic me, 
dyemg, and as foodhtufis (Memoires sur I’utilitc 
dcs licli(‘tis, p;^- Hoirmaim, Amoreux ct Willemet, 
Ijyon, 1787). From about the year 1309 certain 
species liavc bci-n (-mjiloycd for the jiroduction 
of (he purple dyc.stiifi ‘ arcliir or ‘orchil,’ ns 
they contain colourless jirmciplcs, derivatives 
of orcin, which under the iidim-nco of ammonia 
and atmospheric oxygon yn-ld Hu- purple colour- 
ing matters known as orceni (r. Archil). Under 
till- name of (’lottlc or ('rotal, Mith various 
descriptive preiixcs, several sfieeies have been, 
and still are to a wry limited extent, directly 
a])pliod in dyeing bull and brown colours oil 
homespun yarn in the Highlands of Scotland, 
Wales, tVc. 'fhe dyi-stull ajipears to be ready 
formed in the ])lanl and m obtained by simple 
extraction. I'lie best known are Parmclui 
Sd.KiUlin or lilack Frotllc, and 1*. omjihalodcfi, 
while others are 7’. cajicraUi, or Slone Vrottlc, 
i\ cctaiojihylln or Dnik Uroitlv, /’. pariefina, ami 
a few species ol Slicla, (!Sp(‘cia% S. pulmoinirld 
or llirj] Ciolllr. 'I'lieso liehens Undergo no 
pn-paration, being gathered in July or August, 
wlien t#iey are nclu-sl in eolounng matter, and 
simply dried in the sun. ’I'hey dye without 
addition to the bath and do not form lakes. 
Fine shades of brown are obtained, fast to ociils 
and alkalis, but le.ss fast to light than a mixture 
of Melachiome Brown B, and Mclaehrome 
Orange 3H (Edge, J. Hoe. Dyers and Col. 1914, 
30, 189). ’J'hose lichens,, c.f/. Iceland moss 
{Cctrarm idwndica, Ach.), winch serve as foocl- 
stulTs, contain a starcli-hke substance termed ff- 
c/te/u a, which is capable of conversion into glucose. 

Our earlier chemical knowledge of the con- 
stituents oT many of these lichei^ is nminly 
due to the work of Knop, Koehlcder, Hcldt, 
Hcliunck, Hchmidt, Htenhouse, Stenhoiise and 
droves, and Weppen, whereas for the later very 
numerous in ve.stiga lions we (^ro ehii-fiy indebted 
to the chemists Oswald Hesse and Wilhelm 
Zopf, As a result, m very largi-! number of new 
conijiounds liave b<‘en isolated and described, 
the constitutions of which in most cases, 
however, are as yet undecided. On the other 
hand, cousidcjfahie advance has been made ag 
re^Jards the exact structure of some of the more 
common constituents, viz. atranorin (atranoric 
acid), barbati 9 acid, evernic acid, erythrin 
(erythri^ acid), lecanoric acid, and ramalic acid, 
Dind the choifiisiry of these substances is dealt 
with under their special headings. 
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As the work of Hesse (H.) is mainly to be 
found in the tionrnal fiir •praktische Chemie, 
and that of Zt)pf (Z.) in the Annalen, to avoid 
fre(pierit repetition the year only of the papers 
published in the journals is noted below. For 
lurther details, m‘ Hesse, ,1. ])r. Chem. 1911, 
|ii.] 83,22. 

Tr(f,r}n/U(t ligillaiift (Fr.) [Arohiim t iff Ulan : 
Oalicium iiqiUarr, (hjphphnm fiffillarr)^ rhizo- 
earpie. acid (it-), m.p. J77““I78'% and 

ae(tli(‘ ueid (H. 1 OOO). 

Acara'iporn c7dorn;)/(n?e/, rhizor-nrpic acid, ple- 
(KSidie acjd (IjJL.O,, ni.p I :;r’-l32‘' (Z. 1903). 

Ahflonn tntpIcMt, \yl. (,l. raaa), 7.(‘i>nn, 
salnziriio IS9<Sj. J or/o’oAo/a/, u.snic acnl 

tisfijoHr- ‘‘nd luirhahc acid (Z 1899). J. 
.sYWVMc/do.w, usiiK’ acid (Z. 1900), 4 jiihata, xar. 

implfm, salazinic aca’d, alci'piric acid (^>„1F|< 

•>'*-P- cl. fulioihita, d-mnw acid, n.snanc 
acid F,ioH:*ai*'i,v oi ]). 210 ’ 2<i0"’. J. ( a t/nra 
f/-usnic aci(l. usnanc acid (11. l‘)02). A n/ipifta, 
atrariorin (11. 190(1) 

Aiutplychia, cilinri'^, aim none acid (atiu- 
norin). A. .sacenMa, atranonn, /conn C.oMnd). 
(Z. l8il5-IHil7). 

Anpu'dia i'ab'ai'fa , crydiric acid, o\alu! acid, 
nsfiicilin, in.p. 178.3' (II. 1900). A. c<ilrnrca, 
var farimmt, eiythrin, orythritol (II 1913). 

J. qihho'ia, a.s])icilic acid in p 13(r (II 1901) 

Bunmripi^ rn^rxs, .m afid, in.i). ISO" (11. 
1898) 

fiialora lunila, rlii/ocarjac acid F;,„ll „0-, 
atranorin (Z. 1897 : II 1907) ; no nsnic acid (i p. 
Knop, 1813). /)'. wn//os-, diPusic acid (Z. 1903). 

B. Aif/Zd/oo/n, /-usnic acid (Z 190(5). Ji. <jra}i(ln- 
losa, jjyroplioric acid II 5,07 (Z. I90()). 

Bladfuia aunnna {( 'aVoppstna t njilirocin ]ta), 
phytosterol, blastcrin, ni ]i. 1 70" (II 1898) 
fi. arenuria, atranonn, i^yrojihoric acid ('j^lljP), 
(H. 1898). B.J'anynmavnuv, 1900) 

(Utlycttoti ('ip)p(H'f plitdtivi, vuJpic acid (11, 
1898; Z. 1893). ( '. rldor/fiiun or c/donUn/ii, 

vnljiio q^cid fZ. 1893) ; pulvio acid and traces of 
leprarin (\plls(li) (Kassner, Arch. Pharhi. 239, 
4-t : H. 1900). ( chrysocetraric acid 

(\9tii4H(i (ii- KiOO). (' kiffdiammari, calvcin 
t'lsHi-O, (Z. 1893). 

('alhpt.nna Jlavovlrpsccuft, chrysojdmnie acid, 
physcion^ (ft- 1902). ‘ r. vddlivjim, 

cnlycin (Z. 1893) ; callopismic acid and mannitol 
(Z. 1897). < 

^ Blnzocui poll fntdi'<, A. Zahlbr. {('aiocnrpuK 
ori^dcfi)^ rluzocarpic acid CohH.joO^, psoroniic 
(parctlic) acid (Z. h"*03)“ 

Vch'(tri(i cKciillata {Plafysma (pmdlalum), 
protohchcsUric acid (Z 1902). (\ 

chlorphyUa^ protolichcstoric acid and atranorin 
(Z. 1902). t\ coinplirata, prutoeetrario acid 
Fusnic acid, and atranorin. 

Cktraria i.slatuKcn cuntain.s starch not de- 
posited in granules, hut uiiiforndy distributed 
among the colls (lichenin). '■rhe liehenin, wliich 
is convertible into sugar, is present in such 
large quantity that tins lichen can be used for 
food (Schmidt, Annalen, 51, 29). TIhtc is also | 
said to be present cetrnric^^acid, liovienstearic acid 
(Knop and Schaedermann, Annalen, 35, 11*4), 
protooetrario acid, and proto-ff-lichesterio acid ' 
(Z. 1902; H. 1903 and 1904), adichenostoaric ' 
acid OigHjoOg (m.p. 122“-123®), ^ilichenoetcaric , 
acid OigKapOg (m.p. 121'-’), y lichenostearic acid ! 

{m.p. 121®-122®) para- 


Kohenostearic acid C20TI34O5, dilichorfosteario 
acid CaflHgoOio, and cetraric acid F.eHaoOia 
(H. 1898) conteins no oetrarfc acid as such, it 
being formed during extraction. (Carbohydrates 
arc lichenin, d-lichenidin and lichenoin ( H. 19H>). 

(L nivahs, u.snic acid (Z. 1904); /-usnic acid, 
mvalic acid F.olJonOG; hchenin and Michenidm 
(H~ tofo). P. .s7i/pj»mprotolichesteric 
acid "(Z. 1901), ])roto-a-lichepteric acid, di- 
liclicsterie acid, cornicularni and sluppeaic 
acid (\i,H.^g04 (H. 1911). 6'. acuUula. or 

(ktnuciilana andcata. proto] ichesterie acid (Z. 
1904) ; licfu'iiin and Jichcnic (fiinuric) acid, 
acanthelljii <*1^,1(31^5,111.]). 188° (H. 1911). C. 
pinasfn, ])iiia.stric acid ('i(,llgO;i (Z. 1893) C. 
(flauva (Plfdifsma f/Iniinnri), lichenin (llcrzeliiis). 

( '.77/io7;m//a,cliry.socei-raric acid ('j^fl j^Op, nsnic 
and vuljiic acid.s (11. 1898). (\ pi)t(hd)i, chrysu- 

cctraric, u.snic and viiljnc acids (11. 1898; 
Z. (899) ('. pdda IK nsh' , K'diViiir atul (Z. 1898). 

» ( '(laa/i lana canrohn , ca]l(»])isn]i(‘ acid or etliyJ- 

])ni\i(; acid ('20 ^ 'lipulvic acid (*...Ho2()i, 
(Z.) ; calycin, and .stictaurin (*,sHja05 (H. ; 

Z 1899), According to Hesse, 1898," clipiil vie 
acid i.s a mi.xturc ol calycin and jnilvic anhy- 
dride. rdcllnia, Htiotaiirin (Z. 1899), calycin 
and ]mlvic anhydride (Z. 1899). 

(dad Ilia ndndiva, usnic acid and cetraric acid 
(Z. 1898). alpcdiiK, u.snic acid (Z, 1898). 
taii'fij'crnta, <;etia,?ic acid and atranonn (Z 1898) 
and usnic acid (11. 1898). (' pyiir/n/c, jiavdln- 

acid (H. 1 898). (d cocc/fcia, coccllic acid (F^H 22<(7 
(F. 1898). a. nupadu', cFusnic and tlianinolic 
acids 1902). 

('ladoma atiiaurunafa, usnic utid (Z, 1898). 
akicondf,, usnic acid (H. 1902). (J, dcjormis^ 

usnic acid (Z. 1!)0()). (d ci/aiiipc.'s, usnic acid 
(Z 1900). (d F/ocr/rca/ia, coccllic and thamnolic 
acids (H. 1900). (K rampfoi and, atranonn, 
rangiformic acid C.^^jHa^Og-OMe (H. ,1,898). (\ 

nncinala (no u.snu* acid, .vcd Knop, Annalen, 
1844, 49, 120); but uucinatic acid FosllggOg 
(11. 1J500). (J dedrida (0. nnciahn), usnic acid 
and starch (Kiiop, Annalen, 49, 119); ^-usnic 
acid (iSalkowski, Annalen, 1901, 319, 391); 
/-usnic acid, ckule.stiu (m.p. 242*^-245°), squa- 
matic acid, destritio acid, destrictasic acid, and 
clade.stic, acid F 15 H > (11 . 191 1 ). (d iiicrassata , 
/-usnic acid (8.). C glauca, squaiuatio acid (Z. 

1902) . C. stre]k<idisj thamnolic acid and stropsilin 
(Z. l{H)^).A\thamnohs, thamnolic acid CaoHj^Oji, 
and strepsilin. dentricta, /-usnic acid (Z. 

1 903) ; /-usnic and .squamatic acid.s and cladcstin 

(H. 1904). (J. maciknta, u.snu’ acid and starch 

(Knoj), /.(•.); rhizonic acid (Z. 1903); coccellic 
acid, thamnolic acid, rhodocladonic acid (H. 
1913). C. squamosa, var. ventricosa, squamatic 
acid (Z. 1904). (7. squamosa, var. denhcollis, 

¥)iuamatic acid (Z. 1907). C’. fimbriata, var. 

.svwp/ca"^fumaropjotooetraric acid and fimbriatic 
acid (Z. 1907). (j fimbriata, var cornuto-radiata, 
fumaroprotocetraric acid (Z. 1907); no con- 
firmation of this ; probably n64»,^xynic acid (H. 
1916). ('. pttyrai, var. cladoniorpha, fumaro- 
protocctraric acid (Z. 1907). (7. stlvaiica, var. 
condensata, /-usnic acid (Z. 1907), oornicularin 
C23H440 jj (H. 1915). (J. verticillata, var. eiib- 

cervicorms, fumaroprotocetraric acid (Z. 1907), 
atranorin and corvicoruin. C, chlorophcea, fumaro- 
protocetraric acid. C. gracilis, var. chordalis, 
fumaroprotocetraric acid (Z. 1907). C, crispaia, 
var. gracikscens, squamatic acid (Z. 1^7); 



cladonin 

cocellic 


in (H. 1915). C, cfmferct, 

c acid O20H22O7 {H. 1895). 0. incrwimta, 
^-usnic acid (Z. 1905). C. rav^iferina, usnio acid 
(Rooliloder and Heldt, Annalen, 48, 2) ; liohenin 
(Schmidt, tlnd. 51, 29) ; claclonic acid (j3-uanic 
acid) (StciihoiiHC, ihid. ir>5, 58); 

d-iianic acid (no /-usiiic) and silvatio acid 
OO.Mc-Cj^Hj^Oal'OOH (H. 1907); atranorin 
and" fumaroprotocetraric acid (Z. 1 900). ( ramft- 
fet valf/oi atranorin and protocctranc 

acid ni. 1898). T. rdixjilfniKi, var. ftdtofica, 
r/.-iisni7‘ acid (Z. lOOO); iisnic and protocctranc 
acidw (IL. J898). C. icniusy fumarprotocctraric 
acid and d-UHnic acid (K 1915). (\ ^Mjnduta, 

liclH'Uin (Schmidl, Annalen, 51, 29); cimdsin 
(Hcnsscy, J. Pharin. (diini. 1898, i vi, ] 7, 577). 

Corniculnria aadiuta,* niugiiunmo acid (11. 
1902). C. acidnila, var. dti'ppcn, i*oriiicularin 
(H. 19J5) C a var. mdiithdld, 

dnaatnutul (II. 1915). ^ 

(Jhiodechm s(tnfjHin( um [C. 7 ith'ot'iiK hn)i)„ 
cliiodcclonic acid C,,iH 

('i/plitliuni Irii'liKili, var cand^IftrCf calyciti 
(Z. lilOO). 

DarhidurtUd grardli iiia, panilic acid (II. 
1898). 

JhiHioijraplid hinophn (t, protocctranc acid 
(11. 1898); orvtlirin and orcinol (Konci'ui v, 
Hull. Hoc. chnii.' I9(»-l, |ui J ill, 1097). 

onind, zcoiiii and iisiiic acid 

(Z. J897) 

Dipldicia cdHC'^'CcHs (('afoUchta C(i//c-sCf//*), 
diploicin, m.p. 225'', calolcchin, in ]>. 2I4‘^-2I^^ 
and nlraniirin (Z. 1904). 

JJtplo'icIn^ft.'^ ,siri(p()'<d, di})lo.scliistc.sHic acid 
I90(>). 

ndocarputh inuiditum, (a) vuUjarCy phyto- 
slorol and an acid (II. 1898). 

Ever)H(i iltvanralu, divnricatic acid (II, 1900) 

( iiHinc acid (Z. J897); no usnic acid 
(H. 1911). d. j0fiimc€dy UHni<^ acid (Hochlcdcr 
and llcldt, Annalen, 48, 9) ; no usiiic acid, 
but crythiic acid (Z. I89'7), or rather oli-tctoric 
ricid (^* i900), pliysodic amd, physo- 

dylic Iicid ‘Old furcvoniiiiic acid 

(il. J907); at^-anonn, cvc'rnuric acid (Jo^tUiOs, 
and fui'ovennc acid, but no crythric or olivc- 
toric acids (H. 1900); cmuisni (HOii.s.scy, .1. 
Pharm. (diitn, 1898, [v.J 7, 577). K. pyutiudii, 
cvernie acid, ntranoiin (Z. ^897); cvcrnic acid, 
iiariic acid, and at»uiorin, and (dirysocctranc 
acid (H. Annalen, 1895) ('igllj40fl ; atranorin 
and evt*rnic acid when ^rowti on birch, fiines, 
beech, uandstojic; msiiic acid in addition when 
on oak (TT. 1915). E. Ihammjdei^, divaricatic 
acid, u.snic acid (A. 1897 ; H. 1900). E. vvlpirui, 
vulpic acid and atranorin (H.). E. dlyrua (Dal- 
matia), divaricatic acid and atranorin (Z. 1904). 
E. ochrole^ica, usnic acid (Knop, Annalen, 4J», 
122 ). 

Everniopaits TruUa, Halazimo acid and atra- 
norin (Z. 1897). 

Gasparri nvi ^ 'rn ed ia m ( PhyTicm medm7w ) 
oalycin, rhizocarpie acid (II. . 1898) ; pulvic 
lactone (H. 1903). 0. sy^npagm, parictin (Z. 

1906). G. flegans {Physcia dcijann), physcion 
(H. 1898), G. murorum, phyncion (H. 1898). 
G. decipitvs physcion (H. 1898). G. cirrhochroa, 
chrysophanio acid (Z. 1897). 

Graphis scriptay salazinic acid (H. 1900). 

GyaloUchia awelUt, calycm (Z. 1895), callo- 
pismic acid (Z. 1897), stictaunn (Z. 1899). 
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UnibUicaria pHstulata (Hoffm.) {Qyrophora 
pustulaia), gyroph^rio acid (Sten- 

nousc, Annalen, 70, 218) (JjgHj407 (H.). G. 
hirsiUay g3rrophorio acid (Z. 1898). G. demta, 
gyra'phono acid (Z. 1898). G. polyphylh, 

urnbilicaric acid ('2cH22^^o 1^98); uinbili- 

oario acid and gyrophoric mud (11. 1898, 1901). 
G. hyperboreuy urnbilicaric acid (Z. 1898). (E 
deitsldy unibilicaric acid (Z. 1898). 0. vvUea, 

gyrophoric acid and gyrophonii. m.p. 189" 
(Z. 1899). (E .spodochroa, var. deprrmi, gyro- 
phoric acid (Z. 1900). G. polyrrJiiza, umbihcaric 
acid, Iccanoric acid, gyrophoric acid (Z. 1905). 

Hcnmalommu rcafosam, divaricatic. acid 
I (J.jjHnBO-, m.p. 14*1“ (Z. 18*18); ,d-iumic acid, 
i divaricatic acid, and an acid rc.munbhng alcctoric 
acid (11. 1900), II. corcirienmy var. JeipJiieninvi, 

'• Icijiluciiiin, m.]). 193®, atranorin, zconn (Z. 

' 1902). II. c(H'cincui7i, var. aborhvuviy coccic 

I and ( m-l’* 2tt2“^pi#‘,'atfiniorin. 

j luciiiattoimn or tholl.istP, m.p. 

lit'’, and hieiuatommidiri, m.p. i94®-19()® 
(Z. I90:{); no zcorin (H. 1907). JI. cocciricum, 
var. (/), Iccanoric acud (11. 1907). W. rorcinewn, 
var. (?) (tiom Wildbad), coccio acid, atranorin, 
/(‘oiin, hydrolmmiatommin m.p. 101“ 

(11. JI. aHLinmmy busiiic acid, zcorin, 

, at rn norm, ]h>i pliyi ilhc- acid, hymenia’hoilin, and 
. Icipha'iiiiii (Z. 1*.)00), IL Iciphatmuiny atranorin, 
zconn, IciphaMiiiii, l('njhu?niic acid 
III |). 114-115' (Z. 1903). II. porphyrmm, 

atranoijii, zconn, [loiphyrilic acid, leiphmmin, 
hpncnorhodin (Z ItMHi). 

Pirhimna deaUxild. Nyl. f. corallinUy (v'roinb. 
{lsidi,t(tn corallmai/i) (‘whiic crottlo’), calcium 
oxalate ( Braconiiot, Ann.^Uhitn. Phys. [ii.J 28, 
319). 

Lcanwm aim, atranorin acid (atranorin) 
and a yellow crystalline substance 
(Pateriib and Dglndaro, (lazz. ehim. itfhl. 1877, 
7). Hesse. (Her. 10, 1324), considers the 

atranorio acid to be hydroiiarbonustiic acid, and 
! tho yellow substance to be cladonic acid. 

I Obtained fnirii certain districts it contains 
’ locanorol (Z. 1897) L. vana, 

\ p.soroinic acid and i-usnic acid (Z. 1905). L. 

I (jrtnno.sa, atiaiionti and hu'anorol (Z. 1897). L. 
j cen'uscdy atranorin and rocccllio acid O/17H32O4 
I {cp. Scliunck and Hesse, lioccclh tine Iona). L. 

! ffordidoy atranorin, zcoric acid (Z. 1897). L. 

I Ttordida, var. glancomay at^anfinn and parellic 
acid (11. 1898). L. soididay var. Swartziiy 
I atranorin, thiophanic acid CjoHflOja'H^O, 
j 242®, rocccllio acid, Iccastcric acid C\qH 2 o 04, 

I m.p. 116®, and lecastcride OjolIgC).,, m.p. 105“ 
j (II. 1898).* L. catn/peMriH, atranorin (Z. 1897). 

1 L. badiOy stereocaulic acid (Z. 1897). L. effunuy 
I attanonn and usnic acid (Z. 1897). L. mbfuscuy 
I atranorin (Z. 1897; H. 1900). h. epamruy 
zeorm and lepanonn, m.p. 1|JH°-132“ (Z. 1900). 
L. (flaucoyrM [L. sordiaa a.-glaueo>na) (from Tyrol), 
atranorin, thiojihamc acid, roccollic^ acid (Z. 
1903). L. .Hvlplimta, iKsnic acid (Z. 1903). 
L. parf Ua (‘ light crottlc ’), parellic acid, Iccanoric 
acid (8chunck, Annalon, 54, 257, 274; 41, 161). 
L tartarca (Lym.) {Pafdla7ia tartarea, Parmdia 
iaflamt)y crythric acll^^ synonymous with Nees. 
V. TIscnbeck’s ‘ remarkable resm ’ (Brandes’ 
Archiv. Ajioth. 16, 135), with Heeren’s erythrin, 
and with Kane’s erythrilin bSchweigger’s, J., 
Ch. Phys. 59, 313). 8chunck found crustaceous 
lichens" belonging to LecanorUy &c., collected 
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on the baBalt rocks of the Vogel sl)crg in Upper 
Heasia to contain lecanoric, and erythrio acids 
(Annalen, 41, 157). In a specimen from Norway, 

Stenhouso {ibid. 70, 218) found gyrophoric acid. 

L. veMtwa, usnic acid (Knops, ibid: 49, 122). 

Rhizocarpnn gc/u/raphicum, 1)1. {Lccidca geo- 

grmpAica) usnic acid (Knop, /.r.). Lccidea Candida , ^ , 

(Psora Candida), calcium oxalate (Hraconnot, | (not (’flHi/),), m.p. 192'^ (U. 1900). 

Ann. Cliim, IMiys. [ii.] 28, :U{)). L. cincroatra, j P. saxatilis rctiinga, atraiioriii, protucctraric 
lecidic acid C'^JIj/l^-COOMe, ni.ji. J47", and j acid, and saxatic acid in.p. 116^ 

Iccidol, m.p. 99" (H. 1898). L. sudeiica, sala- j (H. 19(I3), jiarmalic hchI and not protocetraric 
zinic acid (Z. 1899). L. conjltu ns. eontliietin, ; acid (If I91(i). P. phymks (or P. ccrafopJiylla, 

var. phii,si)d( s) is kiioMii as ‘ dark crotllp,’ and is 
omj)loyed for dyeing a brown colour on liome- 


(Ryan and O'Riordan, Proc. Roy. Irish Acad 
1917, 33,911). P. samlilis, var. sulcaia, atra- 
norin and stcreocaulic acid (Z. 1897) ; protoce- 
traric acid only (H. 1900), not protocetraric but 
pannatic acid (H. 1904) ; usnic acid (fSchniidt, 
Annalen, 51, 29). P. saxatilis, var. panniformis, 
atranorin, protocetraric acid, and usnetic ,acid 


m.p. ]47'^-148" (Z. 1899). L. //rnsy/Zn, gyrophoric 
acid (11. 1900). L, aghvolcta {L annenuu a, var. 
lutesceii.s), roficcllie and cef ratio acids (Z 1904). 

Leprana /alchtanini, ic])riinn, m ]) I V)", 
roccellic acid (Z. 1897), and atninoiin (Z 1900) ; 
(/-u.snic, liydrorucetdlH , l<'praiic, and Ialt4)r.iic 
acid, s On.]). 208 ') and at r.tnonn (II. 1903). L. 


s[)un woollen yarn, ('ontains ])hysodin and 
I wo coloutlc.ss .substances (Oerding, Brande.s, 
vVreh. Phaim lik] K7, I), ceratojdiyllin (11. 
Anmden, 119, 303) , atranoiin, physotlalic acid, 
and ])hy.sodahn (Z. 1897 and 1898); evernnric 


flava^h'i}^..*, ''inastiic acid, eah'cijit III (Z. 1903) . acid, jiiiy.sodylic acid, cajiraric acid, and atra- 
L. xauthnia (ftatn Vorai Ibctg), phy.sciou (||. 'norm (11. l!)07). J*. partdina, cliry.sojilianio 

1900). Vv. (liadmi- Ihuleii), atninonii, I acid (Rocldcder and Hcldt, 48, 12) identical 
lepranaic acid, oxyroccellic acid, and nt'obraic ; with 'riiomson’s (li)diD. Ne^v. I’liil Jour. 37, 187), 
acid^( 11. 190(1).^ /a cal^\iuu (Z. lOtM))^ also (U. 1893) phy, scion CioHjgOj 

! |ih\.s(.iamn '*'d^- 143 and ])hvscjoI 

il.vcni jC.II^O,, m J). 107Z A variety of J\ paruiina 
I growing on sandstnui* rock and not on tree.s 
I like that of ItochlediT and llcldt, contained 
/ulj)ic a<-id (clirvsopieiiii) Stian (J. jir. (^hein. [j.| 


Jj. chloiiua, ealycni (Z. 1893). 

]jcp)u rar/dclans {U prana flara), ( 


('iJli.OpOll, 

m.p. 240‘^'-242'' (11. 1898). 

Lcpranlha luipalild ( tillionia pnanosa), leca- 
noric acid, lc[iraiilhin I ,o< > 10 . ni.ji. JS3'', 
Icpranthaic acid (.bullj„'o,, in ii lit iJi>^' 
(Z. I<M)4). 

Mgroblasivs sangiiiitarins, caperatic acid and 
atranorin (Z. 1899). 

Mcncgaizia pcrliisc (Paniidia finitnn), utia- 
norin and fariiiacic acid (eajiraric and jiy.sodic 
acids absent) (II, 1907). 

Nephroma arcticum, /.(‘omi. iK'jihiin, and 
d-usnic i.:cid (Z. 1!I09). A. antarriicum, zeorin 
and f/-usnio acid/Z. 1909). N. panic, zt*oiin and 
niannitol (Z'. 190it). A', ics-njn/ialnm, mannitol 

(Z. 1909). N. l<rvi(jatiun, mannitol (Z. 1909). 
Nvphromiam, laungatum. ii.snic acid and 
neplirin ni.]). 108^ (11. 1898). N. 

lommcnfosuw, usnic acid and nejihiin (H. 1898). 
N. luNiInviciim, ne})hrin and n(M>hiomiii(h„H , „0,„ 
m.p. 190® (11. 1898). “ 

Orhrolcchia androf/yna {Lcranora snblarlarcn), 

gyro|)horic acid and calyciarin (Z. 1903). t>, 

pallcsccm, var. parclla (from Auvergne), parellii; 
acid and oc.hrolec.hiasie acid (A Jl^Og, m.p. 282® 


j 93. 3t)0). ]\ captKda (‘'.stone crottle '), (‘innlsni 

I (Ilerissi'v, J. IMiatm. |vi.J 7, 377) ; capratic acid 
, ( '.ollj J )y(('()()H )_,, 111.]). 240’, iisnic aeid, 

I ca])oratic aeid (XiOMe.Ojylf ^ '^.((HtOir)^, m.p. 

, l32'. and eapcnii m.]). 243® (11. 

, 1898), d-usnic acid (K. 1900), .sjii'cimens from 
' naks eontain ea]ieim and eapendin 111 addition 
, (II 1913). P. lapaaia iiom ('adanca cc.sru, 
usme, (ajir.iije and caperatie acids (H, 1904). 

■ conuposa, iiHiiie aeid, /(‘oiin, and atranorin 
, (Z. 1898), usme aeid and sfdaziine acid (11. 

, 1898); J-usnic acid and ► r.)UsjK'rsaic acid, 
m.p. 232’ (II. 1903). P a( (labidtim, atra- 

noiiii<(Z. 1898); atranoiin and salazimc aeul 
(II. 1901), y*. (X( H’seems, /.conn and atranorin 

(Z. 1898). J\ pcrlata, van ( nnsTc'/w, atranorin 
(Z. 1898), y*. Nilg/icrrcnsir, atranorin (Z. 1898). 

J\ pctjorala, zcorm and atranorin (Z. 1898); 
lecaiionc acid (11. i<)00), p, oliccforurn, atra- 
iiorin (Z. 1898); lecanoric ai‘id, hut no erythric 
acid (H. 1900); oMctonc acid ('o^Ilg/V m.p. 
I4P-142 , (Z. 1902); aVanorin, olivetorin, 

m p. 143®, and olivetoric acid (R. 


(K. 1900); but no lecanoric acnl (.or Sciiuiiek, | l‘M)3). J\ pirtn-'fo, ])hy.sodalie aeid (Z 1898) 
Annalou, 1S45, r,4 274) (Z. IHiW), (). Unlana, \ ntranoriii ,m,l 1,-oiiioric aui.l (h! 

gyroplionr ncid (/. 18!)8). 181)8). fulft/numi, var. fcrriwtnmccniy leoa- 

I mmria,lnni,,pjio-<n liy(ln,.vjT(.(','flli,- and none, avid (Z. J8<)!l). C. ym/nridiato, unknown 
(-1,11 ,,(>5 ni.], 128 , and ]mnnariv avid (',11,0., ; avid (H. 181)8). nlmn-s. cverninic acid and 
m.n. 224 tH. Httll^. i ..4 ..i.. /•j\ /u t. 11 , . 


m.p. 224" (H. 1901). 

Parmcha nlc unties, atranorin (Z. 1897). P. 
tihacAa, atranorin arid jiarmeiialic acid, m.]). ItiS® 
(Z, 1897) : the latter is m reality leeanorio acid 
(H. 1898 and 1900). P. pcNata, atranorin and 
hamiatommu! aeid (Z. 1897); usnie acul, leca- 
noric aeid, and jicrlatin (H. l‘)(H>) ; imliriearic 
acid (Z. 1902) ; no lecanoric acid (H. J903) ; 
atranorin and pcrlatic acid C'3 JP.09*0Mc,2JI .6 
(H. 1904). J\ pcrlafa from ecrlain sourctwi : 
(.1) atranorin, (b) atranorin, usme, and vulpic 
acids, (r) atranorin and Iccanonc acid, (d) 
atranorin and pcrlatm CigHi^OrJOMe)^ (U. 

mxntilis, atei'cocauhc acid ami sala- 
zinie acid. Latter ebief dyeing constituent 


atranorin (?) (H. 1898) P. ompJuilodes {P. 
saxafihs, var. ompJuilodes). Under the name of 
‘ black crottlo ’ this lichen is employed for 
dyeing \t brown V.olour m the outer Hebrides 
(Lewis and Harris) ; contains storeocaulic acid 
(Z. 1899), atranorin, usncticv^aeid, parmatic 
aeid and (Knop'fe) lobano aeKr(?) (H. 191(1). 
P. hliacca, var. scortea, lecanoric acid (Z. 1899). 
j P. vcrriicdifera, lecanoric acid (Z. 1899). P. 
glomellifera, glornelliferm, m.p. 143®-! 44® (Z. 
1899 and 1902). P. iucurva, u.snic acid (Z. 
19(Mi). P. Borreri, lecanoric acid (Z. 1900). 
P. sorediata, diffusin (Z. HHX)) ; lecanoric acid 
(H. 1900). P. iinetonirn, atranorin (H. 1900). 
P. tinctorum (PI Africa), atranorin and lecanoric 
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aoid (H. lOOC). P. tinctorum (Madras cinchona ; 
bark), atranorin and lecanoric aoid (H. 1904). ] 
P. glabra, lecanoric acid (H, 1902). P. lamr- | 
ncmia, irnbricaric acid (Z. 1902). P. sinuosa, j 
d-usnio and usnaric acids (Z. 1902). { 

Pnrmelia atrata (Java cinchona bark), } 
cetrataic acid m.p. 17S"'--180® (II. ■ 

1903). P. ohracefiy olivcacein {'jdljaOe-HjO, 
rap 15(>^ and olivcaecic acid (^gHipO^-OMc, ; 
ni }). 138^' (H. 1903). P. r(mluta, atrainirjn and j 
gyrophoric acid (Z. 1905). I\ pihtsclla, atra- i 
noriif and pilosellic acid, in.p. 245'' (Z. 190.5). 

P (/-usnic acid (H. 1909). 

PtJhfji’ra (iplJui'^a, ])cltig(‘rin (or 

m.p. 170 -180'', and nmmniol (Z. . 
1909). P. VKihicea, ]ieltigcrm, ycorin, and , 
raanniiol (Z. 1909). P^/i()n.:onbih<, }»rlligcvin, 
zeorin, and Jiiannitdl (Z. 1909). P. poli/dfK Igla, ' 
pcltigcian raannjltil, ])(il) dactylin, in.p. 178'- j 
180'', and ])clt]dactvlui. in p. 237"-240". P. ; 
ccmsrty ])eltigcrin. J*. .saiiausd, pclligcrii* p. 
propidjiiUJcni, pcUi'jciin and •/.('orin. P. tfpido- 
plinra, iicltigraan. J*. prat 1<\t fata, raanmtol. P. 
ri(f(srcnsy raanmtol. P. ^piina, raunintol. P. 
v(i.in'n.a, caninin (Z. 19011): (<innlsiii (llorissc’v, 
J. Pharin. (’hnn. |\i {7, 577) 

iVrtusaria licJicns on bciadi craitam picio- 
iiclionhi and salazmio acid, on oak (oniains 
no picrolichenin (li. 1910). Pctlnsana atmia 
(/'. ('Oinirnnns jpranojo.'^d, ] '<n lolai i<i (nixna), 
emulsin (Hcrisscv, l.r.) , cciraric acid, jicitusaiic 
acid 103", ]nninsann ( 1 

ni.ji. 23.V', jicrtusaicnc (' 00 ^ 100 ’ !>• 28(i‘,’^nd 

])cj'tiisavidm (11. 1898); salazimc acid and yiicro- 
Jichcnin (Z. 1900 ) ; oibicniatic acid (JL 

1901). /\ hirtfd, loc.anoiic acul and Nanolaric 

acid, m.]). 285 (Z. 1902) P. huird (htciilc 
Auvergne), lecanoric a( id and ocliri'li'cliiasic acid 
(11, 1900). J\ corrdludi {P. onJIata fi-coraUmf), 
oci'llatic acid (' 20 I P- -98' (H. 
1901). nijmin'i (J\ /'am III inns f^-an olala), 
arcolatin OAle, in.]). 270", areolin, in.]). 

243', and gyrojilioric acid ('loiluO^ (Jk 1903). 
P. (ihnitraid (IVildbad), ])orin ('^..Hg-OgOMi', ! 
in.p. 100", and ponnic acnl 2|(',,H ,.,()4|,H.,0, i 
in.]). 218" (I*. 1903) P. II dlfvdn {P: .iilfdira, ! 
P. isdlphun lid, P. fdlld.i), thiophanic acid (Z. 
1901). P. Inlisioi^, lliioplianic acid (Z. 1904). j 
P. ocilldtft vdnolo''(i, alranorin a;id giyoplionc i 
acidPgJLiO,^ (11. 19I0)« ‘ ! 

Pldcodium gii]^ac('nin, sqiiaiuark ncid and ■ 
usnie acul (Z. 1898) ; parcllic acid, but no usme , 
acid (H. 1901). P. chru'iokuCd III, umMc acid ] 
(Z. 1898). P. ,s(Lri(’oltiifi, var. i nlgurc, usnic ! 
acid ami zeorin (Patern6, Atti. 11. Accad. 
Lincci, 1870, [ 11 . ) 3); zeurin, but no atranorin 
(If 1898), d-usnic acid (II. 1900). P. ,'taxi- ' 
coluni, var. coiiipnctuiii, atranorin tH. 1901). I 
P, mddnaspi^, atranorin (Z. 1898). P. Lagasca-, 
psoroinio and usnic acids (Z. 1897).. 

Placodiurn crasmm, atfanonn (^.race), l- 
iisnic acid (H. 1901 ). P. ctrciiuilum (a) radiosmn, 
salazinic acid (//. 1902). 

Physcia cfliaris, eniulsin (H6ris.scy, J Pharm. 
(diiin. [vi.] 7, 577). P. cwluroccinu, zeorin and 
atranorin (Z. 1 895), rhodophyscin and endococcin 
(Z. 1905). P. cucHid, zeorin and atranorin (Z. 
1895); atranorin and zeorin (H. 1902). P. 
stellar U, /. adserndew, atranorin (Z. 1895). P. 
panetim, atranorin and placodin, ni.p 245° 
(H. 1899). P. parienta, physcione (frangula- 
emodin mono methyl ether (Ryan and O’Hior- 


dan, Ic.). P. medians, vulpio acid and calycin 
(Z. 1896), calj^ciii ipid callopismic acid (Z. 1897) 

P, pulverulenifi, var. j8-pt0yrfa,atranorin (Z. 1 895) 

Pliyscia tenella, atranorin (Z. 1895). P. 
aipoha, atranorin (Z 1895). 

Petraria glaiica {JHatysvia ghiucuw) atranorin 
^nd capcratic acid (Z. 1899). ('elraria r,uciiHdtd 
{P. ciiciillatum), liclienostearic acid and usnic 
acid (Z. 1899). P. dilfmuni, diffusin, m.p. 
135 ’ 130", and usnic acid (Z. 1899). 

Plropsidni'in chhrophdnum, rhr/ocarpic acid 
(Z. 1895). 

P'd udei'criiid crieftornm, atranorin, ])h\so- 
dalin (Z. 1905) 1\ divcionna {Pixrmd furfur- 

dr<a, \ar. rhvdorina), ntrunoiin^nd olnctorii' 
acid (H. 1911); olivoric acid and 

a])o-olivoiic acnl (H. 1910). 

P.soyu ostredta, lecanoric acid (Z. 1899). 

J'dlverdrid rlilonud, <-iilycin, viiljiic aiad, and 
Icprarit acid, ra.p 228 " (14. 1 
atianonn, yuui'lhc acid, latemdc, m.p. 128'', 

I and ]uilv('rin, m p. 21)2" (11. 1898). i*. fiirniasa, 

. oxvrocccllic acid, and yralveraric acid, m.p. 234“ 

. (11. 1898). 

' J^yciwtlidid (Pladoii/d) jiapillnrid, var, nwlari- 
i formis, atranorin, cladoniii and proto-a-liche- 
; steal ic add (H. 1915). 

Rdplnuspoid ftdKinirseais, rhizocurjiic acid 

;(ZlKiir,). 

Jidiiidhild ('dh(d.ns, \ar. fdsligiald, contains 
large (pianiiticK of slandi (liclicnin) and a siiuill 
' ipiantity ot .saddiiinc acid (Bcizclius, Scherer's 
Aim.ilcn, 3, 97), iiMiiic acid (Rochleder and 
lleUlt, ilnd. 48, 9), P. cdlicdus, \iir. jrna'inca, 
1 liclidiin and nsnic acid (K. and R. he .) ; o, -usnic 
j acid (llessi', Annalcn. kl7, 297). P. rcnichis, 
u.snic acid and iisnaiic acid (IJ. 1898). Ih 
aniionea, atranoiin, aitiioricaic acid, in.]). 240"-- 
, 200 ’, arinoric acid (‘,^,11 ^0, m.]). 220 • 228° 

; (11 1907). P rnspidaia, cusjiukitic acid 

m.]). 218" (11. lyOO), tZ-usnic acid 
(Ryan and O’Uiordan, /.c.). ^h fanndcea, 
(/-u.snic acid and rainalic acid (b.pIKpOjj., m.p. 
240''-4i45“ (11. 1903). Ti, subjanidd'id, (/-usnic 
acid and salazbiic acid (Z. 1907). Jh intniisciild, 
(/-u.snic acid (Z. 1907). Ih Knllemls, (/-usnic 
acid, kullcnsisic a<id (^- 1^07). Jh 

ohtusdid, (/-usnic acid, ramalmellic acid, m.p. 
109°, and oLtusatic acid (Z. 1907). Jh J^ndro- 
easts, (/-usnic acid and landroensm (Z. 1907). 
J{. pollitiana, rainahc a^id ('ijH , 30 .,OMo and 
eveniic acid (Z. 1897); usnic acid, atranorin, 
cvernic acid, and rainalic acid (14. 1898). •//. 
fdskgiala, cinulsm (Hi^Tissoy, J. Pharm. Phim. 
1898, fvi.l 5, 577) Jh frariitea, ciniilsiii (fl/*ris- 
sey, ibid,y Ji. jiolymorpha, usnic^cid (Z. 1897). 
//. snipuhirum {sec Thomson, Ariiinlen, 53, 252), 
(/-u.snic acid, sco])ul()nc acid m>P- -50° 

(Z. 1907). Jh thrdd.sld, usnic acid (Z. 1900). 
Tt. yemends, d-usme acid (J^I. 1902). 

Jieinkdla fnrdhiia, nxccllic and ovyrocccilio 
acids (H. 1 898). • 

/ihizocnrpoii. gcogiaplunun f. configuvrn, 

\ parcllic acid, rhizome acid PiqHoqO?, m.p. 185°, 
|rhizocar])ic acid P.,sH 2 iR 7 1898, 31, 

I 003), rhizoniy; acul is ()Mc ('j Jlj 402(014 )jCOOH 
fll ). H. (ffoffidphifim f. letuwirvmm,, rhizo- 
car|uc acid (Z. 1895) ; parelfic acid, rhizocarpinio 
acul, m.p. 150°, rhizocaryuc acid 

COOH-O^JlijOg-OOOEt 
ra.p. 177°-178°. Parcllic acid 

OOOMe€, 7 Hii 03 (OOOH), 
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m.p. 262®-266*, is the same as Zopfs psoromio 
acid, and the squamario aeid, and zeoric acid of 
other writers (H.). geographicum f. geronti- 
cum, parellic and rhizocarpio acids, but not 
rhizocarpinic acid (H. 1909). 

Jthizoplaca opam {Lccnnora chrysolcuca, 
fi-oparji, Purmpiia ruhina B-opaca, Bqnamarig 
ckrt/solenra ft-opaca), usnie acid, placiodilic 
acid (proviouHly termed placiodilm), and rhizo- 
pla(dc acid m.p. 94” 95' (Z. 1905), 

nsme acid ami piaeiodilio aeid m.p. 

150 '-! 57" (Z. !90(;). 

Itarcella fiirij'iv {Ji. fittdoria, var. fitci- 
fornii'i). 'I'liiH woli-kmtwn ' oniliclla wc'cd ’ is 
im})<)i't(‘d iroi*! Angela, Zanzibar, J\]adagaM-ar, 
Ci'vloii, and lama lor tlm purjm.si^ of manu- 
factiiniig aroliil and ciidboar. ft contains 
cryilinr acid (ffccrcn’s (ryihrin, Kane’s crylli- 
rilin) imd rocccllic acid (SchuncL, I'iiann. ,1. jiii.J 
.'19, 104^ AThr J<pi, (il, hi ; Kane, 4’raif.. Itoy, 
iSoc. IH40, 27.4; lleeren and Schwmggers, 
j’liai m. ( !lum 59, .‘U(i) Stimhoiisi' (Annalim, 119, 
2SH) examined a Lima wi’ed in and found it 
to contain leiunorn acid, but tins was probably 
/i'. and not identical with thi* A'. 

farifo) /tn‘! f'Muuiui'd liy fiim in I H(>9. and in winch 
he iound erythrie acid, t Vmiiiaro Uchho (Annalen, 
117, 429, and 149, 22) vNdio ioiiml Limn wishI to , 
eontain eiythue ni id, but not l(‘eanoiic acid 
Htenhouse coiihidets the A\ MoiUatp'i i Ijom 
Angola, in wJiieli lie found ('rythiio acid to be 
identical with A', f t actor i<t, \.ir. funfonais^ o\- 
aaninod liySchnnck. A stunted \arictv old*. 
fiiofonaas, examined b\ Mimschutkin and Jann- 
partcr, contained /Aervthrin. in a lictter grow - 
mg Kjieeimcii ('rythrin -ftas obtained (Lanqiarter. 
Annalen, 144, 244). A vaiictv o( I{. fitcijonnf<, 
jirobabiy from the west coast ot Airiea, con- 
tained cry! line acid ami a bitter substance jnero- 
rocci'llin tritcnhousi' and (d‘o\es, dud. 185, 14). 
More rcceutly liu'-ise (JS9S) has found the weed 
to eontain eiythne. ai'id and o\yrmcelh(! add. 

HocCiUa Montagin I, eiytlino acid and oxy- 
roccellic acid (H. IS98), orcinol (TioiAcray, 
Bull. So(', ('him. 1901, III, 1097). li. Jrul^co.sa, 
erythijc acid (orythnn) (11. Ihn. 1904, 47, 4094). 
A’, phycopsif! (Oetel, erythim, oxyroceellic acid, 
oxalic acid, and er>thntoI (H. 1900). A', pern- 

emia {R. fructcciosd and R. ciicticola), erythnn, 
oxyroceellic, and roceellie acid.s (H. IS98), 

erythriri, erythritol. i^'d oxalic acid (11. I90(i), 
R. portvntom, Iccanorie aeul (11. IK9S), A'. 
deihpiens, lecanorie acid (IL 1S9H). R. bnicjma, 
lecanoric acid (11. 1898). 

Roccdla iindorw. 'Fins lichen used largely 
for tlie manut'actane of orchil and cudbcai, is 
imported from the Clape of Uo(’>d Hope, tlu' 
(k})0 Verdo Islands, and (’hile (\’al])araiso Weed). 
F\)rmerly it seems to have been imported also 
from Lima (Stenhouee). It contains lecanoric 
acid (Stenhoiise’s a- and ^-orsellie ncid) and 
roceeliinin. I’he lattei is, ho^fv'cvor, probably a 
decomposition product of the former (Stenhouse, 
Annalen, 08, 55 ; Idth 288 ; Bhil. Mag. [m.] 42, 
400). According to Jlesse (1898) it contains 
erytlirin, oxyroceellic acid, roccelii^ acid, and 
lecanoric acid, whereas Ronceray (Bull. SotA 
chim. 1904, [iii.j 41, 1097) detected in tliis lichen 
the presem*e of lecanoric acid and orcinol (171. 
Hesse, Bcr. 1904, 47, 4094). 

R&rcdlaria intnentn, zeorin and roccellaric 
acid, m.p. 110" (H. 1898). ' 


Sqmmaria elegans {Oa^parrinia elegaiM), 
ohrysophanic acid (Thomson, Phil. Mag. [iii. j 26, 
39 ) ; physcion (11.). 

1 Solorina crocea, solorio acid, ra,p. 199*^-201® 
1 (Z- 1895); solorinic acid, hydrosolormol and 
' mannitol (H. 1915). 

I Sphccrophorus fragilif^, sphseropborin, m.p. 
1 148”- 139”, and fragilin (Z. 1898), sphiBrophorin 
I or (L 8 Ha 4 ()(„ Bplimro])horic acid, 

' m,j>. 20<>"-207A and fragilm (Z. 1905), 

Sphyridiiim placophylluni , atranorm (Z. 1 898). 
I StcrconiiiJon alpitmm atranorin, and sToreo- 

' cauhe acid, m.p. 200” 2(H" (Z. m5). A. 
coudlouk'.^, atranorin ami psoroinic acid (Z, 
I.S95). usnctic acid, atianoiin, and an acid not 
jisoromic acid. Zopt’s .steicocaulic acid from 
iS'. alpiviiw IS lisnetic awd (IL J90()). A. iverus- 
itdam, atranonn and psororiiic acid (Z. 1895). 
>V irsuvtavnw, psoroinic acid (Z, LS’95), A. 
d< /n^/dium, var. gcfutininti at ranonn (Z. J895). 
A. lonK'ntosum, atranonn (Z. 1895). A, piUaiuiti, 
atiaiiorm ami stereocaiilic acid (Z, 1895 and 
1899) A. eo//A atranonn (Z. 1895), A 

li((l( , atraiioim (Z. 1895). A. virgntum f. 
jyniunrid, atranorm (Z. 1895) A, raniulosiDn, 
atianorin (Z. 1895). A. salazinuni, salazinic 
acid, whicb blackens at 200'’- 202" (B. 1900). 
Stereoc.uilic aeid appears (o be ideiitii'iil with 
stictau acid ( Ihirgclbni and Monocada, (liiz/etta, 
J<»2I, 51, 11 . 174) 

A//(/'i f iihqi tioaa, trimethyla mine (Z, 1897). 
A. aufdld. .stictauiin a. (lenvativo of pulvic acid 
(Z.,LS99). Stictannij has tlic foiinnla Lj^lljjOg 
(II 1900) A dx.'^joidtuuil, (Miyciii and ethyl- 
jnilvje acid (H 1900). A pnlnidiuirid . stictaic 
a( 1(1 "’-P- ‘-(if, stictimo acid (Kiioj) 

and Acdincdci munn, J. jir. (’hem. 184*), 49, 
405), and not proto('(‘iiunc acid (II 1900). 
This b(4icn is known as ‘ hazel crotth'.’ 

Siiclnia qdva, stictmm, m j). JtiO’^llil” (Z. 
1905). 

Thdiininhd, rrniiiniJd) k, Ihainnolic acid, 
m.p. 2ft'2"-204" (Z., Clieni. Zcnlr. 1894, n. .74). 
According to Jh'sse this lias the formula 
t'jftllijOio’OMe (1898 and 1900). 

Tluillwdcuid aiadidin/t, probably lecanorie 
acid (H. 1898). 

Thfdloachidca jlavicans, parictin (Z. 1905) 
(Brittany) ; physcion and aiTomelin (11. 1,907). 

Tdruab^ma rftrya})phlhnlma, jihyscion (H. 
1907). T.tfhwicmi.'t, var. cmccd, physcion (H. 
1907). T. ffavicaiis, var. acromda [Rhysem 
ocrorndd), acromelni m.p. 242", and 

aeromelidiii (\ 7 lK„ 09 , m.j). 102" (H. 1907). T. 
dit) icnna, \ar. rnnTU.srt’»uv, physcion and aero- 
melin (11. 1907) 

Vvdnhcaria puatidatu {Gyrophota pusiidaia), 
gvrophonc acid (Pujniytj^ (?) (Stenhouse, 
Annalen, 70, 2J8; Z. 1898; H. 1898). 

Uinolaitd lichens, collected from the basalt 
rock of tlVe VngelsBerg in Upper Hessia, contain 
leeanonc and erythnn acids (Schunck, Mem. 
Chem, Soe. 1, 71). 

Urceolnria scruposa, var. vulgaris, atranorin 
and lecanoric acid (H. 1898, 1904, 1907) ; 
patellarie acid (Z, 1902). 17 . creiacea {U. 

acrupojid, var. gypsacm), lecanoric ncid, and 
2 )alettaric acid (H. 1898, 1911 ; cp. Zopf, 1897), 

Usnta larbata {Lichen harhatus, Farmelta 
harbata), usnic acid (Roehleder and Heldt, 
Annalen, 48, 8; Stenhouse, ibid. 155, 61) and 
hchenin (Berzelius, Scherer’s Annalen, 3, 206 ; 
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Heflse, Annalen, 137, 241 ; Ber. 10, 1324), iisnio 
and barbatio acids (H. 1898) ; emulsin (H^rissey, 
J. Phann. Cbim. [vi.] 7, 577). U. barbata t d-asy- 
poga^ usnic acid and usnaric acid 
ni.p. 240°-260'^ (H. 1898), d-usnic, usnaric, and 
alectnric acids (H. 1900) ; barbatic, usnic, and 
usnaric acids, but no alectoric acid (Z. 1902) ; 
alectoric acid (H. 1903). U. harbaia^ var. 
ceratitutf usnic acid ra,]). 195'^- 190'^, 

and barbatin (H. Annalen, 1895, 284, 157). V. 
barhatff. a-florida^ d-usnic, usnaric, and parcllic 
acids, and usnarin (fl. 1902). b\ aratinn, usnic 
acid, barbntic acid and barliatin (H. I8!KS). 17, 

ccratim (Black Purest), l)arl>ati(i and usnic acids 
(Z. 1902), d-nsnic ncid, barbatic acid, and 

barbatin (H. 1903) (.Ia\a cincbona bark), d- 
usnic, usnaric, and partlbc acids and ccialin 
(H. 1903). /k ('(ralnui fi-hiria, Bolivian, d- 
usnic, usnaric, plicatic. and liarbatic aculs 
(11. 1903). U. barhnta {ft-) hirhi, d-ij^snic, 
usnaric, and barbatic acids, and u.siiarm (II. 
1902), atranurin (It. 1901)). U. barhnta {ft-) /nrta, 
(St. Thomas), d-nsiuc and usnaric acids, and 
santhomic acid (-iilli40,,, m.p. lOir (II. 1902). 
U. hiria, usnic acid (Knop, Annalen, 49, 0)3), 
usnic acid, ah'clonc acid, hirtic ai id, m.p. 98*^, 
and birtollic acid (m.j). 215'’’ decomp.) (Z. 1903). 
U. rcrniifa, fl-usmc and usnaric acids (Z. 1902). 
(\ bwgisHinat, barbatic and usnic acids (Z. 
1897 ; If. 1898). U. lom^SKinni (Irom Amani), 
ramalic acid, d-usnic a< id, and dirhizonic aciil 

fiorda, usnii! acid (Knop, Annalen, 49, l(>i)) ; 
iisnic acid and liirtelli(! acid (Z. 1904). U. 
fichridcri, d-usnic acid and usnaric acid (Z. 1905). 

U. /nicrocatpa, d-usme, acid and usnniic and 

(Z. 190.5). U. arlicidata, var. nitr.'^ti/iilornn.i 
(Indian cinchona hark), d-usnic acid, barbatic 
acid, and articulatic acid (0 (H. 

1907). Jk pUcata, d-usnic acid, usnaric acid, 
usnarin, and ^ihcatic acid C2oH.',nO(((OMc), 
m.p. 133° (H. 1900). U. scriipom, atranorin 
and locanonc acid (Z. 1902). • 

Pcrtusaria dfalbata, Nyl. ( bariolarla draUmta, 
Lichrn d('albaliL'<), vanolarin (Ilobiqui'f., Annahm, 
42, 2.30 ; 58, *320). SciiuiK'k lound cru.staceoua 
Vanolana eqllectod on the, basalt rocks of the 
Vogolsberg in Upper llessia, to contain Iccanoric 
and orythne acids. 

Xanihoria panetiiui ^{Parmrlui paridhtay 
Phy.'icia punVOkia),* atranorin and pkyscion (H. 
1898, X. lyclinm, physcion (H. 1898), X. 
Candelaria {X. coniroversa, X. hichned, var. 
pygmcea, X. 2*f^detina, var. lyrfnmi), jiane.tin, 
m.p. 202*^ (Z. 1904). ’ A. G. P. 

LICKNER’S BLUE. A silicate of cobalt and 
potassium. A variety of smalt ; v. Cobai.t. 

LIDDITE V. ExPLO.sivica, 

LIEBERMANN and KOSTANECKPS RULE 

V. Colour and Chemicai. constitution. 
LIEBERMANN*S REACfflON Phenol 

AND ITS HOMOLOOUE.S. 

LIEBIGITf, Hydrated carbonate of ura- 
nium and calcium occurring as a thin green 
coating on pitchblende (of which it is an altera- 
tion product) from Adriaiioplo m Turkey, 
Joachimsthal in Bohemia, and Johanngcorgen 
stadt and Schneoberg in ISaxony. A determina- 
tion of the optical characters of the minute 
crystals (K. 8. Larsen, 1917) suggests the 
identity of liebigito with uranothallite of which 
the formula is Ca2U(COg)4TOHjO. L. J. S. 


LIEGE BLACK* Blvs black v. Pigments 

LIEN, LIENADEN v. Synthetic DRUGS. 

LIEVRITE V. Ilvaite. 

LIGHT CARBURETTED HYDROGEN. 

Marsh gm v. Methyl. 

LIGNIN (LIGNOSE) or 

(Paschke) (C4oH4flGi5, Beclauann) may be pre- 
pared from straw by treatment with alkali 
carbonate, precipitation from llie extract with 
acid, and purilied by rcpi'atcd solution in 
alkali and rcprccijiitation with acid (Pasclikc, 
Zeitacb. angew. Chem. 1921, 34, 4()5). A con- 
stituent of woody substance, jute, acrogens, &,e. 
The colour rc.Tction produced wlu'u wood is 
treated with jihiorogiiicinol, p-mt 4 ‘oa»ilin(', l'cc., 
IS not due to lignin, but to aldehydes, mainly 
conifcraldchydc, accompanying the lignin 
(Crocker, J. liid. Ung. (3ieni. 1921, 13, 925). 

Lignin liciitcd witli ten or twelve tiTjjes its 
wciglit*of ])otassiiim liydroxid^ii^.' 49 mmulcs 
at 28(b’ gives a 29 p.c. yit'ld of oxalic acid. 

LIGNIN DYNAMITE e. Explosives. 

LIGNITE IK PnoL. 

LIGNOCERIC ACID ('...ILi^COOU. A wliito 
crystalline solid, m.p. 89‘.5", lound in the solid 
jiaralHn obtained fiorn beeehwood tar (Hell and 
Hermanns, Ber. 1889, 1713) ami in earth nut 
oil (Kreiling, ibid. 1888, 889), Found among 
the jiioducls of the dry distillation of oak- 
bark. Soluble in alcohol. Forms a lithium 
salt sparingly soluble in methyl alcohol by 
means of whicli it may lie put died. 

LIGNUM COLUBRINUM r. Nux vomica. 

LIMA WOOD. A variety of Brazil wood {q.v.). 

LIME V. Cali’Tum ; also (Toment.s. 

LIME, BISULPHITE -OF, (7.y.ciUM. 

LIME BURNING e. Calcium. 

LIME, HYDRAULIC, a. Cements. 

LIME JUICE. Analyses of limo juice made 
by Huerro (J. I’liarm. Chim. 191!!, 29, 5) 
yielded; sp.gr. J -952-1 *9 (’>4 citric acid, 7-0- 
7'5; malic acid, 9-59-9-(i9 ; tarCario acid, 0; 
sucrose, 9 *49-0 -.59 ; invert sugar, l•8~2•0; 
pi'ctnfk. &c., 0-40: ash, LG- 1-8 per 100 c.c., 
V. CTriiic AoiD. 

LIME-OIL V. (bus. Essential. 

LIME, SUPERPHOSPHATE OF, Calcium; 
also Feutillsers. 

LIMESTONE {Kalkslian, Ger. ; Cnlcairr, Fr.). 
A rock comi»08od essentially of calcium carbonato 
(CatJOg) in the form oj^ the mineral calcite. 
Owing, liowever, to the frequent presence of 
mechanically admixed impurities and to vafia- 
tions in texture, the rocks of this class exhibit 
wide differonce.s in character (?;. Marble, Chalk, 
Lithookaphic stone, Marl, Travertine). • A 
snow-w'hite crystalline limestone — i.e. a statuary 
marble — is quite compact, and is pure calcium 
carbonate, consisting, in fact, of a granular 
aggregate of calcite crystal). With the admix- 
ture of clayey material there may be a gradual 
passage through* argillaceous limestone to 
calcareous mudstone or to an incoherent marl. 
Other limeBtones, containing mechanically ad- 
mixed imimrilics of various kinds, are described 
as siliceous,* sandy, carbonaceous, bituminous, 
N-n-ugmous, and imosphatic limestones. In 
dolomitio or magnesian limestones, dolomite is 
pre'-imt in addition to calcite. Sp.gr. 2*6-2’8 
for the denser non-porous varieties ; crushing 
strength, 200-800 tons per square foot. The 
following analyses are of ; I, Bluish-grey, compact 
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crystalline limestone of Carboniferous age from 
Horton quarries, {Settle, York sbire ; a Iso ICO r,, 0 • 1 7, 
MnO trace. II, Carboniferous I>imestone (‘ i fop- 
ton Wood stone’) from Hopton Wood quarries, 
Middleton, Herbysbire. Ill, l)ark-( ream, coarse- 
grained, granular Jimeslone CMiH-grit ^\eatber- 
sfono Inferior ih>]ite, from Leckhnmjiion 
quarries, (’be/tenbam, (doueesfer'slnre ; also 
FeO J\,() t-Na,() IV, Cream- 

coloured, eoarse-gi allied, granular limestone, 
Croat Oolite, from Fox Cround quarries, Falli, 
Wiltsbin*. V, Jiigbt dove-eoluured, (iiK'-grained, 
granular limestune troin I’ortland, J torsetsbinx 
VJ, Yollowisb-brown siliei'ous liiiu'stoiu', rjijMT 
( )()lite, froif'i ( Jlplmarlv quart les, 'risluii \ ,\Viltsiiire, 
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The majority of limestones are beddial lotks ol 
sedimentai'y origin, and art' eomposi'd ol (be 
calcareous reniains of niannt' oig.imsrns. As a 
general ruk' the eonijiactnt'ss of a limestone is a. 
measure of its geological age; (lie harder and 
more eomjiaet \ arret les belonging to llie {Silunaii 
and Carbomft'rons S_\,s.-‘ems, whilst (hose ol the 
.lurassie, Cietaet'oiis, and Moeerie Systems are 
less eoherent. Lmuistones ina\ jilso Ix' loiinetl 
by the direct jii'eeipiiation of ealeiiiiii (‘aibttnate i 
ti’om eal(‘h.reous ^\al t'rs or sjiniigs, f .i/. Iitueitine 
(t/.e.) and stalagmitie niarbli' (?•. M miiuj-:’). i 
Altliough linti'stones often reseinbk' some other | 
kinds ot rooks m tlieii iijtjteaiaiiee, (hey can j 
always readily bt* recognised by tlu' fa(% (bat 
they easily yield to the kmfc' and <'lb‘i\e.sre j 
with cold dilute at id (tliosi' e(»ntaining nni<‘h | 
magm'Sjum elTmvesee oiil\ with hot aeid). ’ 
In addition to their ('\lensi\e ap[)lnation ns 
building stoin's, road-rnetal, iK e , limestones an* 
much iisi'd for making linu' and m the manu- 
facture of mortars and I'ernents of vaiious kinds 
(v, CKMr:NTs) ; in the manufacture of soila, 
carbon dioxidi', Ac. ; as iluxi'S in smelling ; as 
a polishing material ; and as fertili.siTs, eitlier 
in the jiowalered form or burnt as lime. Lime- 
stone rocks an' also of imjxirtancV as the 
depositories of ores of various kinds. Iron-ores 
and zinc-ores, as well as jiliosphates, frequently 
occur as metasomatie nqilacements of limestone ; 
and veins of lead-or^' and lluor-sjiar are usually 
richer where tliey intei’sect limestones. 

AV/f rrwre.s. — (1. ]’. Merti]l,,iiton('s tor JLiilding 
and Decoration, IJrd ed,. New York, ; A. 
Darker, IVlrology for xStudeiits, otli ed., 11)] 9; 
for British Lime.stones d. A, 11 owe, (Jeolog^ of 
Building Stones, 1910. On econoi^iie questions 
much has been written in^lle geological sviiwiy 
publications of the Cnited States. L J. S. 

LIMESTONE, MAGNESIAN, i-. Cai.i-iim, 
Magnk,shtm. and Dolomite 

LlMNlTEk A hydrated fcirie oxide 
FciOjdlHjO or PetOHlj 


■ containing Fe,()., 74*7, Fe 52-3 p.c., and corre- 
sponding with gibbsitc Al 203 ‘ 3 H 20 , Whilst, 
liowc'ver, gibbsite (q.v.) occurs as a definitely 
crystallised mineral, tltc I'Xi.sienee of limnite is 
j somewhat douhiful. ^ cry few analyses show 
' till' jire.senee of a sunicK'Jit quantity of water 
(25-3 p.e.j (o satisfy the ahoi e iormiiJa. Further, 
.SHUT iiiiinite iloes not diflei' from some kinds of 
liimtmtc m its external characters (earthy or 
' oelireouK, with lirowmsh-yi'llow .streak), the 
malenal has been regarded as hi'iiig colloidal 
limonite with extra adsorbed water, ’rhe'name 
limnilt', from Ai/aeri. a hog, lias jirae^ieally the 
same meaning, so fai as legards its derivation, 
as till' nanu' linumite iq.r.) ; and it meludes also 
smile hog iKui oies. 'J'lie mnieial was originally 
desdibed by J{ ileiniann in IS'12 imdt'r Ihe 
name Qiulhrz iiom bi>gs in govt. Nizhm- 
Noxgoiod. L. J. S. 

IMOGES ENAMELS r. Enamels. 

IMONITE Ol Brown Iron -Ore. A hy- 
drated ieriie oxide 2Fed)j,31l A) of mijioitaiiee 
as an ore ol non (I'^e^t).,, Ho'.'j ; Ee, bi)'9 }> (‘ ). 
It IS not toiind as eiyslals,' hut ofti'ii oeeuis as 
roundi'd, .stake litie, or luamilliiti'd lorms witli 
an internal ladially lihious (ervstalliiK') st rueturi'. 
Tins fibrous material wdien ('xainined in jiolarised 
light is found to ])os.S('ss (puli' deliiule optical 
ehaiaeteis. The surlaee of such masses is some- 
times lilaek ami lustrous witli a^})ilfh;v appear- 
.inec ((Ji'rman, ‘ (llaskopf ’), but iieri', as in all 
other mstanees, tlu' streak of the num'ial ls ot 
a. peiy eliaraetenstie hiowmsli yellow’ colour. 

I (Jonen tionary (pi.solitje) and e.iitliy oi oelireoiis 
masses are also of < ommon ocetirri'nei'. Mati'riul 
of tins kind is colloidal in ehaiaeter and con- 
tains a vaiiahle amount of watiw, grading on 
OIK' side into xanthosidentc' (Fe2t)^,2Jl2D) and 
limnitc {h\'2D3*3l LO) {qi,). A. Lacroix (1991) 
and F. (lurmi (1999) li.ive suggested ^tluit the 
term * stilpnosideiiti' ' Lx' upjilu'K to the colloidal 
forms and liinomte restru'ted to the erystaJline. 
The sjigr. vanes fioni 3 9 to ^EO, u'ueliing the 
higlu'i valiK' m tlu' emnjiai't, iihrous material. 
Tjiinonit.e is of aluindant (X'euirenee in nature 
as the final jiroduet ot w'('at lii'i’in)^ of all iroii- 
heaiing minerals, J’seudoinorplis of limmiite 
after ervstal.^ <»f iron-pyiites and other minerals 
are wi'll knoMii ; and the ‘ iron hat ’ or ‘ gi^ssan ’ 
i ot imneiul-lodes eoi^ists mainly of limomte. 

I As an eaithy oelin'ous dejio.'^t it separati's from 
' the waU'rs vjf chalybeate springs, and in jieat- 
I hogs Mid at the bottom ot pools ami lakes, 

' {Such deposits uie known as bog-iron-ore (7.?'.), 

1 lake-ore, Ac., ami the name limonilo (from 
, a nu'iidow) means, in fact, mcadow'-ore. 

' The phosjihates thiy eontain are of organic ' 
i origin. Th(' brown iron-ores extensivi'ly mined 
I in Northamptonsliire, the north of Spain, 

I Taixemhourg and Lorraine (here an oolitic ore 
i known a^ ‘mmettt*’), and many other places, 

' oeeiir as beds in .sedimentary rocks Ochreoiis 
\ limomte is used for making ]»a«^L for colouring 
; and glazing tiles, and in the* imiiiufacture of 
i linoleum, brown paper, Ac. lk)g-iioii-oie has 
; been used m gas purifiers, and for extracting the 
suljihurfrom waste sulphurous gases, L. 1. S. 

LINADIN r. Synthetic’ dri gs, 

! LINAMARIN v. Dlitosides. 

LINARIN. A glueosido found in the flowers 

; ^ The only hydroxide of iron that occurs as definite 

crystals is gt>ethitc, EOjOa’HjO {(/.r.). 
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and leav# of Unarm inih]nris (Mill.) (Klobb, 
Com}it. rend. 1907, 145, Jilll). ^ 

LINNiEITE. A sulphide of cobalt, C o;,S,, or 
(!o0*(^OiS.j, crystallised in the cubic sy.stem and 
analogous to spinel. The cobalt (11-45 p.c.) 
is usually largely replaced by nickel (0-42 P^-)> 
iron (2-5 p.c.), and copper (0-4 p.c.). The 
nickel-rich variety is known as siegcntln, from 
kSicgen in Wostplialia. It is often found as 
bright octahedra of a steid-grey colour tarnishing 
to copper-red ; also as compact granular masses, 
and ns grains. Ilnttlc ; 11. 5^ ; s]).gr. 4-S -;V0 ; 
solubhi m*nilric acid with sci)aiation ol sulpliur. 

It is found with other mctallifmous ores at 
liastnas in Sweden, Miiscn neai Siegen in West- 
phalia, Madison (V). in Missouri, MiniTal lliH m 
Maryland, at Santa le.mino in the state of 
( ’Imipas in Mexico. At the last -named locality the 
mineral cariies 0-5:} p.e. of gold. h. J- 

LINOLENIC ACID. Linolenie acid ( 'isliioOs 
IS a c-haracterisiic constituent of drying oils, 
notably linseed oil, and also occuis in certain 
aiuinal fals, such as hoise lat. ft is a coloniless ' 
oily liquid whuh ra])idly absoi bs oxygen 
the air and tuiiis brown Mpgi. at 15^*, 0-922S I 
(Hehner and Mitcludl) ; b ]>. undei pressure ol | 
U mm., 157"-15.S^ (Jledfoid) It combnu's wit.i I 
bromine to tonii a wluto hi'xabiomide (m ]>. | 
ITD'-lStr), Ashieli when ndueed with nascent [ 
hydrogen yii'lds hnoleiuc acid. When oxidi.sed 
with alkaline potassium pi-imangunate it yields, 
as the principal pioduct, hexahy'droxysteanc 
acid (linusie acid), m p. 2()4“-2(K)^. 'i'he 
existence ol an isomciide ot linolcnic acid, j 
iHolinolniic (ictd, was inferred by Ha/aira Iroui 
the fact that the liquid fatty acids of Unsi'ed oil . 
also ydchled an oxidation pioduct (iso/zaiasK; 
ucic/),^ m.p I7:i"-175'"; but Bedlord's (‘xpeii- 
nieiits lend to show' that llazura’s i.solinusic 
acid IS silivu! acid, the main oxidation jiroduct 
of linolic and, wtiich has the same inelting-])oint. 
Bedford eonchidcs that when the insoluble 
hcxabromide obtained by brominat mg •linseed 
oil fatty acids is reduced by moans ol zinc and 
alcoholic hydrochloric acid it yields a mixture 
of two isoniA'io acids, a- and )^-hnolcnic acids, 
the former again yielding the hcxabromide on 
brommatioii, whilst the latt(*r absorbs four atonis 
of bromine and yields a liquid tetrabronude 
(JigH.oBr/Jo, mistaken iJy Hazura for iwhiio- 
lenic hexabromide.* • 

Linolenic acid may' be quantitatively reduced 
to stearic acid by hydrogenation in prcs?nee of 
a metallic catalyst. 'J’he ethyl ester ot linolenic 
acid boils at 132"-133° at a pressure of O-OOl mm., 
1-40753. <’• A. M. 

LINOLIC ACID. Linolic acid Cx8^1.n:<d.. ih 
present as a glyceride in many vegetable oils, 
and can be separated in large amount from non- 
drying oils such as maize a»d cottonf-ieed oil.s. 
It is a pale yellow liquid whicli remains fluid 
at -18^ 8p.gr. at 14“", 0'920«. It differs 
from oleic, acili iii not yielding a solul com- 
pound When treated w'lth nitrous acid (elaidm 
reaction). It absorbs oxygen rapidly from the 
air, ami combines v.dth bromine to form a 
tetrabromide Ci^^IIx^O-.Br^ (m.j). lli'^-IJb®), 
which is readily soluble in ether, alcohol, and 
benzene, but sparingly soluble in petroleum 
spirit. When reduced with nascent hydrogen it 
yields linolic acid, whilst when oxidised with 


alkaline potassium permanganaUs it yields as 
its main oxidation.product, tetrahydroxysteaiic 
acid (sativic acid). According to Bedford there 
are tw'o isomeric linolic acids, which he terms 
a- and j8-linohc acid, the forim r yielding the 
solid tetrabromide (m.p. 114“-115°), and the 
latter a liquid bromide. Taiiric acid, telfaiiic 
acid, and ehcost(*anc acid (lung oil) are iso- 
inerides of linolic acid. <•’. A. M. 

LINOXYN. 'I'he tough elastic product of 
I the oxidisation of linseed oil. 

LINSEED. The seeds of Linuni 'usitafis- 
sininm (Linn.). 'I’here are two chief varieties, 
w'lth wliit(‘ and blue llowi'r.s jvspi'ctively. 'I’lie 
plant reipiires moist heat, but i.^iiot suited to 
great heat and drought or to frosfy coiiditions. 
It therefore does best on tlu' seacoast or ])lains 
and hills w'herc tin* rainfall is abundant or dews 
and fogs frequent, and in danii) soils rather 
than ii#dry one.s. 1 1 1 ? grown eolrntries, 

but the chi(*f sourees ot the linseed of eommereo 
are Itussia and India. 

Till' average coinjiositioii, as given by' Konig, 
as flu* mean of 51 analysiis, is- 


Nitrogi-ntrcc Crude 
Water I'lotcia Fat siihstaiiccs llhrc Ash 

9 0 22-8 34-1 22'8 5 8 4-2 

All the eonstitiients are liable to considerable 
variation, c protein 15—31 ]i.c., fat 22—40 
p.e. U’hc, ‘ jirotein ’ ot linseed is almost wholly 
albuminoid in nature, not more than 2-4 p.c. 
of it being in other forms (a small portion as 
a glucosidc). lanseed contains a eliaraeteristio 
mucilagi' (about 5 p.c. ol it.s weight), whicJ) exists 
i mainly in tlu* membranes of the outc'r cells and 
j caus(‘B th(' Kci'ds when iiAicm-ated with water to 
! swell 11 ]) so much as to burst the cell-walls. 

I When liiiseial is boiled with water, the mixture 
i thickiMis owing to the solution of this mucilage. 
Linseed is very Jargidy consumed, being used 
as a food for young calves fas impartial sub- 
stitute foi milk), and in enormous qiiantiti(‘S 
in the ]uej)aration of basced oil, so important 
in lift- prcjiaralioii of vaniisluxs, paints, and 
linoleum, the by-ju’oduct linseed cake or Imsecd 
meal, also fonning an important cattle food, 
valuable not only for its nutritive value, but 
also on aeeoiint of its richneRS in the manurial 
substances, nitrogen, ])hoHj)horic acid, and potash. 

The ash of linseed contains — 

K,0 NaoO OilO Mso Fe^^^a F.3)jj HOg SiOa Cl 

,30-2 21 8 1 J4-3 ]•! 45*5 2-3 J *2 ^*2 

Of ])urc linsei‘d caki's tlicrc are two types, viz. 
those Ironi winch tlu; oil has been exprmd, and 
thost! froni which the oil lias beiyi extracted hy 
th«> use of volatile solvents ; the former are richer 
in fat and moie fhgcstible, the latb'r richer in 
alhinninoids and ash. Tlic following average 
compositions are given by ^jj^ellner 

A' -flee Crude 

Wa*cr Fruteiii Fat extract fibre Ash 
ExprixHsed cake 11-5 33-5 8 5 31-7 8*7 0-5 

Extracted „ 10-2 37 4 3-8 32-7 9*1 5-8 

It was shown by Jorissen (Bull. Acad. Roy. 
Belg 1883, *3, 5, jkd)) that linseed contains a 
cv'anogenetic glucosidc. This glucosidc, named 
hiiamarin by Jorissen, has been shown to be 
identical with phamdunaUn (a-dextrose ether 
of acetone cyanohydrin) which occurs in the 
beans of Phaseolus lunaius (Linn.) (Dunstan, 
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Auld and Henry, Proc. Roy. Soc. 1906, B. 78, j • 5-0 ^ SB ^ 

146). This substance is pr(iseiit m young Im- 1 aS JS 

seed plants, in linHoc.d, and also in linseed cake, j Heed <61 ’l§ia = ^ .2^ 

In the latter, to the extent of yielding 0‘03 to | S S || ? 3 

0*04 p.c. of hydrocyanic acid, Imt the enzyme | , - J" 

which hydrolyses thi^ glucoside, and wliich ! ji.e. m?. i p.c p c. ‘ p.c, 

is present in the seed, is deslroyed hy the | 1 American IhhOT l-MKll idil 1-6 1*00 lO’l 

high tcinjieraturc employed in cx])iessing Ihe , 2 „ ,39 40 — i 4*63 I'Ol , 1*05 j ^ — 

oil, and is tlicrefoK^ absent from the cake j 3 La Plafa 36*98 J *1416 1 .6*60 O riS 6*(>4 14*1 

(Dunstan and Auld, J. N>c. ('ia-m. Jnd. J908, , fCakidfa. 40*82 I •1326 ( 5*4] 4*86 6 03 | ]4*9 

428). Pure linseed cake is therefore not O/ 7 O/ , 6 Bom hay. 41*23 1 -J 182 ; 7*88 0*81 2*80 i - 


to act as a jioison, hut /j?/]//// do so if jireparcd , 6N Russia 39*11 1*1376 [6*74 6*06 1*71 
hy cold pressure, or jf fed along with any food- I 7 N. Russia 36 96 1*1468 (4*19 3*31 .1*97 


stuff containing the enzyme neces.saiy for the 
hydrolysis of^^the glucoside. Linsis'd grown in 
hot, dry climates cont.uns more liydiocyamc 
acid and more iictne hydrolysing ( iizyme Ilian 
when giown under eo(»l, damp eonditjons 
(Collins and Blair, Cliem. Nc-vvs, 1916, 19). 

. . H. ]. 

LINSEED (5i!1M v. Gum. 

LINSEED OIL, flax seed oil, is obtaini'd 
from th(' seeds of the tlux plant, JAnirm 'tistfu- 
(Linn ), a native ot (Vnlial Asm. 'I'lie 
imncipal countries where it is giown in eon- 
siderahle quaiitities to yield oil sis'd an; the 
Argentine, India, tin; United States, (hmula, 
and Russia. Notable (jj uaiitities of seed are 
also jirodueed iu Morocco, 'riu* seial is also 
cultivated in Australia and in S. Africa. 

Two (pialitii'S of Ttussian sissl are n'Citgiiisi'd 
in the trade, known, accoiding to their .soiiiee, 
as Baltic and Black Sea s('<;d , hciici* tlu; terms 
‘ Baltic linsi'cd oil ’ and ' Black Sea. hiisc-cd oil.' 
The oil exprcss(;d from Indian simd is known as 
‘East India oil.’ Tin- Baltic liii.si'C'd yields the 
best drying oil; thi.s is ('xplaimd by the fad 
that the Baltic seed is the jmrest, ’vvhenMs in 
Black Rea seed 6 ]).(;. (and more) of hemp 
seed and' ( 01 ) ravison seed are usually present 
Indian seed is fi;f''queutlv mixed w'lth mustaul, 
rape, and caihelmeseed, owing to the plant syii'ld- 
ing the latter being grown along with the tlax 
plant. It has been ])r<n ed that when I he duhan 
linseed is carefully sejiaiati'd from the foieign 
seeds and then exjuessed, the oil jiussi'sses as 
good drying propertu's as does h('st Bussian oil 
During latter years, mort* attention having 
been paid in India to this growing industry, the 
quality of seed has improved. Argentine seed, 
yielding the (River) Plate oil (I.a Plata oil), 
being badly harvestcu, contains much chaff and 
adiiiixed tihres ; if more eaie were e\'*reis(‘d, 
La Plata oil also would moie ngularly approach 
Baltic oil m drying projicrties, 'I’lie United 
States, w’hicli^^ until a fiwv yeais ago,' had been 
importing East Indian seed, have so\*oiKsideruhly 
increased the home jiroduction that they lank 
occasionally {i.c, -when tlie liarvest is plentiful) 
amongst the export^, ng countries. C^anada also 
is exporting considerable quantities of linseed. 

The pro])ortion of liuseii.1 oil in the seed 
vanes with the origin of the seed and also with 
the seasons. It may bo acce{)ted tliat linseed 
contains from 32 to 42 p.c. of oil, according to 
the origin. On a large scale th(^ quantity of 
linseed oil obtained fronP good seed does n^t 
exceed 35 p.o. 

The variations in the oil expressed from * 
linseed of different origin are shown in the 
following results obtained by Sheppard (J. Ind. 
En|;,,0hcm. 1912, 4, 14) ’ 


I 'Fhe (link eoh/tir of Ln Tdiita oil i.s attributable 
to till* non-oleagirious i’Dijuinties, 

I On cokl-pre.ssiiig, a gokh'ii yellow coloured 
' oil IS obtained, having a jileasant taste, so tJuit 
it can he, used as an edible oil. (Jonsiderablc 
, (|uanliti('.s an* hi'iiig expressed for this })iirpose 
*111 Ru.ssia, lluiigajy. Germany, tiiul Jiidia. Jn 
I some paifs of Geimaiiy the oil is used either as 
' sueii, or (ris ‘ JA'inoi'Iseliimilz ') 111 uduiixtine 
With tallow 01 (and) bird ior edible jmrposes 
l*y far tlie largest (|uantities of oil an*, however, 
emjiloyed m the nits. In tliat ease the si'cd 
IS crushed . between rollers and tlimi licated 
to about 160 'E. Ml llie mixing kettle; subse- 
qiKuitlv the .seed js expres.sed wluh' still warm. 
'Fhe oil .so obtained has a yellowish- brown hue, 
and is soim-wbat tin bid, ow mg to tract's of 
moisturo ami mueilaginous mutter The ])res 8 
cakes retain about iO ji.e, ot oji , they are u.sed 
as OIK' of the most valuabh' and wliolesomc eattle ‘ 
ioods. 

On stoiing tbe oil, tlu; moisture and the 
mueilaginous matter giadnally setth out, and 
tbe oil heieby acquiies a liigiier value, esjiecially 
tor some teehnual uses, ns 111 the making of 
varnish. Rueh oil, somet mu'St. Jvept j*!)! ji'iirs, 
i.s known as ‘tanked oil.' 'I'lio biutabilily for 
N'armsLvmakmg jmrjiohes is iisei'rtained b> beat- 
ing rapidly the liiisi'Cil 01 ) in a test tube. Oil 
fiom wliieli gelatinous matter se])aiates is con- 
I .sideri'd niesuitabk*. Seed jiressed Ki a cornjiara- 
j tively fresh (‘green ') state yields oil cunlaimng 
I larger quaiititu's of ‘ imieila'ge ’ than seed three 
j to SIX months old. 44 k; gelatinous matter 
(‘ mucilago ’ or ‘spain' or ‘ iircak ’) eontaiiis 
I phospliates,aiid traces of sulphates. 

■ 'Flu; bulk of linseed oil is atjiresent produced 
I t>y exyri'Ksion. 4’he mam reason for this is 
I that the hot-pn'ssed cake is valuable as cattle 
food, whii.st Im.seed meal obtained by extraction 
, with solvents could only be used ns manure, at 
any rate in this country. Di:eiisionally linseed 
has been extracted -with solvents, as it was 
thought that the oil so obtained, being richer 
m unsat urated acids, and containing less of the 
mueilagiAous matter, would he more suitable for 
j the pamt and varnish trades. I’his has, however, 
not been borne out in })ractie^ extracted oil 
having been found unsuitable ai3 a jiaint oil. 
Moreover, tli« oil obtained by extracting with 
carbon disulphide, petroleum’ spirit, &c., pos- 
sesses an inferior colour and a more unpleasant 
smell than exprc'ssed oil. Therefore it would 
only lie profitable, to extract damaged seed, 

I which would he unsuitable for cattle food. 

I A rapid method for removing the impurities 
in the crude oil is to refine it, which is done on 
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a large scale by treating crude linseed oil with 
1-2 p.c. of a somewhat concentrated sulphuric 
acid. The charred mass carries down with it 
the bulk of impurities contained in the crude oil. 
For the manufacture of the best and finest kinds 
of linseed oil {‘artists’ oil’), the refined oil is 
subjected to ‘ sun-bleachmg,’ by exposure in 
^shallow 7, Inc trays under glass to the action of 
'sunlight. Powdered lead placed in the trays 
acc elerates tlic hleaeiung 2 iroeess. A method of 
bleaching linseed oil by exposure to the C'oo]»er- 
Jlcw^tt mercury lamj) has also been introduced. 
Dark linseed oils intended lor soft soap arc 
usually bleached in the soaj) works by treatment 
with a small amount of (laustie [lotash. The 
soaj) w'liieh is fori, nod carries down with it the 
colouring matters. ^ * 

’I'lie chemieal compoKition of linsetal oil is 
not yet fully known It may, however, he 
stall'd hroadlv that linseed oil contains about 

10 pc. of solid laity acids, amongst thich 
palmitic acid, stearic- acid, and arachidic acid 
have lii'cn ideritilied. In addition thereto, the 

011 contains a high pi‘o]H)rtion of liiiolenic acid 
and linolie acid. 'I’lu' iirojiortion of oleic acid, 
which llazura gave as amounting to about d j) c., 
may possibly, according to lalei staii'inents, 
have to be raised to Id ji c. 'Pbe ‘ /solinolonie 
acid,’ which llazura stated to occur in liiiseed 
oil has not been definite, ly jirov ed to lie a chemical 
individual. PuJlelt (Zcitsch. jibysiol (iicm. 
JOUi), 72, 422) doubts the existeuee ol a d-lino- 
lenic acid, wliieli Erdmann and Bedford state 
is obtainable from liiioh'inc acid (Ber. llUjO, 
41, ld24; Zcilscli. physiol Chem. DUO, 70, 70) 
On the whole, the balance of cvidenci' sujiports 
the vi(;w of l^rdmaim and Bedford. 

Several mixed glyceiides ha\(' been identified 
m liiisecd oil. Thus Sehicht (Seifeiifabr. 1014, 
Ji4, 073) separaUal liriolo])alniitostearin by 
ehniing*a sohtU>»ii nf linseed oil in iietroleiim 
spirit, alcohol and ether, w'hilst tlie mother 
liquor eoutamed other comjiounds wliieligudging 
by their chemical cliaraetcrs, were [irobably 
dioleostcariii and Imulodistoann. The insoluble 
bromide yiefiicd by linseed oil is also probably 
produced by a mixi'd glyceride iii the oil. 

Linseed oil bus a higher speeilic gravity than 
any fatty oil that would be used t(» adulterate 
it, with tlie excejition o4 tung oil. lienee, in 
the trade a specific gravity lower Dian 0'03 is 
considered to indicate adulteration wuth other 
fatty oils or mineral oils. • 

The higher the Hjiccitic gravity of a linseed 
oil, the more suitable it is for ilu‘ pur|)oses of 
the paint and varnish m^iiiufaeturer. 4’he value 
of the oil for this purjiose is also expressed in a 
general way by the magnitude ol the iodine 
value. Linseed oil has, with the excejition of 
perilla oil, the highest value of all known latty 
oils. Hence the iodine test istof value ior identi- 
fying a sample. The iodine value of luisccd oil 
should not fall below 170 (La Plata and North 
American oik), although much higher iodine 
values roacliing as high a figure* as 206 have 
been recorded. Thus Indian oils usually absorb 
from 183 to 192 p.c., and Baltic oil from 190 
to 200 p.c. 

Linseed oil is cliaracterked by giving a high 
proportion of a bromide insoluble m ether, ap- 
parently the bromide of a miYArt glyceride 
(Hehner and Mitchell, Analyst, 1898 , 23 , 316 ) 


I A more acourate m<jditi cation of the test has 
I been devised by Davidson (J. Ind. Eng. Chem. 

I 1921, 13, 801). According to f4emmell ( Amdyat, 

! 1914, 39, 297) there is a dcHnito relationship 
' between the iodinavalue of an oil and the amount 
I of insoluble bromide which it yields. 

, The Ainerieaii Society for I’esting Materials 
has issued the following specifications for raw 
linseed oil from N. American seed : Sp.gr. at 
1.5A^ 0-93G to 0-932; at 2rp‘, 0-93 1 to 0 927; 
acid value, tl-0 (max.); saponification value, 
195 to 189; unsaponiliable matter, DoO p.c. 
(max.); refractive index at 25^', 1-1805 to 
1-1790; and iodine value (Haiius), 178 (mm.). 
All tests must be ajijilied to the ^il filtered 
through jiapcr, at lo-S'" to 2()*7* immediately 
before weighing. {(’/. Davidson, J. ind. Fng. 
Cliom. 1921, 1.3, 801 ; in ahstr., ,1. Soc. Clicui. 
Ind. 1921, 817 A.) 

Wli»n the price of linseed oili^ogh aiMte-ra- 
tioii 1 .S jiractised to a vi-r^ coiTSliierable cxti'id. 
l<’oi' the inetliods devised for detecting these 
adulti'rant.s the i-i'ader i.s referred to Lewko- 
witsch’s (Jhemical 'I’ech oology. 

Ijin.soed oil (jirovided its price is not exccs- 
sivi'ly high) is very extensuidy used as stock 
material for soft soajis ; for this jmi-poso those 
oils arii esjieeially employed wbieh liave a com- 
paratively low iodine value. Tin- presence of 
mucilage is not objeetionuble in the ease of oils 
for soa)»-makiiig 

A further iinjiortant ajijiUcation of Unseed 
oil is lound in the manufueiure of boiled oil for 
paints, varmshes, litliogrujiliic varmshos, and for 
the manufacture of linoleum. No other drying 
oil ajqn-oaehes tlie propiiities ot linseed oil, the 
diying oil pai cxalknce. Hence linseed oil is 
also the best oil for making putty. Linseed oil 
i.s further largely used in the jirejiaration of 
jdastic ma‘’ses. • 

Boiled oil is obtained by beating linseed oil 
with driers to a tcnijierature of •about ISO'’!). 
Tlie process is carried out by introducing tlic 
oil n^to a cylindrical vessel provided with a 
licating coil and agitating gear, so as to produce 
an intimate intermixture betwiicn oil and drier 
wlnk^ they are heated to the desired temperature. 

Aeeordiiig to the quality and the amount of 
drier added, and the length of time during which 
the oil IS heated (‘ boiled ’), pale or dark oils arc 
produced. The former are known in commerce 
as ‘ jiale boiled ods,’ flie latter as ‘ double 
boiled oils.’ The temperature ot ‘ boding ’«:an 
be reduced t'ven to 120‘’C. when ‘ liquid driers ' 
(solutions ol lead linoleaie, (kc., in linseed oil) 
are used." They are merely dissolved in the oil 
and the ojieration is assisted, if Required, by a 
currmii of an-. Ink 

This last jiroeosH yields somewhat inferior 
drymg oik to those obtained by boiling at 160"iJ. 
with lead oxide, &c. it* has, however, been 
mfe-rred tlierelroq^ that in order to obtain a 
quickly drying oil it suffices to prepare a solution 
of metallic salts in oil. This view has even led to 
the preijaration of ‘ boiled oik ’ in the cold, by 
merely adding to Imsecd oil a solution of lead 
linolcatc or*mangai#so Imoleate, and carefully 
mixing it with the oik fAn oil having the 
properties of a ‘ boiled ’ oil can ako be prepared 
by carefully grinding linseed oil with manganese 
borate in the cold.) Those ‘ boiled oils ’ are, 
therefore, identical with the product which 
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painters used to prepare tliornselvcs from raw 
linseed oil by grinding it with a drier, yuch oils 
naturally do not dry so ra]>idly as do the <ji 1 b 
prepared at a higher teinjieratuie; tliey behave 
more lu'arly like raw linsca-d (ul as n'gni’ds the t ime 
required to ‘ dry.’ 'J'he investigations of Jlolden 
and Kadehfl'e (J. 800. Dyers and CI(»ioHrist8, 191 «, 
114, 1114) liave shown that the late ol drying of 
linseed oil inereasea witJi the teinpeiature, but 
that the liigher tin* tenijK>ratute the lowi-r the 
maxiniuni ineroasc in weiglit, and tlu' less the 
iritlucriee ol addt'd driers. J^'or example, avIkui 
dried just below 114'’ linseed oil gains 17 to IK j>.e. 
in weiglit, wlu'reas at !(>(>' the maximum 
increase is^ much less (7 to 8 p.e.), and at 150" 
tJierii IS no in'eieasc in ^viight, piohalily owing 
to the evolution of volatile jeodui'ts. The 
greater durability of linseed oil iilms dinal at 
high teinp('ralui(‘s must be altiibuli'd to the 
more ^apid volatilisation ol inm-drying eon- 
stituents. 'J’iio volatile jiroduets of hnsei'd oil 
oxidised at ]l)0° contain ahleliydes (aei olein) 
and trace’s of oil. 

Tlieso results arc in aeeoidanee witli th(’ eon- 
elusions of iSaJway (J. ('hem. Soe, 191(), 109, 
198), that in tiic drying ol linseed oil i^xygenides 
are lirst iornu’d, and tJiesii tend to loim diox_\ - 
goiiides, which would deeomjiose wnth the foi illa- 
tion of a mixture ol alch’hydes (uuindmg 
acrolein), and caihon moiioxnh’ and dioxide, 
formic, acetic, and acrylu; acids. Dor the i.u tors 
attecting the oxygen ahsoijition (4 linseed oil 
see Waclle, J. Soc. Clicm. Ind. 1920, 9!t, 48 T ; 
Colfey, Clicm. »Soc. Tians. J921, 1152. j\lan- 
gancac salts arc inin li moie clh'ctne than lead 
salts as driers, wiiilst cerinrn linoleate is mou' 
active than lead liuolcale, but is inleiior to 
manganese and cobalt Jinulealc.s (Morn’ll, 
d. Chem. Soc. 1918, 1L9, 111), 

The e nclusions of Ingle (.1. Soc. Chcin. Ind. 
1917, 90, 919) oil the course ot the ( heiiiieal re- 
actions involv’d ill the drying oi lead linoh’iiatc 
arc Hu]>[)ortod by the oxjicrimcnts of .Morrell (/oc. 
fit.) ujaiii the eeriiiin sails iiH’pan’d trom drying 
oils. When drying oils are liiMted there apjiears 
to be a ehnngi! hi the intr.uuolcenlar linkings 
jii’ior to poly iiieiisation. 

Experiments by Krieiul (,l. Chem. Soc, 1917, 

J 1 1 , 1 (>2) have shown that linseed oil eonlruet.s on 
oxidation, ddie di'iisity ot the oil mereases as the 
absorption of oxygen piucei’ds, whiLst the volume 
tirst iin'i’casc’s and theh gtadually deeieascs. 

* With regal d lo the I’lnjiloMiienf ol other oils 
in the luaiiufucture ot boiled oils and the 
adulterants of boiled oils, cp. Lcwkowitsch, 
Chemical Technology. 

Linseed oii is also used in the nuinufacturo of 
‘ vulcanised oils,’ and lor extracting indiarubbei 
' 1 rom ‘ waisU’ rubber ’ Jiy heating linseed oil with 
sulphur, the otlicial oleum hut ,svlf. is prepared. 

Owing to the Ingli price of linseed oil during 
the last few jears mixtures olhuiig oil, menhaden 
oil, and soya bean oil liave bei'ii u.^-ed as sub- 
stitutes for it in paints and vurnishes, special 
di’ying agents being used to accelerate the drying 
properties of the mixtures, 

A method of jirejiariiig k substitute for boikul 
linseed oil by blowing supei heated steam through 
lish oils previously heated at 295^* to 240“ is 
described in Cer. Pat. 272,405 of J910, The 
drying jiroperties ai'o stated to be BU])erior to 
that of Unseed oil. J. L. 


LINTOMITE V, Thomsonite. 

LIPASE, the enzyme which hydrolyses fats 
to glycerol and fatty acids, is ot considerable 
nnportnnci' in animal idiysiology and in ger- 
minating seeds. It is used industrially in the 
manufacture, of glycerol and fatty aeids, and is 
concerned in the jilienoinenon of raneidity. The 
know’ledge of it, how^ever, is still in a somewliat 
fragmentary .stale. It was first discovered by 
Ileynolds Creen (Proe. Koy. Hoe. 1890, 48, 970) 
in 'the germinating seed of Jhchivs commnnu 
(Linn.), and lias siiiee bei’ii found in many other 
seeds, usually m Die gi’niiiiiating ratlmr tlian in 
the resting slug*' ; it also oeciirs m mould fungi 
and in yi’asl. Jujaielaslic ( nzymes are jiresent 
in most aiimial tissues, ilie Jiser being the most 
active. The enz^nu’ njijieais to cling to tlic 
solid jmrticles ot tissue cells. 

Vegetable Jijiasc is vtry spaiingly soJuble in 
wali'f, and it is eloiihlful wliclhei active filtered 
extracts of tiic (‘iizyme can he obtained. It has 
been showui by Coiinstein and otlicrs (.sre .sum- 
mary in Asher and Njmos Ergehni.sse der 
Pliysiologie, llf04. 9, f94) that Mieinu/. lipase 
IS elTcetiN'c only in the jiresenco of acid, and 
that it acts ])ielerentially on the natural fats, 
other ethereal salts being hut little atlaehecl 
by it. 

Animal lipa.se, on the other liand, is quite 
aelne in hydiolysing sinipl<’ esteis and acts on 
the natuiai fats w'llli difheiilly, ihongh tins is 
perhajis due to tlie ditheulty ot Fceni’iiig a 
safistaetory ('mnlsion (( // Jl. L. Armstrong, 
Pioe. Jl'oy. Hue. 1905, 7()n, f0() , JllOO, 78ii, 970; 
Kasile and lax’vmihart. Anier. Chem, J. 1900, 
24, 491). 

(Amimeieial jMiuiealm [nepared fiom the 
fiesh sweet hi ('ad of tiie liog or ox contains a 
Iqia-se often tc'iim'd steajisin which acts in an 
aJkaliiK’ iiualmin, and is rapidly d(’stroy(’d by 
strong alcohol and by all aeids'.it’xeepl tJic fatty 
acids, being the most deiiiate of the pancreatic 
enzyiiK's 

According to ’J’anaka (Chem. Hoc. Ahstr. 
I!)l(», 1. 809) lipas(> IS jirc.si'iil in castor oil seeds 
111 th<' foiin oi an iu.soluhle zymogen winch is 
readily convi’rted by dilute acid into the in- 
soluble enzyiiu', the acid acting merely to liberate 
the enzyme which, when once Ji berated, is active 
in a neutral medium.^ Alternativi'ly, it may ho 
jire.sejit as, a .salt wliieh is Q'.ccompose(l by the 
acid. It IS inactive jn alkaline solution. 

The action of Iqia.si’ is acceh’rated by maii- 
gaiKxsc sulphate and iiy bi!(' salts. All acids 
arc ellVetivc in activating the enzyme, action 
dejieuding on the amount lutlier tiian on the 
concentration ot the acid. 

Animal lipase may he sejiaratcd by dialysis, 
or filtei'ing, into two substances whieli aro 
inactive singly, but the original activity is 
restoiedsDien tlu’y are mixed; the activity of 
the filtrate is not dc’stroyed by boiling (Magnus, 
Zeit-seh. phy.siol. Chem. 1904, 42, 149; Kosen- 
hemi and Hhuw-Mackonzie, J. physiol. 1910. 40). 
Lipase also exercises synthetic activity (Kastle, 
and Loovenhart, Ainci, {’la'in. J. 1900, 24, 491 ; 
Haiinot, Cornpt. rend. 1901, 192, 212). 

It is considered by Falk and Sugiura (J. Amer. 
Chem. Hoc. 1915, 37, 217) that castor oil beans 
. contain two enzymes, one soluble in water and 
more active towai'ds ethyl butyrate, and the 
i other insoluble and more active towards glyceryl 
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triacclato and fat«. The former is referred to 
as esU^rasc and the latter as lipase. 

Lipase is also ])resent in soya beaiiK. 

Lipaso oeeiirs in the fat of fowls in the 
zymogenic form and becomes active only after 
death, causing the aiiidity of tht^ fat to increase 
(Pennington and Hepburn, .1. Amer. Phem. 
Soc. 1912, 34, 210). 

Lipase, powder (from Kieinus) loses its ac- 
tivity when kept with neutral fats alora; without 
(he jircsence of either acid or water. Triolein i 
exertAl greater action than other fats in this 
resjieot. , 

I’he ferment jiroccss is usisl for the jirejiara- i 
tion of soap-stock fatty acids (( 'onnstian, Eng. ! 
Pat. 22111, 1902). 'Plu' ground seeds wia-i* 
made into an emulsion, with oils and dilute 
acetic a.cid, but the original pro(!ess was nban- | 
doiusi on aiicoiint of the losses due to tho 
formation of a middle layer between tho fatty 
and a([ueous layeis. According to Lewkowitscli 
(Chemioal Technology of Oils, Fats, and Wa.xes, 
1909, 3) it IS now customary to prejiaie a ‘ fer- 
ment ’ by grinding decorticated castor , ‘•ceils with 
a largo quantity of water and filtering. 'The 
creamy li<|Uor is allowed to ferment s])ontane- 
oiisly when a creamy emulsion containing the 
active enzyme risi's to the (op. 'The oil is 
cmulsjlied by air cuirents in lead lined vi'ssels 
wit h 40 p.c. of W'ati'i, T) S ]i,c. of the lerment and 
0•2 p.c. manganese sulph.ile, the last substance 
8(‘i ving to accelerati' llic cliange (Fng. Pat. 
2jt)S0, I90r)). AlO'i several days tho nii.\tip:o 
is w’arnu'd to }S0"(A, and 0*3 0*45 p.e. sulphuric 
acid (50 pc.) is added; it is tlicn allowW to 
settle. Three layers aie formed — a bottom 
aqueous laym' eont aining glyeend, an iqqxw fatty 
layer and a middle layer consisting of an emiii- 
sion, wlucli IS allowed to accumulate, and on 
renewed treatment separates into three layers 
Till! (('infi'raiur'* of hydrolysis is maintained 
above 20°(!. and Indow' 42“C. ; it should ho 
slightly above the ineltmg-fioint of a fat* 3’he 
products so obtained are much lighter in colour 
than those given hy tho older jiroeesses of 
hydrolysis. • 

Tanaka (.1, (!oll. Fng. Imp. Univ. Tohyo, 
1912, 5, 125) has floserdu'd the ])rej)aration of an 
active lipaso from castor oil seeds liy digesting ; 
tho pifssod material with^a propi'r amount of 
acid and then wattling to remove y,!! soluble : 
matter. Tliis liydroiyses fats rapidly m the 1 
absence of any soluble acid. The shellei^ seed j 
IS crushed in a mortar and tho oily mass digested : 
with petroleum spirit for 24 hours, after winch 
the greater part of the oil is removed by .squeez- ' 
ing it tluough calico cloth. The residue is 
treated twice in the same manner with ether ; 
it IS then ground and digested during about 
15 minutes with 8 c.c. of N/10 acetic acid to 
every 10 grams ot the meeJl. The Mquid is 
filtered oli and the residue washed several times 
with W'ater. It is dried in a vacuum de‘'iecator 
and, when dry, ground fine and sifted through 
muslin. Luring washing about 40 p.e. of the 
ftiaterial passes into solution. Tho powder 
obtained represents about 9 p.c. of the weight 
of the sec^ds. It is eolourles.s and tasteless, 
and may be kept for a long time without under- 
going appreciable change (c/. Armstrong and 
Gosney, Proc. Roy. Soc. 1913, B, 80, 586). The 
enzyme prepared with a weak acid such as 
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acetic is distinctly suiierior to that obtained 
when a stronger acid is used. 

Prepared as described, if olive oil be digested 
at .30°C'. tVith about 3-4 p.c. of the pow^der and 
from 6-10 times as much w^ater about 90 p.e. 
of the glyceride is hydrul3'sed wntliin 7-10 hours. 

It is possible to ‘ overdry ’ tho enzyme when 
it IS required to be used in the absence of water. 
In such oases the addition of traces of water 
usually restores the aidivity. Preparations of 
the enzjnne often vary in activity considerably, 
a fact which is not surprising when it is re- 
memlKWed that their activity depends on sur- 
face condition of the colloid. 

9’hc activity of the enzyme is iiiteHered wdth 
even by dilute acids, and it is easily rendered 
inert by excess of acid. Possibl}^ the powder 
contains nn emulsifying constituent on which 
its aiilivity is largely dependent. Henej^ it is 
spoeiallt fitted to hydrolys(‘ tlui^fly glycerides 
of the higher fatty acids and is not suited to act 
in an aqueous solution. 'I'ho interaction is 
inhihited by the jiroducts of change, both the 
fatty acid and glycerol, esjiecially tlie former. 

thider ordinary conditions the hydrolysis 
of fats by lipase powder is incomplete, and 
nummous observations aie on lecord to jirovo 
that whether of animal or vegetable origin, it 
can act, reversibly. In the ease of olive oil and 
lipnso jmqmred hy the Tanaka method, tho 
same equilihnurn was attained starting either 
from the oil in presence of three molecular pro- 
portions of wat<‘r or from the fatty acids and 
the equivalent of glycerine; the jiercentage of 
a<‘id eombined being about 38, and the main 
product a <hglv'<‘ei'id(5 indicating that the two 
primary liyilro.xyl groujis of glycerine arc first 
aifeeti'il. In ])r(‘senee of mori' w^ater the rate of 
both synthetic and hydrolytic chaiiges wa.s 
decreased, and the eqiiilibrinni point esniblished 
in the diieetion of greater a«ditY. Even in 
jirescMiee (»f 30 inolccular ])ro|)orlions of water 
some synthesis w'as observed {rj\ H. F. Arm- 
strong •tiiid (jrosiiey, Proc. Roy. !Soe. 1914, J3, 
88 , 176 ). 

Uanculily. -The presinice of lipase in oily 
seeds leads to tlu' formation of small qiiaiitities 
of fatty acids, jiarticularly in jircsenco of mois- 
tur(‘. (’oinmereial fats of both vegetable and 
animal origin, if they have not been submitted 
to a sulhciently high tenqfierature to kill the 
enzjune during their manufacture, are likely to 
eontam traces of li^iase, and this in presence of 
moisture may cause tho formation of free fatty 
acids. When the fatty acids are further exposed 
to oxidation, particularly in presi^iee of light, 
rancicbty takes place (.<?ee further on this jioinl, 
J.<ewkowitHeh, lx. 1, 35) (v. Fermentation). 

The presence in a fat of other substances on 
which bacteria can grow incriKises the probability 
of rancidity ; butter or margarine, for instance, 
being particularly prone to the ehangiN Fats 
such as cocoa butter which contain more satu- 
j rated acids, are loss liable to lieeome rancid. 

I Numi'rouH baetena exist which split fats 
anaerohieally * and oxidise them aerobically, 
ovfing to tho secretion of lipase. The injurious 
! effect of fat splitting organisnis on the quality 
of dairy jiroducts is chiefly due, in addition to 
i their JijKielastie properties, to the production of 
bitter and odoriferous substances from proteins 
; and casein. The organisms produce lipases 
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whioh act both in aoid and alkaline aolutlon, 
Sohngen (Proc. K. Acad. Wetensch AniBterdam, 
19U, 13, 1200) finds that the decoraposition of 
fat decreases as the amount of acid rises, and 
that it ceases entirely when the acidity of the 
culture liquid is about N/50. Mineral acids are 
more potent than organic acids. It is considered 
that rancidity can only take place when owing 
to the action of alkah-producing bacteria and 
moulds the acidity of dairy products falls below 
this limit. The decomposition of dairy fats by 
lipase is favoured by oxygen and light. Lipase 
is not soluble in other, fats, or fatty acids. 

In commercial palm od winch is prepared in 
tropical ocuntTie.s under crude conditions, tlu' 
proportion of fatty acids is considerable and 
the value of the product much diminished in 
ocmsequence. Probably much of this develop- 
ment of acid is due to cnzyim^ JK'tion. Palm 
kernels and evp^a snnilaiiy var^' greatly m the 
amount of free acid they contain according to 
the oaro taken in their jireparation and storage. 

K. F. A. 

LIPOIODIN. Li-iodubrassidic acid (dhyl 
ester. 

LIQUATION. ‘When an ore or metallic 
rai.vture containing ingredients dificrmg sensibly 
in fusibility is exposed to a degree of heat 
sufficient only to melt the most fu.Mible which 
may flow away from the unmi^Ui^d mass, this 
process 18 termed liquation ’ (Percy’s Metallurgy). 
In certain cases a mixture of two metals can be 
roughly separated in this way. For instance, d 
an alloy of lead and copper be heated to a tem- 
perature a littlc! above tlie melting-point of lead, 
the lead trickles ouL leaving u porous mass 
behind. The lead contains 2-3 p.c. of cojiper. 
The copper contains 25 p.c. ' oi load. This 
process is used commercially to separate anti- 
mony sftlpliido from the oie, by heating in 
earthenware pots with a hole m the liottom, 
through which tlio melted sulphuh* flows. 

At the Schomnitz, silv^er works imjiure lead 
is purified by molting it on the bed of a furuaci^ 
the lower end of whicli is conni'ided Avith a large 
iron pot, heated independently, and into Avhich 
the lead trickles. Fresh lead is thiown into the 
furnace from time to time ; the mclPal load 
(lows into the pot and loaves less fusible alloys 
behind. The lead in the pot is then made hot, 
skimmed and polei^. 'J’he ])urificatiou of a 
metal by this moans depends u])on the formation 
of' less fusible alloys betAveen the metal and 
the foreign metals present. Pattmson’s process 
(». Lbad) for dosilvonsing lead depends on the 
formation of, such alloys, but in that case the 
solidified alloys are .fished out of the melted lead 
by a ladle, instead of alloAving the lead to flow 
away from them. 

UQUEFACTION OF GASES. 'Pile readiness 
Avith which many liquids can bo converted into 
vapours similar in many r.wpccts to ordinary 
gases, suggests the possibility of an intimate 
relationsliip between the gaseous and liquid 
states of matter. Van Helmont, to whom we 
owe the introduction of the term ‘ gas,’ in the 
latter part of the 16th century, distinguished 
between ‘ gases ’ and ‘ vajioura,’ saying that 
only the latter could be reduced to the liquid 
state. Boerhaave (1731) in his Elements of 
Chemistry (Eng. ed., 249), comments on the 
impossibility of liquefying air either in the 


sharpest frost or under pressure. Dalton 
clearly foresaw the result of subjecting gases to 
low temperatures and high pressures when he 
said : ‘ There can scarcel^y bo a doubt enter- 
tained respecting the rcducibility of all elastic 
fluids of whatever kind into liquids ; and we 
ought not to despair of eflecting it in low tem- 
peratures and by strong pressures exerted upon 
the unrnixcd gases.’ 

The statement in Fourcroy’s Chemistry, 
2, 74, that Mongo and Clouet liquefied sulphui* 
dioxide is one of the earliest recorded refeicnces 
to the liquefaction ol a substance gommonly 
recognised as a gas. Shortly afterwards, in 
I805-J80(i, Northmore (Nicholson’s Journal, 
1805, 12, 368 ; 1806, 13, 233) succeeded in 
liquefying chlorine, liydrogim chloride, and 
sulphur dioxide, by compressing the gases into 
a strong glass receiA^er. These results, however, 
did not attract much attention, and no furtlier 
work on the liquefaction of gases ai)peared until 
1823. 

The discovery of the production of liquid 
chlorine by Jicating chlorine hydrate in a closed 
glass tube, led h’araday to undertake a systematic 
study of the liquefaction of gases. The method 
employed in his first scries of experiments 
(Fliil. Trans. 1823, 113, 189) was simple. Into 
the sealed limb ol a bunt glass tube were placed 
materials for generating the gas. The other 
limb of the tube Avas then sealed and cooled in 
a freezing mixture of ice and salt. The end 
contuimiig the reacting substance was heated 
to generate the gas ; the ju’essure steadily 
increased as the gas was produced, and ultimately 
the gas liqiK'lied in the cold limb. In this 
manner P'araday succeeded m bqucfvmg suljihur 
dioxide, hydrogen sulphide, ‘puoblorino,’ cya- 
nogen, ammonia, carbon dioxide, and nitrous 
oxide, the oxjicrimentH on the last two gases 
being often accompanied ])y Vi,vlont explosions. 

The first exjKTinienter to utilise the evapora- 
tion o£ a Iniuid undei* reduced jireasure in order 
to produce Ioav teuqwratures was Bussy (Ann. 
Chun. Phya. 1 824, 26, 63). By the rapid evapora- 
tion of liquid sulphur dioxide ha- reached tem- 
peratures sufficiently low to iKjuefy chlorine, 
ammonia, and cyanogen. This method of 
produ(*iiig low temperatures soon came into 
general use. * 

In J8JI4 Thilorier ( Ann.^, tfliim. Phys. 1835, 
60, 427, 432 ; Annalcn, 1839, 30, 122) prepared 
hquitl carbon dioxide on a large scale by what 
was essentially the method of Faraday, using, 
hoAvever, a Avrought iron generator and receiver 
connected by a cojiper tube. Moreover, he 
succeeded in freezing tiiis liquid by allowing it 
to e.scape through a jet into a s}iecially con- 
structed drum-shaped box. Solid carbon ffioxidc 
has proATd of service to subsequent experi- 
menters, A mixture of solid carbon dioxide and 
ether, often called Thikiricr s mixture^ is even 
to-day a very valuable refrigerant ; by evaporat- 
ing it under reduced pressure, teiniieraturcs as 
low as — 110°C. can be obtained. 

In Faraday’s second research on the lique* 
faction of gases (Phil. Trans. 1845, 136, 155) 
the gases Avere subjected to the simtdtaueous 
influence of high pressure and low temperature. 
The former was applied by means of two air 
pumps, and the latter was produced by means of 
a cooling bath of Thilorier’.s mixture boilimg 
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under diminiehed presBure. The gases were 
condensed in suitably Bhajjed tubes of green 
bottle-glass, the pressures were measured by 
means of small air gaugea inserted in the tubes, 
and temperatures were recorded by an alcohol 
thermometer. In these experiments, ethylene, 
silicon fluoride, phosphine, and boron trifluoridc 
were liquefied, and hj’^drogen bromide, hj^drogen 
iodide, sulphur dioxjde, ‘ euchlorine,’ hydrogen 
sulphide, ammonia, cyanogen, and nitrous 
oxide were solidified. Faraday was, however, 
unabfc to liquefy hydi-ogon, nitrogen, oxygen, 
nitric oiydo, or carbon monoxide, although 
he predicted that, if the temperature could bo 
sufficiently rc(lu(!cd, these gases would pass into 
the liquid state. 

The work of ]Vatterei;{J. pr. (Jhein. 1844, 31, 
375 ; 1845, 35, JOO ; 1852, 5(), 127 ; Fogg. Ann. 
1844, (>2, 132; 18.55, !)4, 43(5; Wien. Ber. 

18.50, 5, 351 ; 1851, 0, .557, 570 ; 1854, 12, 190), 
uhich began in 1841 and extended over sc'^eral 
years, placed at the dis})osai of exjierimenters 
a metliod for obtaining extremely higb pressures. 
Natterer was tlu' tir.st obserM’r to prejiarc 
liquid nitrous oxide in qunnti(\. lie repeatedly 
endeavoured to lujui'ty hydrogim, oxygen, 
nitrogen, and eaibon monoxide, modifying his 
apparatus from tune to time until the gases were 
subjected to the enormous ])ressurc of 3(500 
atmospluTes. Even the a]jplication of Thiloners 
mixture to the gases a1 tliis })ressure failed to 
elTeet their lupK'faction. 

(Jnticdl plu'nomcnn (tnd the idoluui htin'i^n 
I he liquid and tjaxeom stall s. — Th(‘ classical work 
of Andrews (Phil Trans. 18(59, li. 575 ; also ibuL 
187(5, 11. 421) marks an era m the development 
of the subject of the liquefaction of gases. The 
relative values of tempei'ature aud pressure in 
elfeeting Injucfaction had, up to that date, not 
been understood. As early as 1822, Fagniaid de 
la Tour (Ann. ('li*ni. Phys. 1822, 21, 127 ; 1823, 
22, 411) had performeil a senes of experiments 
on heating volatile liquids in closed glass Aicssels. 
He showed that such a liquid as ether could bo 
converted wholly into vajiour, notwithstanding 
the existence# of an enormous pressure, in a 
volume less than twice the volume of the liquid 
from which it was produced. He also observed 
that there wa.s a definite temperature, indejn'ii- 
(Icnt of the actual amoufti of ether present, 
above which the liquid mcniscu.s coiild not be 
observed, an indication that ether cannot exist 
as liquid above a certain temperature. Similar 
results w'cre obtained with a number of other 
liquids, but their significance was not generally 
recognised at the time. Faraday, however, 
realised that the reason why he was unable to 
liquefy certain gases was that they were probably 
in the same condition as the ether vapour 
in Cagniard de la Tour’s experiments when 
heated above the terajicrature at W'Mch the 
liquid meniscus disappeared, in which case he 
added that ‘ no compression, without the con- 
joint application of a degree of cold below that 
we have as yet obtained, can be exjiectcd to take 
from them their gaseous state.* It is curious, 
therefore, that Faraday made no attempt to 
realise the Cagniard de la Tour’s state with any 
of the gases ho had succeeded in liquefying. 

Andrews found that on compressing carbon 
tUoxide in a glass capillary tube at tempera- 
tures below 30'9°C., the volume diminished 
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more rapidly than would be indicated by 
Boyle’s Law, until at a certain pressure, depend - 
ing on the temperature, liquefaction commenced. 
The pressure then remained constant while the 
volume w'as being diminished, until liquefaction 
was complete. After this, a large increase ni 
prc.ssure again became necessary in order to 
dimiinsli the volume further. At temiicratures 
above 30*9°('., how'ever, he could obtain no 
indications of liquefaction at all, whutiwcr 
pre.ssure was ajiplied. On partially liquefying 
carbon dioxide, and slow4y raising the tempera- 
ture, the suiface of deniareation betw^een the 
liquid and gas became fainter, lost its curvature, 
and finally disappeared at 30‘!F(ii. *Tho space 
was then occujiii'd by a homogeneous fluid 
which (‘xhibited, w hen the pressure w'as suddenly 
dinumshed or the temperature slightly lowered, 
a jieculiar apjiearanee of moving or flickering 
.slri.-r tflroughout the entire 

From these results on carbon dioxidtv and 
from analogous results for nitrous oxide, Andrews 
concluded that there is a perfect continuity 
betw'cen the gaseous and liquid states, and that 
for each gas there is a dclinite temjierature 
above whieh it cannot be condensed to the 
liquid state. Tins temperature ho called its 
rnticid lemperature. Tlie ‘ Cagniard de la Tour 
jioiut,’ to whicli Faraday frequently referred, 
and the ‘absolute boiling-pomt ’ of Mendeleeff, 
correspond to the same tomjierature. The 
jiresKure required to elfect liquefaction at the 
critical tcinjieraiure is called its enheal pressure. 

Andrews wars abli! from his results to draw 
a rational distinction between a ‘ vapour ’ 
and a ‘ gas ’ by deliniiig 'them us gaseous sub- 
stances respectively below and above their 
critical tenipi'raturi's. 

As a result of the wwk of Andrews it is 
deal that the general nature of the isolhermals 



for a gas over a range of temperature, including 
the critical point, is' similar to that shown in 
Fig. 1. Each isothermal below tlie critical 
point consists of three distinot parts, the middle 
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portion being horizontal. The ahnciMHa* of its 
extremitioB, e.g. and on the 'J'„ iKothermal, 
represent the specific volnrnos of the substance, 
if the diagram refers to unit mass, as saturaU'd 
vajiour and as liquid under its own vajiour 
pressure at respectively ; intermediate 
volumes correspond to mixtures of liquid and 
vapour. 

The theory of Andrews, that the change from 
gas to liquid is continuous, and that there is no 
essential difference hetwi'cn the two states, was 
adopted by Van di'r VVaals, Avho, in 1H79, j»ut 
forward an equation t.o nqiresent tlu' liehavionr 
of any fluid that does not eliange its moleeular 
eomplexily ofi jiassing from the gaseous to 
the liquid state (Van diu' Wauls, Die (’ontinnitat 
des gasformigen und liussigen Znstandes). 

Tlie characteristic equation for a jierfi'ct. gas 

' .. . piy^. JPi: 

(where p, v, and T dmioto pressure, volume, 
and absolute teniiieiuture resfieetively, un<l It 
is a constant) represents the behaviour of 
ordinary gases accurately only over a small 
range of pressure, and at teinpcratun's sulh- 
ciently removed from tlii! critical point. As p 
increases, at constant, temperature, from atnio- 
spherii! jiroHHure to one or two hundred atmo- 
spheres, the compressibility is initially gieatm- 
tlmn Boyle's Law indieateK, the ]irodnct pr 
diminishing as p increases (Itcgnault, Mem. de 
I’Acad. 21, 3211; Amagat, Ann. ('him. l‘hys. 
1880, [v.J 1!), 345 ; IHHI, [ v. | 22, 353 ; JSS3, Iv.) 
28, 450, 404 ; 1803, jvi ] 20, OH). 'I’lic value of 
pv reaches a innurnuni, and a f( (a wards increases 
with increase of press'uii', so that at extremely 
high jU'essurcs all gases are much l(‘ss eom- 
pressible than is exjircssi'd by Boyh^’s J.aw 
(Nattere|^ lx. ; Amagat, l.r.). 'J’lu' initial 
diminution in tlic value of pv for a gas lioconu's 
less marked .with rise of temperatuie, and at a 
sufficiently high teniju'rature it is not ohserved. 
In the eases ()f hydrogmi, helium and neon, thus 
temperature, altiiougli eonsiderably abU'.-e the 
critical jioint, is much below the ordinal y tem- 
perature, and the values of pv for these gases at 
tliis temperature steailily increase with use of 
pressure from atmospheric jiressure upwards 
(Hegmuilt, Amagat. lx. ; Wrohlewski, Monatsh. 
1888, 0, 1007 ; Witkowski, Bull. Acad. Sci. 
(Vacow, 1005, 0, 30? ; Kamoriingh Onnes und 
l^^aak. Comm. Phys. Lab. Leyden, 1007, No. 07 ; 
Burt, Trans. Faraday JSoe. 1010, 0, 10). 

These rc.snlts can he represented fairly 
accurately by the equation of V’an der Wiials, 

[p + 

the magnitudes of the (.small) constants a and h 
(which may be ded uced from the e\])crimeiital 
values iov p, v, and T) ilcqiending respectively 
ujKm tlie e.xtent to which flic miik'cules of the 
gas attract one another and upon their actual 
volume. This equation, besidi's representing 
the Ix'haviour of comjuvssed gases fairly 
accurately, also gives , ^ome airount of the 
relationship between the liquid und gaseous 
states. 

The equation represents the isothennals of 
a gas over a range of temperaturl including 
the critical point as l>eing of the form shown 
in Fig. 1, with this difference, that those iso- 


thermals below the critical isothermal have 
the horizontal portions replaced by wavy curves, 
as indicated in the diagram by BCDEF on the 
isothermal for The jiassage from vapour 

to liquid IS thus represented as a continuous 
process. The portions nr and ef of the curve 
eoiTCspond with the conditions of superheated 
liquid and supersatiiratc'd vaiionr resjiectively, 
but the portion ( DE of the curve, where p and v 
increase or decrease tog('llier, cannot be experi- 
mentally ri'alised. At the critical point the 
sjiecific volumes of vajioiir and liquid arc 
idontical, and the wavy ])ortion of the curve 
therefoic vaiiuthes 'I’liendore the tangent at 
the critical poin( is lionzoiitul, i.c. dp/dv^i). 
Since, moi cover, the curvature of the critical 
isothermal changes sign at the critical tempera- 
ture, d"p/dd~- 0. These two relalioiis give 

2 2 - 7 ^ RT (r -6) “ and 3m7*^=RT (r - 6)“* 

h k h k Aw 

the snitixes denoling eritieal values; whence 

7;/^ --3/;and 'f^.- 8r//27^Jl 
Suhslituting 111 the original equation, /p.— o/27/j^. 
The enlical constants for carbon dio.vide, cal- 
culated by \7in der AVaals from tlu'se form ill sd, 
were T^^ 32’5U,, - 0*(K)()0, P;- — hi almos., in 

fair agr(*eiiicn( will) 1li(‘ experimental values 
O'OOiit) and 7b atnios. rcsjiectively. 
The ciitical eonslaiits for hyiliogen wi’io deter- 
mined b^ Wrohlewski yMonatsh. 1888, i), 1007) 
iiq a similai manner trom liis observations on 
the eoiupressibjlity ot the gas at low lemjiera- 
lures; bis r<*sulls agree iiondikably well with 
the experimental values iLcwar, t'hein. News. 
1900, HI, 130) und alToul a good instance of 
the utility ol \'an dm' Waals’ theory. For 
further iiifoimation (onei'ining Van di'r Waals’ 
ecpiation, sei* Ncrnsl's Theori'tieal tJheniistiy. 

Li'pii javluni of (fu .^o-v<ill<d 'i^pcrnuntxoif gnftr.s.^ 
- — Till' liquefaction of the tive or six gases 
winch* Faraday and others had been unable to 
lupiefy, and wdueh had hemi called the ‘ per- 
maiK'ut gases,’ was, in the light of Andrews’ 
researches, seen to (ie])end iqion the prodnetion 
of extremely low temjieratiiies, since the 
lowest tenijioratures previously obtained had 
been above their critical points. 

Till' lirst Hueeessf il attempts to effect their 
liquefaetKpi were made' in ]^877. On December 
24th of that year, at the meeting of the French 
Aeadt my, it was annouiiei'd that Louis ( 'ailletet. 
of ChatiUon-sur-Heiiie had liquefied both oxygen 
and carbon monoxide, whilst Raoul Pictet of 
Geneva had succeeded in liquefying oxygen 
(Compt. rend. 1877, 85, 1214, 1217,^1220). 

Tlie method used bv Pictet (Compt. rend. 
1877, 85, 1214; Ann. (’him. Phys. 1878, [v.l 
13, 145; Arch, des Sci. Pl^s. et Nat. 1878) is 
essentiaiily that fllevised by Faiaduy. Oxygen 
was generated by heating potassium chlorate 
in a wTonght-iron tlask. A long steel tube, 
provided at one end with a stop-cock, was 
attached to the flask. The accumulation of 
oxygen in tlie retort and tube ereati'd a pressure 
of 500 atmosi>heres. The tube wa.s cooled to 
■—120" to - 140", whicli is Ix'low the critical 
temjieraturc of oxygen, by surrounding it with 
a copiKir cylinder through which liquid carbon 
dioxide, boiling under reduced pressure, was 
circulated. The liquid carbon dioxide was 
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obtained by compressing the gas to 4- ft atmo- 
spheres, and cooling it externall}’ by means of 
liquid sulphur dioxide, boiling under diminished 
pressure at ~ ft5°C\ The elaborate ajjparatus 
employed was so designed that both sulphur 
dioxide and carbon dioxide could be liquetied, 
evaporated and re-hquidied nqieatedly, so as to 
produce continmwt rmllmf. The oxygen lique- 
fied in the cooled tube, and when the stop-cock 
was opiMied, issued as a liquid jet with great 
violepcss sintie the pressure employed was lar in 
excess of that actually necessary for liquefact ion. 

The simple apjuiratiis employed by Cailletet 
(Ann. ('him. i’hys 1878, j v.j lo, ]H2) is shown in 
l^’ig. 2. 'riie gas IS introduced into a gla.s.s tube, 
TP, the narrow end 
of which consists of a 
stout capillary tulx' 

'*liy means of a midul 
collar. A, and th(> nut 
k', the tube is screwed 
into a strong steel 
cylinder, ii, jiaitially 
Idled wnth mereiirv. 

To comjues''' tia' gas, 
winter IS fotcial into 
the steel c) lindiT by 
a hydrauhe jniiii]), 
through lh<‘ co]i])er 
tube u, winch is last- 
ciied by tlu' seiew’s r 
and V into th(‘ ap- 
paratus ; a jiressun* 
of ‘jcveral hundred 
atmospheres can tliiis 
be ujqdicd A glass 
jacki't. M, and a hell- 
jar c, sup]a)rtcd on 
till' plate s, siUTound 
tli^j (iaj/illary tube. 

The tap r serW“s.to 
run ofi' any liquid 
refrigerant in tin* 
jacket M. 

With this a])para- 
tUH (!ailletet*li(juefied 
acety lene (donijit. 

rend. J877, 85, 851) and nitric oxide (ilnd. 85, 
the latter condensing at — under 
a pri'ssure of 104 atmospheres. Methane was 
not liquefied at 7b" under a pressure of 180 
atmospheres ; but by suddenly releasing the 
pressure, the temperature of the gas \^s re- 
duced sufficiently for liqut'faetion to occur, 
and a tine mist of liquid nfiethane w^as formed 
in the tube. This method was successfully 
applied to oxygen and carbon monoxide {ihid. 
85, 1213). The gases were compres.sed to 3tM) 
atmospheres, and cooled to —29°, The pressure 
W'as then suddenly released, when the resultant 
cooling effect wa.s sufficient* in both •eases to 
produce partial liquefaction, a mist being 
formed of minute liquid droplets. 

The theory of the process is simple. When 
a gas expands against external pressure, it 
performs work. This work is accomplished at 
the expense of the internal energy of the gas, 
and a diminution m the internal energy means a 
fall in temperature. To obtain the greatest 
fall in temiierature possible, it is essential to 
perform ■the expansion witii great rapidity 
in order that there may be no appreciable time 
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for the gas to acquire heat from its surroundings. 
The fall in timiperature experienced by a ^lerfect 
gas when it expands adiabatically from an initial 
pressure pj, at absolute temperature '\\, to a 
i final pressure is given by Tj-Tj, wheio 

(k denoting the ratio of llu' specific heats of the 
gas). In the case of air, where />• — 1-41, if 
p,, ]),, and T, were UK) atmosplieres, 1 atmo- 
spliere, and 273° abs. icsjiccl ivcly, the final 
' temperature should be, 7 1 ’5° abs., or - 291 ■5°C!. 
Although this luimeiical result is necessarily 
souicw'iiat inaccuratt'. owing to the ftlct that air 
undci the above conditions dev lalcs considerably 
' from the hnvs of a piufcct gas, it is sufficient to 
indicate that the adiablflic exjiansiou of a gas 
IS ciijii^blc of producing cxtrimiely low i^unpe- 
rature.s. In Caillctct’s cxpcnm'flits, expansion 
occurred practic^ally under ndiahatic conditions. 

By this method Cailletet also succeeded in 
liquefying uir and nitrogen, and obtained 
indications of the liquefaction of hydrogen 
(Compt. n-nd. 1877, 85, 1279). He also jirepared 
liquid ctliylenc, first obtained by Faraday, in 
l.irgc' quantities, and recommended its use as a 
, rclngerant (Comy)t. rend. 1882, 94, 1224; 

1883, 97, 1115; Ann. Clum. Phys. 1883, [v.J 
29, 153). By cooling comprcHsed inethano 
and oxygen with this rcagctii boiling under 
, iliminishcd prcssuri*, Cailletet obtainccl liquid 
, methane and oxygen in the static form (Compt. 

; rciid. 1884, 98, 1.595; 1885, 190, 1933). 

' A pcu’iod of great activity in connection with 
the hquclaclion of gases followed the jmblication 
of the succc'.ssful pioneering ixpenments ol 
Ihctet, and Cailletet, the subject being taken up 
by Wrobli'wski and Olszewski in (h'acow, by 
IVwar at tlie Royal Institution m London, and 
by Kainerlingh t)imc‘s at Licytlen., The Polish 
physicists occui>u‘d themselves mainly in deter- 
mining the physical constants of liquefied gases. 
To oli,am low temjieratiirc^s, they acted upon 
. Cailletct’s suggestion, and emjiloyed liquid 
i ethylene, whicli lioils at — i92°(^, as a re- 
frigerant. They com})resHcd oxygen, nitri^geii, 
j and carbon monoxide m a stout glass tube by 
means of a modified ('aillcTct puni]) and cooled 
i the gasc*s to - i:ift° by the rapid evaporation 
! under dimini.Hhcd pressure of liquid ethylene, 
! previously cooled with 'Philorier’s mixture, 
j Under a pressure of 22-5 atmospheres, oxygen 
i remdily liquefied. The liquefaction of the other 
j two gast'^ was only effected by compressing 
{them to 159 atmospheres at -~J3ft°, and then 
i slowly reducing the pressure, when a further 
j cooling effect was obtained. In each case a 
j transparent liquid, with a wT*lI-defiiU‘d meniscus, 

! was obtained (Wied. Ann. 1883, 29, 243 ; Compt. 
jrond. 1883, 9ft, 1149, 1225; Monatsh. 1883, 4, 

! 415). The later watrk of these investigators was 
i published separately, Wroblewski, who reached 
I the temiierature of 152°(X by rapidly ovaporat- 
I ing liquid ethylene, obtained considerable 
quantities of4iquid ojygen ; he solidified nitro- 
^n and carbon monoxide, and obtained tem- 
jieratures below -209° by tlie rapid evaporation 
of the corresponding liquids ; studied the utility 
of liquid methane as a refrigerant ; obtained 
indications of the liquefaction of hydrogen: 
and at the time of his death was engaged in a 



134 


LIQUEFACTION GASES 


study of the compressibility of hydrogen over 
a wide range of pressure and at very low tempera- 
tures' (Wroblewski, Compt. rend, 1883, 97, 
166, 309, 1553; 1884, 98, 140, 304, 082; 99, 
136; J885, HKI, 070 ; 1886, 102, 1010; Wied. 
Ann. 188.3, 20, 8(K) ; 188.5, 25, 371 ; 188.5, 26, 
134 ; 1886, 2<>, 428 ; Moiu\tsh. 1885, 6, 304). 

The indepeiuh'nt invosti^^atiunK ol Olszewski, 
in which he Huliddied ethylene, carbon monoxuh', 
nitrogen, and nielliaiie; liqmdied oxygen in 
quantity and used tlie liquid as a refrigerant ; 
obtained indications of llie liquefaction of 
hydrogen and d(‘termim;tl the physical (‘onstants 
of these and other gases, wiu'i' summansetl hy 
himself in '18!)r) (LMiil. Mag. 1805, [v.] 0, JSS; 
40, 202; rj. (^onipl. rend. JS84, 08, .3(i.5, t)I3 ; 
1884, 00. 1.3.3, 184, 706; 1885, 1 00, ,3.50, U40 ; 
188.5, JOl, 2.38; Monatsh. 1884, 5, 124, J27 , 
1886, 371 ; 1887, 8, tiO ; Ann. Phys. ('him. 

1880, [ii.] 37, JC? ; 180.5, [li.] 56, 1.33). * 

The work of Dew'ar at the Itoyal Institution, 
from 1880 to 1805, led to the ])roduetion of 
liquid air. u.xygen, &e.. in large (jnantities by , 
using a li(|uefying plant const rueled of nietal 
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and utiliHiiig liquid clhvleiK' as retiigeranl 
(Froc. Roy. Inst. 1886, 5,5t) ; cf. ibid. 1884, 148 ; 
Fhil. Mag. 1884, [v.| 18, 210). Dewar com- 
menced a study of tfie propertii's of nuA’ler in 
general at low iiunperatures, and ip this connec- 
tion lie made a most valuable contribution 
towards the mampulalion of liqueliisl gases by 


introducing a vessel in which they could be kept 
with the minimum of loss by evaporation. The 
Dtwar (Fig. 3) is simply a double-walled 
flask of convenient shape, from the space between 
the walls of which the air has been exhausted. 
The contained liquid is thereby separated from 
the atmosphere by a vacuum-jacket except at 
the mouth of the ’flask. Evaporation of liquid 
air and similar liquids in these flasks takes place 
only very slowly, since the heat radiated across 
the vacuous space is oidy one-seventh qf the 
total heat wdiicli would reach the inner vessel 
w'ore the jacket to contain air. If dersired, the 
Masks may be silvered on tlu^ inside, thus increas- 
ing their’ elliciencv (c/. Briggs, Froc. Roy. Soc. 
Kdmburgh, 1022, 41, 07). 
i The method of sflJ-iMteiusive refrtgerahov {so- 
I caWd rnjoumim- proccs/i). — The experiments of 
' Wroblew'ski, Olszewski, and Dewar on the* 
jirodpctioii of low temjieratures, jireviuusly 
<lcscrilM‘d, involved no new' principle ; the 
' cascade ’ method of lowiTing the temperature 
by stages, originated by J^ietet, had been 
cmjdoycd, and at tinicH combined with Cailletet’s 
expansion method, fn 1805 a new principle, 
that of jirodiiciiig cold by self-intimsive refrigera- 
tion, w'as introduced almost simultaneously by 
llam]).son and Lind(‘. Briefly, it consists in 
continuously supplying the gas to bo liquefied 
to an apjiaiatus m which it may be cooled 
hy cxiiansion, and utilising each portion of 
gfis, after it has been exjianded and cooled, 
in.loweung tlu; initial li'inpcrature of the gas 
about, to he expanded, unti! the cumulative 
, »‘IT*‘ot. of the cooling jiroccss is sufficient to 
I pioduce liquefaction. For this purpose, the 
highly compressed gas a^tlie ortlinary tempera- 
tuio IS passed downwards through a long copper 
spiral tube, expanrh'd through a throttle valve, 
and the issuing gas passed upw’ards ^over Jtlio 
exterior of the ooppi'r tube.* 

For a. description of Iniide’s liquefying plant 
I a th(‘ Ihiginecr, October 4, 1805 ; J. Soc. of Arts, 
I8!»7, lOOi ; cf. also Eng. Fat. 12528, 1806; Ann. 

I Phys. Ohem.l 80.5, fii.l 57, 328; Ber. 1800,32,926). 

I 4'h(‘ general arrangement of Ifarapsoii’s air- 
i liquclying plant is indicated in Fig. 4. Air is 
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drawn into the compressor through the largo 
purifier, containing slaked lime to absorb 
carbon dioxide, and compressed in two stages 
to 150-200 atmospheres. The compressor is 
water -cooled to remove the heat generated by 
oomprosfiing tho air. Tlie air is then forced 
through a separating vessel, in which most of 
the water used as lubricant separates out, and 
afterwards through tho high-pressure purifier 
containing potassium hydroxide, in wliich the 
remaining water and carbon dioxide arc com- I 
pletely absorbed. The purified air tlion enters | 
the liquolier ; that which passes out is usually , 
returned through (ho luw-jirossuro purifier to ; 
the ('omprohHor, and used again. The ])uriiicrs i 
do not then ha\'e to bo very often rolll!o<r. 1 

Tho Hanipson liqutfior, manufaiiturod by > 
the Britislv Oxygon Oo. (Eng. Pal. lOlfi.5, 1 
•*1805; 777 : 1 , IHOS; ,1. Soc. ('horn. Ind. 1808, 17, : 
411), is shown m section in Eig. 5. Tn desj^ning i 
it, tho following points wore kept in view : , 
the necessity for having a largo, ox]Krsod surface ' 
of material of high thermal conductivity between ; 
the compressed and <‘xpanr]pd air, tin' thickness | 
of the mnti'iial la'ing dnnimshed as far ns | 
possililo ; tho desirability of having both corn- ; 
])resHed and cx])andcd air in small masses in , 
close contact with tho conducting material, ; 
and of reducing tho total mass and volume of 
this heat intorchangor to tho smallest possible ! 
amount, in order to imnimisi' tho mass of metal 1 
to 1)0 cooled down with the gas, and ])r('vent, 1 
as far as possihli', any aoci'ss of heat from tho 1 
surroundings. The ii({uofioi' consists of four 
copper coils, 11 , wound co-axially about a spindle, 
T), arid joined at their lower I'lids to a valve, c, ' 
which’ may he opened or closed by turning tho 1 
hand wheel e attached to the toj) of tho spindle. 1 
A metal chamber, o, .soldered directly to tho | 
casing of tho ends, servos to collect the liquid 1 
air. TlTe wJiolo is^nc.losed in a metal oliambor 
and tho spac'O between this jacket and the 
casing of the coils is filled with non-coaducting 
material. i 

The ])Ui'ified air, the pressure of which is 
indicabid by tho gauge o, enters the liqiiefier i 
through A, travels down th(‘ cods and is allowed I 
to escape through the valve c. The released air j 
immediately expands down to approximately | 
atmospheric pressure, i#id travels hack over 1 
the exterior of tli^i coils b, finally back j 

into the r-ompressor or directly into the at mo- j 
sphere. The expanded air acts with self- 
intensifying cooling effect on tho compressed , 
air which is passing down tlirough the coils, j 
and in from 5 to 10 minutes part of the air 
begins to liquefy and collect in o. Tins receiver 
is em})tiod by turning the wheel t, wliich opens 
the valve p, when tho lujuid flows down the 
hollow spindle k into a vacuum receiver. A 
gauge H, connected by th% tube jiwith the 
receiver o, indicates the amount of liquid in a. 
About li litres of liquid air jier hour can be 
obtained with an ordinary Uampson apparatus, 
and no auxiliary refrigerant is required. The 
interohanger acts ao perfectly that the air which 
leaves the apjiaratus is only about 1® colder 
than that which enters it. About 6 p.c. of the 
air passing through the apparatus is liquefied. 

In the liquefying machines of Hampson 
and Linde, the work done against atmospheric 
pressure as the gas finws along after expansion 


is not. performed by the gas at the expense 
of its internal energy; the necessary energy 
is continuously supplied by tho compression 
pump. A steady stream of gas at high 
pressure is pum^ied continuously into the ‘coils 
of the liqiiefier, and after pa.ssing through 
the valve, is converted into a steady stream of 
gas at low pressure. There is a slight thermal 
effect due to the jierformanee of external work, 
but its magnitude only depends upon the extent 



to which Boyle’s Law is in error in representing 
tho compressibility of the gas. It may bo 
calculated from a knowledgi; of the specific 
heat of tlio gas and its compressibility, and at 
ordinary temperatures amounts to a slight cool* 
ifig effect with all galbs except hydrogen, helium, 
and neon. The main thermal change, however. 
IS duo to free expansion of the gas, and work is 
done in increasii^ the mean distance between 
the molecules of the gas in Oj^osition to the 
forces of molecular attraction. This is performed 
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at the expense of the internal energy of the gas. 
The subject was studied experimentally by 
Joule and Thomson (Phil. Trans. 1863, 14.1, 
367; 1864, 144, 321; 1862, 152, 679) for a 
number of gases, and a slight cooling effect 
was found to be the net result in each case at' 
ordinary temperatures except for hydrogen. 
The fall in temperature was proportional to 


LIQUEFACTION .OF GASES. 



Fiu. 6. 

the fall in pressure (up to 6 atmosjiheres), and 
varied approximately a.s the inverse square of 
the absolute temperature. ' At 17'1®(’. the faV 
in temperature for air is 0-26r»®(’. j»er atmosphere. 

There is a temperature at which the thermal 
effect produced by free expansion (the Joule- 
Thomson effect) nszero. According to Olszewski 
(Phil. Mag. ltH)2, Lvi.1 3, 536) thi.s is -80'5“C. 


for hydrogen, and below this temperature 
hydrogen is also cooled by free expansion. The 
‘ inversion temjx'ratures ’ in the case of air and 
nitrogen arc considerably higher than ordinary 
temperatures, and ajqiear to vary with the 
initial pressure of the gas (Olszewski, Bull. 
Acad. Sci. Cracow, 1906, 792). 

To liquefy hydrogen (and helium) it is 
therefore necessary to cool tlic gas strongly 
before applying the wdf-inteusive cooling process. 
It was by this means tliat Dewar ((/hem. News, 
1960, 81, ’ 136) lirst succeeded in eolJecting liquid 
hydrogen. Travers (Phil. Mag. 1901, Ivi-l 1, 
Vll) and Olszewski (Hull. Acad. tSii. (Vaiaiw, 
1902, (il9; 1903, 241) have since dcsciilied 

modiru'd Hainjisoii liqiielicrs lor jireparing 
liquid hyilrogcu, in wlmji (he hy(''ugen is cooIkI 
b}' liquid an and (hen allowed lo exjtaiul llirough 
a. sjiccially eon.^-t meted valve. Hv tooling 
lu'linm to (he teinjieratine of liquid hydiogeii 
' and fiieii ajijilyiiig the selt-iiitensifying jiroeess, 
Kanuu-lingh Oniuss (('oin})t. lend. 1908, 147, 
421 ; IVoe. i\. Aead. UVIenseh. Amsterdam, 
1908, I), i(i8) siieeeeded in obtaining Itehiim 
i 111 tile Iiijuid state. 

( The hydrogen liqueliiu' di'signed liy Travi'rs 
1 and inanufaetured bv th(‘ Hntish Oxygen ('om- 
I i>any, is shown in Fig. 6. Puri' dry hydrogen at 
i 160-200 atmospheres jaessure, enters the lower 
I end ol the coils a and is cooled by tlie cold 
hydrogen ri'tuimng to the gas-holder. It then 
I jiasses into (he (op oi the euils in the ( humbi'r b, 

I wdiich IS lilled with liquid air, and by the 
time it has leaehed the bottom of the coils it 
is cooled to - lOO^’O. 'J'he cold gas has its 
tcnqiernt lire iow'cred to Ix'low^ — 200'’('. as it 
Jiasses through the coils m chamber r, wdiich is 
coiuK'cted by the pipe i> to a vacuum jiumj), and 
in wdmdi liquid air is boili'd under ilimiiiislied 
pressure. 'J'lu' hydrogen then ('xjiauds through 
the valve f at the end of ( hi'.re#,cnevat6r-eoil n. 
The eooling-etleet is .si'lf-mtensitied in the usual 
w^ay, tbr cooled gas jiussing upwards over the 
coils E, and the outsiiles of the ehamhers n and o, 
liiially cooling the eoil a as: it jiassi's out of the 
ajijiaratus. 'riu' coils b, r, aiul Eoire enclosed 
in a large, silvered vaeuum-jai ki't. luqnid 
hydrogen collects in the vacuum vessel K, which 
IS enclo.sed in a special box, hinged at ll to the 
supporting column alljd jirovided with glass 
wnndows. ^ , 

dlaudc's procf's^^ for liqucfyiruj gasea . — Tlio 
cooling- eflect. produced when a gas expands 
wnt'h the pi'idormancc of exiernal work is much 
greater than that which is pioduced by the free 
expansion of the e.oinjiresscd gas. Mechanical 
dilUculties for many years prevented this cooling 
effect from being intensilied by rendering the 
process continuous, but it has now been effected 
by Claude. 'J’he process, as W'orked by tdaude 
for the liquefaction of air, consists in eomjiressing 
the air to 40 or 60 atmospheres and dividing it 
into two jiortions. One of these is expanded in 
a cylinder to 4 or 6 atmospheres, jierforming 
external work and thereby becoruing cooled, 
and this cold air is then used to cool the other 
part, which can be thereby liquefied. This 
method, when applied on a large scale, needs 
less power than the Linde process ; more* 
over, it may be u.sed as a means of producing 
a low temperature preparatory to applying the 
ordinary self -intensive refrigeration method 
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(Claude, Compt rend. 1000, 131, 500 ; 1002, : 
134, 1568; lOOf), 141, 762, 823; Eng. Pat. 
27658, 1902 ; Fr. Pat. 322107, 1902 ; Linde, 
J. Soc. Chem. Ind. 1911, 30, 744). For further 
information concerning Linde and Claude’s 
jirocesses, v. Oxygen. 

Literature. — Hardin’s Rise and Development 
of the Liquefaction of Gases ; Sloane’s Liquid Air 
and the Liquefaction of Gases ; Ewing’s Mechani- 
cal Production of Cold ; Travers’ Study of Gases ; 
Preston’s I'heory of Heat ; &c. 

LIQUEURS and CORDIALS. Tho general 
eharaoters ^f these beverages Jiave already been 
described under the heading (’i>iti)iAi.s and 
Liqueuks (v(d. 11.), th(j lonner term bmng usually 
applied to Rntish preparations and to such as 
have only one eharactg’isiic flavouring in- 
gredient, and the latter to the foreign variety's 
which are usually of a more eomple.v eharaetcu-. 
The term lujueur is also ajiplu'd to certain 
Wines and s])irits remnrkabh' for their bouc(Tiet 
as ‘ Tokay,’ ‘ Liqueur brandy.’ &c. liuterf! are 
generally classed commercially with liqueuis and 
cordials, and contain one or more ingredients siij)- 
liosed to jiossess tonic and medicinal projierties. 

In ancient times, Inpieuis consisted merely 
of wine ilavoured with Hjiices {as cinnamon) and 
HW'eetencd with honey, and in the Middle Age.s 
various aromatic herbs (as absinth, hyssop, iV'c.) 
v/ere employed m a- similar manner, the product 
bi'ing known as ‘ wine of herbs.’ The ‘liquori ’ 
of lialy W(Te, however, the true prototypes of 
the modem liqueur, as the Italians wm-o the first 
to e.vtrae.t, the aromatic jinneijiles of the roots, 
leaves, flowers, fruit, and seeds of jilanfs by 
means of spin!. iSometimes g<»ld or silver leaf 
in a finely divided state was added to thu liqueur, 
not- only to give lustre, but also becau.si* of certain 
medicinal virtues the.si' metals were .su])po.se<l to 
Jiossess. 

At the*)iresenUtiiue, Franei' is par eirdtom 
the home of the lupicur, and some of th(‘ most 
celebrated varieties have originated at egrtain 
monasteries wdiieh formeily derived eonsideiable 
revenues from their manufacture and sah', *.(j. 


as possible from fusel oil and free acid ; the sugar 
of the finest white crystals or 8Ugar*candy made 
into a clear syrup with distilled or pure soft 
w'ater; glycerol (wheri employed) should be 
highly refined and colourless ; and all the 
flavouring ingredients {e.g. flow'crs, fruits, 
rinds, roots, seeds, &e.) should be sound and 
well-ilried. 

The simplest method of manufacture, 
adopted for the commoner kinds of liqueurs, i.s 
that of merely adding essential oils to the spirit, 
ami fhi'i) file necessary amount of sugar syiuj) 
or glycerol. 

1’he essimtial oils .should be reeenf ly distilled 
and dissolved in from 5 to Iff limes tlnyr weight 
of aleoliol befori* being aihhsh Tne jiartieular 
flavour required can Ihus lx* better attained and 
cloudiness or miikiuess of tlie finished liqueur 
avoided. 

The finer qualities, however, n/e madf by 
macerating the ffavouriiig ingredients in spirit 
of about 85'’ to 00 ' aleoliol by volume and dis- 
iilbiig the infusion. 'I’he distillation 
foniimly (‘ondueted in eopjier stills heated by 
direct lire, then double- bottomed copjiers were 
emjiloyed, and subHecjiiently a 'watcr-bath added, 
blit now steam-jacketed stills only arc used in 
the largest liqueur factories. The middle 
portion of the distillate is used lor thi‘ finest 
liqueurs, the first fractions being rough and the 
last infeiior in character. Syrup is added and 
sonu'times glucose or glyierol to give density 
and imjiart a ‘velvety’ ebaraeter to the liqueur, 
and the whole is boated, well mixed and diluted 
I with water, aftcT wlmii iiltraliou and ‘ lining ’ 
may be found necessary. 

Liqueurs ar<' often elassithal in France 
according to the jirojiortioris of spirit and sugar 
us(‘d, e.g. ‘ cremes,’ ‘ hiiiles,’ or ‘ haumes,’ which 
are heavily sweetened to a tlii(;k oily comwitene.y, 
and ‘ eau\,’ ‘ elixiis,’ and ‘ extrjiits,’ winch are 
perfectly Innjiid and U'ss highly sweetened. As 
a rule, the same jiroporthms are (unployed for 
the sani<‘ quality of liqueur. Tlie following 
grailes may be taken as tyjuttal : — 


JUiu'dtetiue, (Umrtreuse^ Trappxsline, &<•. Other 
countries liave their sjieeial jireparatioiis as | 
Anisette d'Uollaiide and Creme de (Uni'eme 
(Holland^, Allaseh and Kutumel (Russia), 
.Mkerrn^s (Italy), Marm^rhUm (Dalmatia), and 
the various Cockfai^s of th<5 IJnited (States of 
America. 

The number and variety of liqueurs* and 
cordials is very great but the best known are 
comprised in the following list 
Ab.dnth (hiragoa 

Advocaat (Jin (sloe, Ac.) 

Alkermes Kirsch 

Allasch K 11 mm el 

Angostura (bitters) Maraschino 

Anisette NoySu ♦ 

B(';n6dictine Parfait Amour 

Brand)’^ (cherry, &c.) Pejipermint cordial 

Chartreuse Rp tafias 

Clove cordial Trappistine 

Cocktails (American) Vermouth 

Cr^me de Menthe | Whi.skey (ciierry, Ac.) 

In the manufacture of liqueurs, the purity 
and good quality of all tlie ingredients used is a 
matter of the first imjxirtance. The spirits 
should be highly rectified spirits of wine as free 


Oulinnirt; Heniiline Hno Hurfine 

Alcohol at 8.5 ' 2.5 litres 28 32 36 

Sugar 121 kilo.s 25 371 .50 

I Water 07 litres 57 46 34 

It will he observed that in the sujierior grades 
the projiortiouH of alcohol* and sugar are in- 
creased w'lth a corresponding diminution in th» 
projioition of water. 

T’lie tlavouring ingredients are extremely 
numerous ftiid varied in characlen and their 
nature and jirojtortiuiiB used are, jealously 
guarded by the manufacturers as trade secrets. 

T'lie essential jirineiples arc extracted by 
infnfiton with hot sjiint jfif the aromatic 
jirincijde is not too volatil^, the Ingredients 
being first moisteneii with boiling water ; or by 
maceration with cold spirit which may require 
hours, days, or even many months, according 
to the solubility of the essential principles ; by 
digestion or prolonged infusion or maceration in 
heimetically doseii vdfesels v/hen the aromatic 
princijiles are extracted only with difficulty by 
cold alcohol ; or by distillation when only the 
natural essential oils or other volatile flavouring 
constituents are required. The following plants 
should always be distilled by steam ; absinthy 



J38 


LIQUEURS A^T) CORDIALS. 


anise, balms, caraway, cilroneUa, fennel, juniper, 
hyssop, lavender, melilot, mint, orawje, rose, sage, 
and thyme. ^ 

Aromatic tincturcB’ for line in ffavouring 
liqueurs arc sometinieK prepari'd by a kind of 
fractional filtration. Tlic ingredimitH in a finely 
divided state uri! made into a paste with spirit 
and placed in a large futiiud plugged with cotton- , 
wool. Alcohol IS poured in and the extract 
allowed to filter through droj) by drop. The 
first portions are the {lurest and strongest, those 
following decreasing in flavour until the latter 
becomes too weak or even foreign in character. 

Careful nnrinf/ is essential to the successful 
manufin;^!!!’^' of h(|ucurs. 'I’wo separate vessels 
should be einjdoyc.d, the one for fhe essences or 
flavouring ingredients dissolved in about three- 
quarters of th(5 fotal amount of alcohol required 
by the formula, and the other containing the 
syrfi'p togetl^iM' with the ri'st of th(‘ alauhol. In 
this way the danger of the aromatic ]irinci])les 
being thrown out of solution on tlie addition^ of 
the syrup is obviated, and the process of clarifica- 
tion expedited. The adniixtiire should always 
be made in the cold to avoid loss of the llavouriiig 
priueijiles, and the vessels may be licrmetically 
sealed and provided with a scale or gauge rod 
to indicate the (juantity of the ingredients 
admixed. The liqueur should rest for some 
days after mixing, and any defects, detected by 
taste, remedied before* colouring, clarifying, oi* 
filtering. 

Filtration, when nccqpsary, should be t:on- 
ducted as quickly as possible. Tlio older 
methods with cotton, ])aper, or wool in eop])er 
or tin filters are slow and result in loss of spirit 
and flavour. A better method is to use ])aj)er- 
pulp brought to the consistency of thick soup 
with some of the liqueur to be cleared. This is i 
added«to the bulk of the liqueur and the wdiole ! 
passed through, a hair sieve. Natural clearing ! 
is host if time ])crraits. i 

Clarification or ‘ collage ' with ‘ fining ’ ' 
materials is best avoided if possible, Imt is often j 
necessary. 'I’lie principal materials and the ! 
proportions used an* as follows ; albumen, ' 
white of egg (om* egg for every 10 litres);! 
gelatin (30 grams pel* 100 litres) ; isinglass ] 
(10 grams per JOO litres) ; milk (1 litre boiled in j 
100 litres, with 15 grams of alum). Animal or ' 
vegetable carbon, alum, nitre, and various 
‘ filtering powders, *'as ‘ Poudre Lebeuf,’ are also 
•ymployod. For coloured liqueurs, which are 
apt to suffer by this treatment, filtration is 
preferable to ‘ laillage.’ 

Liqueurs containing various flAvouring in- 
gredients iiuprove by keeping, as time is re- 
quired for the intimate blending of the various 
substances in solution. 'J’hc effect of this 
‘ maturing ’ is iprtifioially brought about in 
ordinary liqueurs and those intended for imme- 
diate use by a process »’mown as tranchnge, 
which consists either in heating in a water-bath 
to about boiling-point, or by successive coolings 
with ioe. The object is to suppress the pene- 
trating flavour of the new spirit and to give a 
smooth uniform oliaradter to the product so 
that none of the different flavouring ingredients 
can be individually recomiised. IVanchage 
shoidd be carried out before the coloration, 
clarification, or filtration of the liqueur. 

The plaoe of storage of liqueurs should be 


kept at a uniform temperature of 15“ to 20“ and 
the liqueurs protected from strong light or 
direct sunshine, as this affects the colour, fre- 
quently causing it to change or to be preci])i- 
tated. 

Bitters are considered to be tonic and 
stomachic and to improve the appetite when 
taken in moderation. 'Phey are prepared by 
maceration without distillation. The sub- 
stances most commonly used are cascarilla, 
gentian, orange peel, quassia and wormwood. 
I’he best known preparations are Angostura, 
Khoosh, orange, and peach hitters., A funda- 
mental jirmciple in most hitters is gentian. A 
hitter made according to the following formula, 

' which re])rcscnls the proportions neces.sary to 
' make 20 gallons, iquy be taken as typical : 
fi Ib.s. gentian ; 5 Ihs cinnamon ; 5 Ihs. caraway 
; seeds ; 1 lb. jumper berries ; .J lb. cloves. 

Macerate in spirit of about UO'^ (or fiO p.c.) for 
, l(f or 12 days ; strain, filter, add a syru]) oon- 
sisting of 10 lbs. of sugar to 13 gallons of water, 
j and colour with cochineal. 

[ English hitters may be made by digesting 
j 5 ouiiooK of the outer rmd of dried orange peel, 

I 0 ounces of cinchona hark, 0 ounces of gentian, 

I 8 ounce.s of Curdnus bcnedictus, 8 ounces of 
centaury, 8 ounces of wormwood, and 4 ounces of 
orris root, Avith 12 gallons of spirit about proof 
i strength, filtering and sweetening witli 12 lbs. of 
] sugar 

. Ill fhe following brief description of the best 
' known liqueurs and cordials, the formulae given 
‘ are not mb'uded, in ilie ease of proprietary 
articles, as Angostura, Chartreuse, &c,, to ro- 
pro.sent the exact composition or mode of 
preparation of the liqueurs originally known 
under these names, and the manufacture of 
which i.s carefully presi'rved as trade secrets, 
but only to servo a.s a g'lide to the preparation 
of a more or less successful wnitatiori or substi- 
tute in each instance. 

Absinth (c. article Abstn'ih in vol, 1.). 

Angostura. A well-known ‘ bitters ’ originally 
made by the (lapuchin Friars’ Mission on the 
river (’aroui in South America, and called after 
the ancient name of a city in Venezuela, now 
Itolivar. 

As originally made the essential bitter prin- 
ciple was cxtracteA from the bark of *a plant 
belonging to the order Jiyfacea, genus Oalipca, 
which has valuable febrifuge properties. The 
following formula is taken from the Scientific 
! American C’yelopeedia, 1903 : 4 oz. gentian 
I root ; 10 oz. each of cahsaya bark, Canada 
' snake root, Vh'giiiia snake root, liquorice root, 
I yellow bark, allspice, dandelion root, and Angos- 
! tura bark ; 0 oz. cardamon seeds ; 4 oz. each 
I of Tolu balsam, galanga, and Turkey rhubarb ; 

; 1 lb. each of orange peel and alkanet root ; 
j 1^ oz.i each of •caraway seed and cinnamon; 

I ^ oz. cloves ; 2 oz. each of catechu, ooriander 
1 seed, nutmegs, and wormwood ; 1 oz. mace ) 
i l| lb. red Banders wood and 8 oz, turmeric. 

; T'he ingredients are pounded and macerated for 
I 15 days in 50 gallons of proof spirit, 30 lbs. 
of honey added, and filtered. This formula 
does not purport to represent the composition 
of ‘ Angostura Bitters ’ as made to-day, which 
is the registered title of a proprietary article, 
the ingredients in which have not bwn made 
known. 
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Advooaat, a spirit made in Holland from 
spirit and yolk of eggs and sweetened with 
sugar. The average strengtli is about proof. 

Alkermes. a liqueur originally made at 
Florence snd highly esteemed in the South of 
Europe. The original formula for the Alkermcs 
de S. M. Novella js as follows : Bay leaves and 
mace, 1 lb eaeh ; nutmegs and cinnamon, 2 oz. 
each ; cloves, 1 oz. all hruised ; cognac brandy, 
3| gallons ; macerate for 3 weeks with frequent 
agitation. Distil over 3 gallons ; add 18 lbs. of 
claritiecl siiirit of kormes and 1 pint of orange 
flower water, mix well and bottle. 

Allasoh, a superiiu’ kind of kummel (g.e.) 
flavoured with caraway si'i'ds, hitler almonds, 
angelica root, anise, ins root, ami orange peel. 
It is usually su})ersaturaU‘<l with sugar whieli 
crystallises out in the finished Injueur. Strength 
about 25 u.p. or 43 p o, alcohol by volume. 

Anisette. 'Pho principal varieties, diifcnng 
somewhat in the flavourings used, are AinTcltc 
d'Ams'U'niam and Aniselte d(>. Bordmnx. 'Phis 
liqueur may be made as follows : 4 oz. aniseed ; 

1 oz. each of coriander and sweet fennel seeds 
bruised ; ^ gallon of rectified sjurits and 3 quarts 
of water. Maci'rate. 5 or (i da^^s, distil o\er 
7 pints and sweeten with lbs. of pure siigai. 
The aleoholio strength of anisette is usually 
about 52 j>.e. of (iroof spirit or approxirnatidy 
3(t ]) e. of absolute aleohol by volume. 

B6n6dictine, so culled from a monastery of 
this order in the noith of France where* the 
liqueur was first made. 1 1 is now ])roilnced on ^ 
large scale by a company at Fe<-anij), at a uni- 
form strength ot 75 p.e. proof spirit or 43 p.e. (»f 
alcohol. 

This liqueur may bo prtqiarcd by the f<»llow- 
ing formula : cloves, 2 grams ; nutmegs, 2 
grams ; cinnamon, 3 grams ; balm, peppermint, 
freshly gathered angelica and genepi of the Alps, 
each 25 grams ; •calamus, 15 grams; carda- 
moms (small), 50 grams ; arnica flowers, 8 
grams. 4’hc materials are crushed and *uaee- 
rated for 2 days in -1 litres of aleohol at 85‘'; 

3 htres of water added and the whole ilistillcd, 
taking over 4 litres. A itold syrup made with 

4 kilos, of sugar and 2 litres of water is added, 

the mixture brought uji to 10 litres with water, I 
oolouroii, and filtered j 

Brandy (apneot, chefty, ginger, lemon, 
orange, peach, ras|iberry, <fer.) by macerating 
the fresh fiuits often for prolonged periods or 
mixing the juice with brandy, and sweetening 
with sugar syrup. Frequently ossontial oils are 
used, as ginger -brandy oil, essence of lemon, 
&c., and plain spirit instead of grape brandy. 
Qin and whiskey are similarly used for the 
preparation of fruit liqueurs, as sloe gin, cherry 
whiskey, &c,, and, as in the case of brandy 
liqueurs, plain rectified spirit is commonly em-"*] 
ployed instead of gin or whisMfey. '• 
Chartreuse {aee vol. I,). 

Cocktail, a compounded drink much used in 
America. The spirit basis is brandy, gin, 
whiskey, or other spirits, and the different 
varieties, depending upon the kind of flavouring 
used, are very numerous and sold umler fanciful 
names. A bottle of brandy cocktail may be 
made as follows : one-half brandy ; one quarter 
water; and a wineglassful each of bitters, 
cura^oa, and gum syrup. Whiskey and gin 
cocktails may bo made by the same recipe. 


substituting these spirits for brandy. The 
strength is usually from 60 to 76 p.e. of proof 
spirit. 

Clove cordial may be prepared by the follow- 
ing formula: Bruised cloves, 1 oz. or cssentird 
oil, 1 dram to every 4 gallons of proof spirit, 
if di.stiIlod, this should be done over a quick 
, lire. 'J’ho necessary dei']) colouring is sometimes 
I obtained by means of poppy flowers or <‘ochineal, 
j but more commonly with brandy colouring or 
I red Sanders wood. The cordial is improved by 
I the addition of 1 dram of bruised pimento or 
. 5 drops of the oil for every ounce of cloves. It 
1 18 sweeteiicil with about 3 Ihs. of sugar to the 
i gallon. ^ , 

; Crdme de Menthe is one of the most jiopular 
j liqueurs in the United Kingtioin and is typical of 
I the class of ‘ cremes,’ wliich are highly sweetened 
i and usually flavoured with only one ebaraoter- 
I istic ingft'dient, e g, creme d’anis.. cacao, f af6, 

1 menthe, noyau, orange, the, vanille, (tc. 

I ’I'he inferior grades are mndo by flavouring 
1 jilain spirit with essential oils without distilla- 
tion whilst the superior qualities are jirodiiced 
by inucerating the flavouring ingredients (which 
sometimes include small quantities of others 
besides the principal one characteristio of the 
liqueur) with alcohol and subsequent distillation, 
sweetening, and colouring. 

The following recipe lor ( Verne de Menthe is 
given by De Brevans ('I'he Manufacture of 
I Liquors and Freserves, New York, 1B93); 

! JV‘p})crmint, <i00 gr^nis ; balm, 40 grams ; 
cinnamon, 20 grams ; sage, 10 grams ; orris root, 
10 grams ; ginger, 15 grams. These are distilled 
with 5 litre.s of aleohol at 85^*, the distillate 
sweetened with 3-75 kilos, of wldte sugar, and 
made up to 10 litres. 

Curacoa, so called from the principal island 
of the Dutch West Indies where the yieculiar 
oranges used for the manufacture of this liqueur, 
and known as ‘(kivayoa apples,’ are obtained. 
’J’heso are used }>cfore ripening and are cx- 
I ceedingl^y bittm*. 

'Pbe liqueur is now made chiefly in Amster- 
dam. The dried peel is rasped to a finely 
divided condition, macerated for several days in 
dilute spirit and distilled. A tincture made 
from various s]ii('es as cinnaraon, mace, or 
cloves is often added to the distillate, which is 
I then sweetened with syruji and coloured as 
j desired with Brazil wood, saffron, or caramel. 
T’he flavour is said to bo improved by the additio* 
of about 1 p c. of Jamaica rum. 1’he alcoholic 
strength varies from 60 to 76 p.e. of proof 
spirit, the Average being about 60 p.e. proof or 
approximately 35 p.e. of alcohol by volume. 

The following formula is given by D© 
Brevans : rasped skins of 18 or 20 oranges; 
cinnaraon, 4 grams ; mace, ^^ams ; alcohol at 
Sb'’, 5 litres; white sugar, 1^ kilos. Macerate 
for 14 da vs, distil* without rectification, and 
colour witK caramel. 

Kirsch (see Kieschwa’sske). 

Kummel, a liqueur made chiefly in Russia 
and to some ^ixtent in the other countries on 
th* shores of the Baltft. The princmal flavour- 
ing ingredient is caraway seeds. The inferior 
grades are, as usual, made from plain spirit and 
essential oils, and the superior quauties by 
maceration with spirit followed by distillation. 

The following formuhe indicate the quantities 
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necessary to make 20 gallons : — {«) inferior 
quality: 7 gallons of spirits of wine; I lb. 
essential oil of caraway set^d; 71 drachmsof fennel 
seed oil ; 15 drops of bitter almond oil ; syrup 
made with 40 lbs. of sugar in 12 gallons of water. 
When fin<‘d with alum or soda solution, it is 
ready for use. (h) Sup<-rior quality: 4 lbs. 
caraway seeds ; ^ lb. leiiiu'l ; 2 oz. of Florentine 
ins root. These are macerated w'ltli 10 gallons 
of spirits of w'lne and 8 gallons of water, and 
distilled. 1'he iirst, part of tlu^ distillate is set 
aside beeaiise of its rough eharaoter, and about 
8 gallons are then distilled ovi'r for making the 
line kuinmel, the last fradion of .‘{ or 4 gallons 
being iiiteil for tin* inh-rior grades. To the 
middle fraction a syruji made with t>0 lbs. of 
sugar in 10 gallons of water is added, and the 
wholi' well mixed in an opiui heated \essel. The 
liquor is then cooled and ma.de iqi with water 
to IM gallons, it may b(‘ liiasi witlMsinu^lass 
and stored to mature and mellow'. 

7’h(‘ strength of kiiiiinud varii's eoiisidi'rably. 
viz. from about (»0 to 100 ji.e, oi [iroof sjiirit, the 
average being 75 p.e. jiroof eijinialent to d.'l ji.e. 
of alcohol by volume. 

Maraschino. 'I’lns li(pu“ur W'as originally 
made at Zara in Dalmatia from tin* w-ild mani.'ita 
cherry. The juiee wms fi'inienti'd, distilk'd. 
aged for two or thri'C years, and subsequently 
made into liqueur by diluting with syriqi Such 
liqueur usually eontams .*10 p.e. to -11 ]>.e. alcohol 
and 2(i to liO p.e, sugar. 'TIk' marasehino pre- 
pared from the marasea^'heriy has a delieati' 
fragrance, quite dillermit from products pre- 
pared in a similai' way from other varadjes of 
cherry or other fruits, it contains traces of 
benzaldehyde and of hydiocyanic acid, but 
usually no added tlavounng matters, (hmuine 
maraschino diluted with water, then saturated 
with >-i»dium bisulphite and e\ti acted woth 
other, imparts, its original odour to etlier, 
French, Dutch and American niara.schinos have 
generally an entirely ditTcrent tiavoin from the 
Dalmatian product, and are mad(‘ by ferinenting 
other varieties of cherries with or without the 
addition of other limits (Uiley and iSnllivan). 
Other flavouring ingredients are now' commonly 
used, as cherry leaves, kiiseliwas.ser, jieaeh 
kernels, orris root, raspberries, vanilla, 

Imitation maraschino may be madi* from 
jihiin sjjirit flavoured with hifter almonds, 
ras])berry juice andlirange llower waiter, or wjfh 
wsential oils a.s ncroh, noyau, jasmim', and 
vanilla. 

The strengtli varies fiom 55 to 75 ]i,c. of 
proof spirit, average (iff ji.e. jiroof ol- 2!) p.o. of 
absolute alcMiol by volume. 

Noyau is distilled from brandy macerated 
with or distilled from hitter almonds, sometime.s 
with the addition other flavourings as (*iiina- 
mon, coriander seed, ginger, mace, and nutmeg. 
The almonds are oeeasi^ialiy replaced by 
apricot or peach kernels or by oil of bitter 
almonds or its substitute nitrobenzene. The 
flavour is due e.hielly to the jiresenee of prussic 
acid and the liquor should therefore be u.sed 
sparingly. It is frequenfly coloured pink. ^ 

Parfait amour may be made by flavouring 
spirit with tlie peel of 4 lemons, 1 dracbiu of 
essence of vanilla, and 3 lbs. of sugar to the 
gallon, colouring with cochineal. I’he essences 
of lemon, cloves, and mace are also employed 


in some varieties of this liqueur. The average 
strength is (JO ji.e. of jiroof spirit or 34'5 p.e. of 
alcohol by volume. 

Peppermint cordial (know^q also as ‘ Eau des 
(diasseurs ’ or ‘ Sportsman’s cordial ’) is prepared 
from oil ol peppermint, jilain spirit, and sugar. 
The following is a reeijie for making 100 gallons : 
English oil of [)e[)penmnt, 5 oz., is added to 3 
pints of recti fil'd s2)irits of wiru', well shaken, 

! and placed in a cask capable of holding 100 
I gallons. ;{() gallons of ])iTfectly colourless and 
flavoiniess sjunt at firoof strength are po*nred in, 
and file w'lioli' wi'll shaken for |0 rnnntes. A 
.<-01111100 of ]»ure sugar, 2j ew't. in about 35 
gallons of |>uie soil, wafer (preferably filtered 
rain w'aler) is adiled, and file eontenls of the 
eask w'ell ni m magi' d ,ifor J5 iiiinutes. kSnflieient 
wafer to make flu* quanlity up to 100 gallons, 
and eontannng 5 o/,. of alum m .‘•■olution is next 
addl'd, and ilie wiiole again wi'll agitated for 
a fjiiarter of an Jioiir. diie eask is then bunged 
down and aJIow'ed to ri'st for a forf night. 

On a sniaJI scale, pe])j)ermint cordial may be 
prepaird liy faking a jiinl I'aeh of jicppermint 
wat<'] and gin or jilaiii spirit of about 20 n.[). and 
aiiding 'I lb. of sugar. IVjipi'i'inint wafer is jire- 
jiared by mai'ciating pcjipermint flowers m 
about 4 tinu's tlieii weight of w'afer containing 
aboul 5 ]) c. of salt. 

Ratafia. 'I’lus term is apjilieci to liqnenis or 
eoidials IIh' basis of which is the juice of fruits, 
olilained eilhei by niaei'iation or smijile [ires- 
siiri'. One of (}i(< mosi mijiortanf is Ratafia de 
('assi.s, niiuK' from black (‘urranls, but other 
]m]py fruits, ('sjK'eiully apiiiots, elu'iTies, goosi*- 
bi'i’i K's, oranges, jx'aelies, raspberru's, and 
strawfx'iTK's are also commonly used. V^anous 
other flavourings as spices, ginger, orris root, 
&('., are occasionally added 1o give variety of 
flavour, 'liie following foriinila for the prejiarii- 
tion of <’hcrr\’ ratafia may Ixwlakeii iVs tyjueal : 
20 lifri's of elierry jinee ; 2(1 lilies of alcohol at 
85'';*J:V5 kilos, of sugai, and 4 to 8 litres of 
hitter almond water. 

Trappistine. Originally jirepared at one of 
the Trafipi.st monasteries m Italy. Recipe: 
large ahsintlu', 20 gi’ams ; angelica, 40 grams ; 
mint, 80 grams , (‘ardamom, 40 grams ; balm, 
.30 grams ; myrrJi, 20 grams ; calamus, 20 grams ; 
einnamon, 4 grams f cloves, 4 grains ; inacc, 2 
grams; alcohol af 85°, 4-5Jit.r(:K ; wliite sugar, 
.3'75 kilos. The method of jirepiiration is similar 
to that ileseribed for (’hartreiise (i. vol. L). 
After macerating for 2 days, distil and rectify. 
Add svTiip and colour green or yellow. 

Vermouth. The principal varieties of ver- 
mouth are tlio French and Italian, the basis in 
each ('tise being white wine flavoured with 
various lierb.s. Inferior kinds are made from 
brandj'^ or other sjiirit sw'eetened and flavoured 
with o.s%ential oihs. The French variety is less 
sweet and stronger in bitter principles, parti- 
cularly w^ormwood, than the Italian. 

The following recipe by Ollivero may be 
used for Italian vermouth ; ](K) litre.s of white 
wine of Picardy ; coriander, 5(K) grams ; rinds 
of bitter oranges, 250 grams ; orris root, pow- 
dered, 250 grams ; elder flowers, 200 grams ; 
red cinchona, 150 grams ; calamus, 150 grams ; 
126 grams each of large absinth, holy thistle, 
[Cardmis benMktus), elecampane (roots), little 
centaury, and germander; Chine-se cinnamon, 



100 grams ; angelica root, 65 grams ; 50 grams 
each of cloves, galanga, and nutmegs ; and 30 
grams of cassia. Digest for 5 or 6 days, draw 
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olT the size with h.sh glue and allow to 

stand for J5 days, • 

The strength of vermouth is usually betwt'on 
23 and 30 p.e. of proof spirit, the average Ixung 
27 p.e. or l.3-5‘‘' ot alcohol by volume. 

The abo\o table, by Koiiig, shows the 
results of analysis of some, of the best known 
liqueurs and eoi dials. 

J. a 

LIQUEUR DE FERRAILLE. h \'inc acciulc 
V. A(;ktic acid. 

LIQUID STORAX ^ . Bal.sams. 

LIQUORICE. I ’lie root, ol (Hi/cifrrliiz(t <jl((hr<( 
(Linn.). (Jultivated chiefly in Spam, Kus.sia, 
Italy, and to a small extent in (rcrmany anti 
England. It reiiuires di'ep, l<;rtilo .sod. Wild 
plants supply a considerable quantity in Asia 
Minor, and in some portions of Hiissia. The 
Spanish product is generally prelerred to the 
llusHian, since the latter is somewhat bitter. 

The following analy.ses are given by Konig — 


o ./. O -r, 

vSpanLsh liquorice 8'8 12 t) 3'7 7 4 2'1 43-0 17-7 4*4 
Russian ,, S.7 tt‘3 3-1 b't) lO'l 38'4 18*8 5'4 

Liquorice owes its characteristic sweet taste 
to the’ presence of (jlycijmhizin (the ealeium 
and potassium saUi^ot glycyrrlnzic acid) which 
is present to the extent of about 8 ji.c. 'Po 
extract this, the roots arc treated with, cold 
water, the liquid boiled to precipitate albumi- 
noids, filtered, and dilute sulphuric acid added, 
when the glyi^yrrhizic acid is precipitated in 
pale yellow flocks, which soon become a dark 
brown, sticky mass. This is then washed until 
free from acid and dissolved in dilute ammonia. 
By evaporation to dryness of this liquid, the 
“ glycyrrhinum amruoriiaeafc ” is ojitaincd, 
which serve.s as a sweetening agent in the pre- 
paration of medicines, m porter- brewing, and 
also as a sweetmeat. 

Liquorice also contains a yellow colouring 
matter, and from 2 to 4 p.e. of asparagin, 
malic acid, starch, a little taiuiin, sucrose, 
sapoiiins, glycyrrhetic acid, &c. (r/. Hoasemann, 
Amer. J. Pharm. 1916, 88, 97. 

Estitnation of Qlycyrrhizin in Liquorice 
Root . — The root is grouna to pass a twenty-mesh 
sieve, and dried at 50°C. to a moisture content 
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of less than 2 p.e. Three grams of the powder 
are treated in an extraction apjiaratus with 
50 c.c. of ether, dried and transferred to a 100 c.o. 
centrifuging tube to which 75 c.c. of 75 ]).c. 
alcohol are added. After frequent slirrmg, 
followed by standing overnight, the tube is 
centrifuged, the clear liquid is poured off, and 
the alcoholic extraction of the residue twice 
rejieated. The mixed extracts are evaporated 
to dryness, dis.solved m 10 c.c, of water, filtered, 
diluted to 20 c.c,. and ]»recipitated by the 
addition of 3 e.e. of 10 p.e. sulpliunc acid. The 
ri'sidue is washed with two 5 e.e. portions of ice- 
cold water .saturated with ether, and dissolved 
111 .30 c.c. of warm 9.5 p.e. alcohol. '/•ho acid 
solution and washing.s arii mixed an^ neutralised 
by the addition of ammonia, evaporated to 
about 5 c.c.. and treated with 2 e.e. of 10 p.e. 
sulpliunc, acid, and the jirecipitato washed with 
ic(‘d (4 h('*--wat(T as above. Tins precipitafl' is 
dissolved in JO c.c. of warm 95 p.e. alcohol, 
filtoriul and added to the alcoliohe solution of 
the lirst residue. To the mixed solutions two 
dro|)s ol 5 p.e. ammonia are added, the solution 
(‘vapoiatcd to dryness, and the residue dried 
at JOO’t’. and weighed. The method yields 
K'siilts considiTably higher than do ]irevioiis 
methods, ami the glycyrrhizin obtained is light, 
in colour, intensely swi'et, and free from resins 
and hitter substances (Housemann, Amer. J. 

• Pharm. 1921, 481-495). 11. J. 

LIQUORICE ROOT. Ulycyrrhiziv Radix. 
ll.P. ; (llycyrrJnza, ^ll.S.P. {Riylimc, Kr. ; 
Rusfiholzwurzd, (ler.).'*‘ The peeled root of the 
underground stems of the (Uycyrrhtza glabra 
(Linn.), a plant inhabiting tlie south of Europe 
and (Central Asia {rf. Bentl. a. Tim. 74). 
Liquorice, or its solid aqueous extract, the 
i ‘ tSjianish juice’ of commerce, has long been a 
' favourite demulcent in tliroat alToctions,#and is 
used as a baxatne. It tinds also a considerable 
employment in porter- brewing. 7’he IJ.iS.P. 
admits in addition Russian liquorice from 
U. glnbr^i glandnlifera (Regel et Herder), 

The root was exammeil ehomieally many 
times since 1808 ; fonm exhaustive bibliography, 

' .w Jdnz (Arch. Pharm. 19H), 254, 216). It wa.s 
found to contain glycyrrhizin or hquorice sugar, 
the most iin]»ortant constituent, together with 
an acrid oil, asparagin, malic acid, darch, traces 
' of tannin, and other substances common to 
; plants. * 

Glycyrrhizin has been further studied moi» 
recently by 'J’sclurch and (’ederberg (Arch. 
Pharm. 1907, 245, 97) and ’I’schireJi and Gauch- 
mann {thidf 1908, 246, 545 ; 1 909, 247, 121). It 
■ consists of the jiotassium and caleiilm salts of a 
I tribasic orystalhno acid, glycyrrhizic acid 
(a 4 H« 40 i» (E 44 Hen <\8 according to Kasenack, 
Arb. Rciehsgesundh. Amt. 1908, 28). GJycyr- 
rhizic acid melts at 205°, it his a sweet taste and 
is optically inactive^ A hexa-acetyl derivative 
has been obtained, m.p. 210°. Glyi^yrrhizie acid 
does not reduce arnmoniacaJ .silver solution or 
Barreswil’s (Eehling’s) solution. When fused 
with potash it yields acetic and oxalic acids; 
distilled with 2inc dusl^ najiht halenc ; and when 
ojudised with potassium permanganate, phthalio 
acid. If glycyrrhizic acid is boiled for 6 hours 
with water containing 3 p.e. of suljphuric acid, 
air being excluded, glycyrrhetic acid ^^82^^48^ 7 
(hitherto known as glycyrrhctin) is precipitated. 
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It can bo obtained crystalline from acetic acid, 
melts at 210®, is monobasic, and forms a diaoetyl 
derivative melting at 219®. The solution from 
which this acid has sojiarated contains glycuronic 
acid, and the hydrolysis is expressed by the 
equation : 

Qlycyrrhizic acid contains f» hydroxyl- and 
3 carboxyl-groups ; tlio acid ])otas8ium and 
ammonium salts cryslallisc well. The former, 
OjjfIjaOjgK, IS one of the sweetest of vegetable 
substance's ; the taste is still jierceptible at 
1 : 20 , 000 . 

'rive cj^ru^ contains about 0-7 p.e. of glyeyr- 
rhizic acid. ' Mannitol is jirosont in the lupiul 
from which the crude clycyrrhizic acid has been 
prccipiiateil with sulphuric acid, but it is not 
present in the origmaJ drug. 

uy distilling Nfiaiiish lujiionoe root, llaensel 
(Pharm. Centli, 10, 533) obtained 0-03 p.c. of an 
ethereal oil, the Russia n roots yield 0‘035 p.e. 
These oils are not identical, for whilst the 
Russian oil is dextrorotatory, the Sfiaiiish is 
laovorotatory. 

Linz (Arch. Pharm. 1910, 254, 05, SI, 204) 
has given an elaborate review ol 27 nudhods 
jfor dok'rmining glyeyrrhizic acid in ‘‘4]»aiiish 
juice ' and liquorice root, 'the best si'cms that 
of Parry (Chemist and Druggist, lOJO, 20), 
which was followed in pnnci])le by Housemann 
(Amer. J. Pharm. 1912, H4, 531) and by Linz. 

Russian and Persian Ihiuorice root, from 
G. gla7idvlifera, W. and K., contams in addition 
an amorphous bitter substance, (llyeyrrhizie 
acid is also present in the roots of Polypodimn 
vulgare, P. poimiiifidum, Pertatid/a incdUcrmnm, 
in the shoots of Mgrrhis odoniUt, m the hark of 
Chrysopliyllurn. glyryphUviim, and po.ssibly in 
other ]j:iant8. 

Few words have siilfered .so many distortions 
as liquorice. 'I'lio original Creco l<atin ghjcyr- 
rhtzn, literally sweet-root, was corrupted into 
Latin Ihgniniia, wlicnce French Italian 

legonzny rcgohzia, and (jernuin Ijohiizc. The 
mid-Fiiglish form Ikons would appear to have 
been iiihuoneod by Orris, a ])lant which also liad 
a sweet root, while the modern spilling is perhajis 
due to liquor (Weekley, 'the Romance of Words), i 

G. R I 

LITCHl NUT. The Chinese hazel nut 
{Litchi rhnifwis, Sinirier) occurs in Du' tropical 
countries of the East where it is cultivated for 
medicinal and edible pur[)o.ses. Contains a.sb 
1-5, protein 2-9, ether (extract 0'2, fibre and 
nitrogen-free extract 77 ‘5, water 17*5 p.e. The 
alcoholic extract has a ciqiric reducing jiower 
equivalent to 53 p.e. invert sugar, crude fibre 
0*4 p.c. rdal acidity 0*25 p.c. citric acid 
(Read, J. Airier. Chern. Hoc 1918, 40, 817). 
LITHARGE V . Lead. 

LITHARGITE and MASSICOTITE. Minera- 
logical terms for the native forms of the well- 
known substances litharge and ma.ssicot, which 
were formerly included together under the one 
name (litharge or massicot, or sometimes lead- 
ochre or plumbio-oehre). ** J^end monoxide Pk() 


and negative. They have, however, not been 
obtained in sufSoiently gqpd crystals for an 
exact determination of their characters, and 
there is some confusion in the optical descrip- 
tions (A. Scott, Min. Mag. 1914, 17, 143). 
E. S. Larsen and E. 'F. Wherry (Amer. Min. 
1017, 2, 18) propose to restrict the name litharge 
or lithargite to the yellow orthorhombic modifi- 
cation, and massicot or massicotitc to the red 
tetragonal modification. Larsen describes 
minute brownish-red scales from ('alifornia and 
some other localities as being built up of the 
two minerals— the central portion of the plates 
consisting of lithargite and the borders of 
massicotitc, the latter being probably an in- 
version product of the former. As a fine scaly 
or earthy encrustatipn one or other of these 
modifications is not uncommon as an alteration 
product of lead ore.s^ though generally in small 
amounts. In particular, it has been recorded 
fro'm .several localities in Mexico, occurring 
sometimes as a volcanic product ,* and in certain 
streams it has been collected in considerable 
quantities, L. ,1. S. 

LITHIA MICA r. Lithiltm. 

LITHIUM. Syni Li. At.w. 5*94 (Hagen, 
Mallet, 'I’roost, Diehl, Stas. Dittmar, Richards 
and Willard) 'I'his metal occurs iri combinatiorj 
with silica, alumina, and the alJsah metals in 
l( pidobtc or Ilf hid mu a, pciidilc (containiTig jd.os- 
])hutos of lithium, iron, and inanganc.se), spodu- 
7nr7u\ Inphykiii', and cmhhjqonili , usually to the 
extent of 3 to fi p.c. (.1. Hoc ( -hem. Ind. 18, 877). 
Also in ])silomeiane, in a hexagonal variety of 
zinc Huljihidc, schalenblcndc, and in many radio- 
active miTK'vals particularly oarnotitc (Gleditsch, . 
Doinpt. rend. 145. 1148; J4(i, 331); Ramsay, 
dud. ]4<i, 45(5; McGoy, Nature, 1907, 79). 

Litluiim is Avidcly distributed. It occurs as 
eliloridi' in most sjiring w^aters and m sea water. 

A mineral sjuing at Wlu'al Gi'illoid, bear Red- 
ruth, contains 20 grams per gallon (Miller, But. 
Assoc^ Trans. 1804, 35) ; Idiillips has found 34 
grams per gallon in a salt spring m Huol Heton 
cu})j)cr mines in Cornwall. It is found in most 
plants, <‘s])eoially in the leaves (Tschermak, 
Clu'in. Zentr. 1899, ii. 1127). 'Fhe ash of tobacco 
has been found to contain 0*44 p.c. of lithium 
chloride (Fruchot, (kmipt. rend. 78, 1022). The 
presence of lithium ifi excess appears to lie gene- 
rally injurious to plants, also occurs in nil 
the organs of the human body, particularly the 
limgs»(iI(Trmanii, Pihigers Arehiv. 109, 26). 

■ lathium was first isolated by Brandes, but 
first jircpared in quantity by Bnnseii (Pogg. Ann, 

I 94. 107). The metal cannot lie obtained by ignition 
I of Hio ('url)onate with carbon, or of the hydroxide 
I with iron, hut is obtained by the electrolysis of 
1 a mixture of equal w'eights of lithium and potas- 
sium chlorides (Guntz, Conipt. rend. 117, 732)„ 
RufT angl Johaimaeu (Zeitsch. Elektrochem. 12, 
186) recommend a mixture of lithium bromide 
with 10-15 p.c. lithium chloride, using a carbon 
anode and two iron rods, 4 mm, diameter, as 
cathode, the current requii-ed being 100 amperes 
and iO volts. According to Borschers (Cbem. 
Zentr. 1895, ii. 13), lithium can be obtained 


is dimorphous, existing as a yellow orthorhoinhic from its ores by making the solution of the 
([>seudo-cnbic) modification with sp.gr. 9*29, chloridi's of the alkalis and alkaline earths 
n^n refractive index ^ 2*61, optically biaxial slightly alkaline, evaporating in an iron vessej, 
and positive ; and as a red tetragonal modifica- fusing the residue thus ootained with am- 
tion with sp.gr. 9*125, w 2*64, optically uniaxial moniuni chloride and electrolysing the mass 
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with a current of 1000 amperes per square metre 
of cathode surface and 6 volts. The upper rim 
of the iron crucible *S8 kept cool by a current of 
cold water, the surface thus being protected 
from the atmosphere by a thin layer of solidified 
metal. The metallic globules are then placed 
in a paraffin bath at J30°-200‘^ when the pure 
motal rises to the surface. Lithium can also bo 
obtained by heating the hydroxide with mag- 
nesium in a tubulated iron retort when the 
metal distils over (Warren, Chem. News, 1896, 
0 ) ; or4)y the electrolysis of lithium chloride in 
pyridine sojption (Kahlcnberg, J. Thys. Chem. 
1*899, 3602). The metal is also deposited cleetro- 
lytically from other organic solvents of its 
chloride (Patten and Mott, J. Phys. Chem. 1904, 
8 , 153). 

Lithium is a mixture* of two isotopes of 
masses 6 and 7 (Aston). 

The statement that traces of lithium are 
foi'incd in the degradation of copper by radium 
emanation (Cameron and Ramsay, (Ihem. >Soe. 
Trans. 1907, 1593) lacks eonfirmation (J^erman, 
ibid. 1908, 1775 ; Curie and Clediiseh, Compt. 
rend. 147, 345). 

PropcH iC'9 , — Lithium is a silver-whiie metal 
which tarnishes and oxidises loss rapidly than 
potassium or sodium, it is softer than lead, but 
Jess tenacious. Its sp.gr. is 0*589 to 0*598 
(Bunsen), lower than that of any known solid. 
Tt melts at (Ruiisen), J86'' (Kahlbaum, 

Zeitseh. anorg. Chem. 23, 220), and volatilises 
at a bright red heat in a current of hydiogen, 
forming lithium hydndf^ LiH (Cuntz, Compf. 
rend. 122, 244). Electrolysis gives lithium as 
the cathode and apparently hydrogi'ii us the j 
anode, this being the lirst obsiTvod instaiiei' of [ 
hydrogen functioning as a negatively charged | 
ion. iSi).gr. 0*810. At a temperature somewhat 
above its melting-point it hums with an in- ! 
tense white lights When heated, it burns in j 
chlorine, bromine, iodine, and sulphur vajiour, j 
and m carbon dioxide. In water it oxidises, | 
but does not fust*. It absorbs nitrogen oven in 
the cold, being the only metal that does so 
(JDeslandres, Compt. rend. 121, 886 ; Guntz, 
\bid, 246) to form hihvum outride Li^N, m.j), ' 
840°-845®, which rapiflly attacks iron, nickel, 
copper, platinum, porcelain and other sihcatcs. 
When heated in hydrogen* to 250® forms iri- 
lithium arnimnium LisNH^ which on further , 
heating to 480° forliis lithmmde (v. i«/m), an 
extremely hygroscopic substance, evoking ’ 
hydrogen and ammonia under the action of I 
water (Dafert and Miklauz, Monatsh. 1910, 31, I 
981 ; %hid. 1912, 33, 63). 

By nitric acid it is rapidly oxidised, often 
with fusion and igmtion. In dilute sulphuric 
acid and in hydrochloric acid it dissolves 
quickly ; solution is slow in strong sulphuric 
<-acid. At a temperature belom 200° it ^ttacks 
silica, glass, and porcelain. Like other alkaline 
metals it dissolves with formatifin of a blue 
solution in liquefied ammonia gas, a similar 
result being obtained when it dissolves in methyl- 
amine (Moissan, Oompt. nmd. J28, 26). When 
gently heated to 400° in a current of ammonia, 
lithamide LiNHj is formed (Titherley, Che-m. 
Soc, Trans. 1894, 517 ; Moissan, Compt. rend. 
127, 686 ; ibid. 133, 716; Ruflf and Georges, 
Ber. 1911, 44, 602 ; Dafert and Miklauz, Ber. 
1911 , 44, 809). 


At the ordinary temperature, lithium with 
dry ammonia gas forms a liquid wliich. whop 
rapidly evaporated at 70°, yields a brewnish-red 
solid, lithium ammonia LiNHg (Moissan, l.c.). 

Lithium forms several amalgams with 
m^cury (Kerp and Bottger, Zeutseh. anorg. 
Chem. 26, 1 ; Bchukoffsky, ibid. 1011, 71, 403) 
and alloys with antimony, tin, aiul lead of tlie 
type LijM (Lebeau, Com])t. rend. 130, 502 ; thid. 
134, 231, 284). These alloys have lughcr melting- 
points than the const itnenls and arc jiowerfnl 
reducing agents. It also lonns compounds with 
arsenic (Lebeau, ibid. 129, 47) and with silicon 
(Moissan, ibid. 134, 1083 ; Wallace, Zeitsch. 
anorg. Chem. 63, 1). 

Dflvctioii. — Lithium salts prodficc a tine, 
crimson colour in tlic blowpipe flame. They 
are usually colourless, and when in strong 
solution give a preeijntate on addition of car- 
bonates *r sodium pliosjiliatc, in presenefP of 
ammonia. In ]>resence of sodium, lithium can be 
detected by making the solution alkaline with 
[ ammonia, then adding of its volume of 
sodium hydrogen phosphate, after which enough 
alcohol IS added to ptoducc a lieavy pormanont 
prccipitate. On boiling, the solution will be- 
come pcrh'ctly clear it lithium is absent, for 
litliium phosphate is insoluble in boiling alcohol 
(Benedict, Amer. {3ieiii. d. 32, 480). 

Eor its ahHorplwn .spedrum^ see Bevan, 
Proc. Roy. Soc. 1911, 85, A, 54. 

Edimation. — The estimation usually entails 
tho separation from potassium and sodium. 
For this sejiaratiou Mayer's process is most 
satisfactory (Aiinalen, 98, 193). Tlio solution 
containing the alkalis as chlorides is treated with 
sodium [»liosphat.e {nbnoluldy free from alkaline 
earth pliospnates). and sufheient sodium hy- 
droxide to keep the solution alkaline, and evapo- 
rated to dryness. Sufficient water is added to 
dissolve the .soluble salts, the solution luxated 
gently and filtered after 12 hours. Tlie precipi- 
tate IS washed with a mixture of 1 part of water 
and J part of ammonia (of which liquid 3920 
parts dissolve only J part of lithium phos- 
phate) ; the liltrati' and first two washings are 
e.va])orate(l and taken up as before, any j*eRidue 
of lithium pliosphato being added to the bulk of 
precipitate. The procijutato, dried at 100°, has 
the (somposition Li,P 04 . * 

Kahlenberg and Krankopf (Amer. (3iem. J. 
30, 1104) recommend the ^following method. 
The solution of mixed clilorides is evaporatech 
to dryness and the residue is boiled with pyri- 
diiio. The solution is decanted through a small 
filter and the residue is again treated witli 
j pyridine several times. The pyridfnc filtrates 
are now distilled and the lithium chloride 
I residue is converted into sulphate by evapora- 
[ tion with sulphuric acid and weighed as such. 
According to Bchieffelin anti Lamar (Amer. 
Chem. J. 24, 392) a g^od w*ay of estimating lithia 
in lepidolite is to disKolvu the alkali chlorides 
obtained in the usual way in about JO c.c. of 
hot water, a drop of hydrochloric acid is added, 
i then a little ammonia and ammonium oxalate ; 
thtsolution 18 filtered aftd tlio filtrate evaporated 
until it coiTiinenees to crystallise (about 1-2 c.c,). 
A drop of water and of hydrochloric acid is 
added, then 16 e.e. of amyl alcohol, it is then 
concentrated to lialf its volume, cooled and 
filtered into a platinum dish) the residue is 
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wawhed with amyl alcoliol until the washings 
are free from lithium, the amyl alcohol extract 
is evaporated below the boihng-}>oint and the 
residue converted to suljdiate. 

For methods of estimating lithium m mineral 
waters, compare (.Varnot (dompt. rend 107, 336 ) ; 
Waller (J. Soc. (yhem. hid. JHJtO, 1066); Kazoh | 
(Gazz. chim. ital. 31, i. 40). 1 

Kxlriictinri of -Kinely powdered lepido- ' 

lite or petahte 10 jiarts, is mi.\(‘d with barium 
carbonate 10, barium suljihatc 6, jiotassium 
sulphate 3, and ignited at the highest temjK'rii- 
ture of a wind furnace. I'wo layers are thus 
produced, the lower nf harium silicate and sul- 
phate, the upper of wlnti' suljdiate of }>otassnim 
and hthiuirl. It is lixiviated with water and 
treated with harium chloride to convert the 
alkalis into chlorides and to precipitate the sul | 
phuric acid as barium suljiliate 'The solution , 
is fr/aporated to dryness and digesligl with a | 
mixture of cfjual jiarts of absolute alcohol and ; 
ether, in which the lithium chloride dissolves ' 
with only a trace of ])ota.ssium and sodium ' 
chloride (T'roost, (Vunjit. rmid. 43, 5>21). | 

According to Muller (.^nnahm, K.l, 251),; 
tnp/n/lnir IS dissolved in hydrocldoric acid, the , 
iron oxidisivi to ferric chloride by the addition of | 
nitric acid, the phosphoric acid piecijui.atcd by I 
a jiersalt of iron, the mixtuic esaporated to ' 
dryness, and extracted with vater. Manganous ; 
and lithium (dilondes are thus dissolved ; +lie ' 
former IS precijiiiated with bainim sulphide, the 
excess of barium being ichiummI b\ tin* addition 
of ammonium carlionate or sulphuric acid. 'I’he 
flolution is evaporati'd with oxalic acid and the 
residual oxalate igiiitcil to carbonate. 

The liiK'Iy ground and sifted lepidohte is 
made into a thin juiste with (‘oiiccntrated sul- 
phuric acid, in a warm brick tiough, and digested 
and slurred until it comiiienccs to uuglonierate. 
It IS then calcined in a rc\ ci bmatoi y furnace, ! 
and, whil(‘ waiiii, well lixiviated with water and 
filtered. 'Die lyi* is mixed with sulhcii'iit ])otas- 
sium sulphate to convert all the alumina into I 
alum, and the solution decanted from the alum j 
meal. 'I'hc remaining alumina is jirecipitated ; 
by niiljjv of lime, the alkalis arc converted into | 
clilorides by addition of barium chloride, and the 
solution eva]jorate<l to dryness. The chlorides 
of Uthiuni and calcium are extracted with 
absolute alcohol, the alcohol evaporati'd, and 
the calcium jirccquvated by ammonium oxalate, 
^and any heavy metals removed bv a little am- 
moniuin sulphide. 4’he solution is eva^iorated 
to dryness in a silver basin (r. A. W. Hofmann, 
Diugl. pnly. J. 21 ‘.1, lt<3, and FclsiiigVT, tfnd. 222, 
385). 

Powdered amblygonite or other lithium oro 
is intimately mixed with pinvdered sodiuni 
bisulphite and the mixture heated in cast-iron 
retorts, the hydrochloric acid and silicon lluoride 
disengaged being collecdcd. 'The mass is then 
transferred to a refractory earthen ve.ssel and 
heated to redness, d’he product is lixiviated, 
filtered, and aliimimuni, copper, and iron are 
precipitated by a very small projiortioii of 
sodium carbonate. Aftn-r liltrafion it is a^ain 
treated with sodium carbonate when hthniin 
carbonate is precipitated. The insidublc residue 
of the lixiviated product is said to be rich in 
phosphorus and can be used as a manure (J. 
Soc, Cdiein. Ind. 1906, 884). 


! Finely powdered lepidolitc Ls mixed with 
1 10 p.c. more than its weight of sulphuric acid 
! and heated with frequent stirring for 8 hours at 
j 112''-340''’ ; 97 99 ]).e. of the ore is thus de- 
! conqiosefl. I’lie mass is leached with water and 
' the siJiea separated. The solution is now 
treated with sufficient potassium sulphate to 
convert the ahimimum sulphate to alum and 
allowed to stand for 6 days when precipitation 
IS complete, the decanted liquor is treated with 
whiting, boiled, and the alum yireeipitated as 
aliiriitc by adding aJuniinium hydroxulb. The 
last traces of alumina are removed by again 
treating tiu' liltrati* with whiting. The solution 
is tlieii boiled, made alkaline with slaked hme 
and eoiieentrated. Copjier sulphate anrl mag- 
nesium and iron oxides are removed in the usual 
way ami the solution eonsistmg of lithium sul- 
})hate is added to a solution of jiolassium ear- 
honate, when iithium eai l>i>nate is precqutated, 
aiixl is washed and ilneil (Schietielin and Papjion, 
.1. Soc. (Micm. Ind. 1908, 549). 

Acconling to Wadmati 1907, 409 ; 

1908, 122), pure lithium carbonate can be ob- 
tained by heatmg the ore with an alkaline 
suljiliate such as K\SO,,. 'I'lic solution of sul- 
})hates thus obtaiiicil is now treated with 
sufficient ammonia to render tlie potassium 
suljihatc insoluble ami to precipitate iion, 
alnmiuiuui, and magne.sium hydroxides I’ho 
pnaqutute is removed and the lithium precjpi- 
tateil as carbonate. 

According to Z<41 (.1. Sue. (’hem. Jnd. 1900, 
1126), a pure lithium compound can ho ob- 
tained by heating a lilliium oie in the presence 
of caihoii III ail atniosjihero of aci'tylenc. A'ola- 
tilc lithium hvdiogcn tarbidc is thus formed and 
IS d(‘com posed by water mto lithium hydroxide 
and ae-td-ylciK'. 

Lithnou oride Li^O may be prejiared liy 
Ignition of the metal m air oi;,ox\gcif (Holt and 
ISiiiis, Cliom. Soc. Tians 1894, 44.3) ; in solution, 
by [ireeipitalion oi the siilphate with harium 
hydroxide solution. A jiurer product is obtained 
by healing lithium hydroxide or its hydrate 
LiOH, or LifOHfTloO, in a ]>l.itiuum erueiblc in 
a current of dry liyilrogim for about an ’iiour at 
780' (Foierand, ('ompt. rend. 144. 1321). 

[.lithium (‘arboiiate heated similarly at 78()'^-800° 
also yields pure l^hium oxide (Forcraiid, Lc. 

I 1402). It IS yellowish whj[te and sfiongy, less 
j soluble than the oxides of potassium and 
sodt^um. It melts at 4()2'’, and, as it corrodes 
; })latinum powerfully, sliould be fused in a silver 
vessel. 'J’he hydrati'd oxide may be. obtained in 
I small crystalline grains. Lithium hydroxide is 
I used m a eertam type of storage hattery. 
j By mixing lithium hydroxide (Forcrand, 

; (loinpt. rend. 146, 802) with hydrogen peroxide 
ahd then adding an equivalent volume of 
absolute. alcohol*,tlie compound % 

is formed w'hich, wlicn jilaced in a vacuum over 
phosphorus pentoxide. yields Uthium peroxide 
LijOg (Forcrand, Compt. rend. 130, 1466). 
Lithium hydroxide gradually dissolves hydrated 
silicic acid in the cold. A hot Solution forms 
insoluble lithium silicate LijSiOgiHjO as a 
W'hite granular precipitate. 

Lithium chloride LiCl may be prepared by 
combination of lithium and chlorine, or by 
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dissolving the carbonate or oxide in hydro- 
cldoric acid. When formed at low temperatures 
the crystals contain two molecules of water ; at i 
temperatures above 15° anhydrous octahedral j 
crystals are produced, which are very hygro- i 
scopic ; various hydrated chlorides are known i 
(Tlogorodsky, Chein. Zentr. 1894, ii. 514). It 
dissolves in absolute alcohol and in a mixture of , 
alcohol and ether. At 0° 100 parts of water | 
dissohe 63-7 i)urts, and at 100° 145 parts of the 
ehhjride. 

Litlfium cldondo melts at 005° and is more 
\olatilo tlu^i potassium chloride ; h‘ss so than 
sodium ehhtride, Helow a red lu'al it volatilases, 
losing a little hydrochloric acid and producing an 
eijuivalent amount of htliium oxide. 

Lithium chloride is ns^d to some extent in 
pyrotechny. 

Lithium dissolves in the chloride, but the 
subchloride LioOl could not be obtained 
(duiitz, (Jompt. rend. 1805, 121, 045; Aiin. 
Lhim. Phys. 1007, 10, 13). At - 1H° the chloride 
absorbs ammonia rapidly, lorniing a senes ; 
of compounds with 1, 2, 3, and 4 niolecuh'S 
of ammonia (Bonriefoi, (.'ompt. rimd. 124, 771 ; 

127, 307). With etlivlamme and methyl- 
amine, it beha^es similaily (Honiiefoi, /.c. and 
Lompt. rend. 120, 1257). Jiitliiuin bromide 
(Boiinefoi, ihnJ. 130, 1304; Bogorodsky, /.e.), 
lithium iodide ('rhir.solf, J. Buss. Phys. (Oiem. 
Soc. 25, 407 ; Jiogorodsky, /.r.), and their 
double salts with other metallic halides (Kiirna- 
kolT and Sementscheiiko, Zeitsch. anal, ('heip^ 
1800, 335 ; Lobroserdott, J. Russ. Phys. (Uieni. 
Sue. 32, 774 ; Bogorodsky, l.c. 515). Lithium 
bromido and iodide have been used in photo- 
graphy (Duboin, (’ompt. rend. 141, 1015; 
(!hassevant, 115, 113); lithium periodate 
(Barker, (Oicm. Sue. Trans. 1911, 1320); also 
lithium huonde (Poulenc, Bull. Soc. chim. fiii.) 
Jl, 15; tfells anJ Poote, Amer. J. Sci. 1807, 
400) liave been prepared, {('j. Scarpa, Atti 
K. Accad Lincei, 1015, [v ] 24, li. 170.) • 

LithiiLm fsulphalc LijSO^ is prepai'ed by 
dissolving the carbonate or oxide in .snl])huric 
acid. It forms monoclinic jjlates, soluble in 
alcohol and water. It produces a double sul- 
phate with potassium sulphate, but does not 
form an acid sulphate or an alum. 

Ldhi\im emhomip LigC^a is prepared by 
the addition of a ho^, concentrated solution of 
lithium chloride to an ammoniacal solution of 
ammonium carbonate. It is a white powder, 
which decomposes at 000° (Lebeau, Compt. 
rend. 1 30, 1250), is reduced by heating with alu- 
minium (Franck, (Jhem. Zeit. 1808, 22, 236), and 
is more fusible than the potassium and sodium 
salts It is quite insoluble in absolute alcohol 
(Kobbe, Pharm. Zeit. 34, 312) and only slightly 
soluble in water, but more readily so in aqueous 
solution of the alkalis, particuferly ammimium 
salts ((lejBfcken, Zeitsch. anorg. Chem. 1905, 43, 
197). 

Its solubility in cold is greater than in 
hot water. I’he solubilities given by different 
observers are not concordant. According to 
Bevade (Bull. Soc, chim. (li.] 43, 123), the solu- 
bility in 100 parts of water is as follows 

Temperature 0® 10® 20® f)0° 7.0® 100* 

Parts . . 1-539 1-406 1-829 1'181 0*866 0-728 

The solubility increases after continued boiling. 

VoL, IV. — T, 


T’. further Draper (f'hom. News, 55, 100) and 
Fluckiger (Arch. Pharm. [iii.] 26, 609). 

The commercial salt usually contains about 
98*5 p.o. of lithium carbonate. Lithium forms 
a very soluble urate x for this reason the car- 
bonate and citrate are administered to remove 
uric acid from the blood in gouty affections 
(Kebler, Amer. .1. Pharm. 1898, 60()). 

Lithium carbonate mixed with carmine is 
used as a nuclear stain. 

! Lithium carbide Li2(-^2, is obtained by heating 
I lithium carbonate with sugar carbon in an 
I electric furnace (Moissnii, Compt. rend. 122, 

, 302) ; or by heating lithium and carbon together 
! in a vaennm (Chintz, ibid. 120, 18(i0) • or in a 
, stream of carbon di or monoxide ((juiitz, ibid. 

; 123, J273; Moissan, ibid. 127, 911). It is a 
' powerful reducing agent ; burns in fluorine, 
cliloniie, bromine, iodine, oxygen, and comities 
with suljffliur and selenium ; it is not attacked 
by concentrated acids but readily by water, 
forming acetylene and lithium oxide. 

Lithium nitride LijN is jirepared by heating 
lithium in an iron (iish very gently in a slow 
stream of nitiogeii (Oiivrard, Conijit. rend. 1892, 
114, 120; (luntz, ibid. 123, 995). Tt is a 
browiiish-red or black sjiongy substance, difficult 
to obtain quite pure and is readily decomposed 
by water or when healed with liydrogen. 

Lithium eiptnid*> is used in X-ray work. 

Lithium, azoimide LiNg.Il^O, formed by 
' neutralising a solution of lithium hydroxide 
, with azoimide, HN3, crystallises in colourless, 
lustrous, hygro.scopic needles which explode 
between 1 15°-298°(JX‘niiisand Benedict. Zeitsch. 
anorg. Chem 1898, J7 18 ; Curtius and Bissow, 
J. pr. Chem. 1898 [11. ) 58, 261). 

Lithium citrate LiaC’^HaGy is prepared by 
the addition of 100 parts of lithium carbonate to 
a solution of 186-5 parts of citric acid (lirnney, 
Year-book of Pharmacy, 1875, 569). It may 1^ 
produced as a white, anhydrous, neutral, non- 
deliquescent powder, or in crystals containing 4 
iiioleculea of water. It is soluble in 25 parts of 
cold water. 'The commercial salt usually con- 
tains salts of ])otassium, sodium, and calcium, 
and frequently lithium carbonate or citric acid, 
and jiowdered lejudolite or petalite (C 'Thomp- 
son, Pharm. J. (ni.| 13, 783; J)ott, ibid. 1905, 
440). 'The following salts of lithium are em- 
ployed in medicine ; — • 

I Benzoate, caffeine sulphonato, dithiosalicy-^ 
: late, formate, guaiaeate, hippurate, and iodate 
in uric acid diathesis ; bitartrate, theobromine 
; salicylate, p^itassium tartrate and acetate as 
I diuretics ; glyceropliosphate in neijrosthenia ; 

, borosulphite, sulphoichthyohito, and sozoiodo- 
I late as anti.septicB (J. Soc. (’hem. Ind. 1898, 
j 736 ; Kebler, Amer. J. Pliarm. 1899, 57). 

, According to Vuljiiari (J. ^oc. (.'hem. Ind. 

I 1889, 476) lithium salicylate is of greater effect 
' than sodium salicylaite m gout and in acute 
' articular rheumatism. 

^ Lithium quinate is used in the treatment of 
I gout and analogous diseases (Johnson, J. Soc. 

I (Jhem. Ind. 1891i 1051). -According to Dumesnil 
! (J. i^harm. Chim. 1006, 326), lithium theo- 
bromine, prepared by adding excess of theo- 
bromine to lithium hydroxide solution, is 4 or 
I 5 times as active therapeutically as the same 
weight of theobromine. 

i Coal tar products have largely superseded 
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lithium salts in the troal ment of rheumatism 
and allied affections. 

Lithium salts react with casein giving readily 
digestible compounds suitable for medical 
purposes (A}»cl, J. Soc. ('hera. Ind. 1809, 
398). 

Lithium oxalate (l*\jotc and Amlrcw, Amcr. 
Ohem. J. 1905, 153), thymatc (.1. Soc. Lhem. Ind. 
1900, 714), and the double salts of lithium and 
the acid salts of piperazine with oxalic, tartaric, 
and citric acids [ihid. 1897, 758), are also very 
useful products. 

Louble urinates (flfeliko/f and J’lssarjewsky, 
Ber. 30, ; Coiimok and Lhanvciiet, Bull. 

Belg. Kov. Acad. 1905, 51, 182); lithium phos- 
phates and arsenates (Schnlten, Bull. Soc. cliim. 
(hi.] ], 479 ; Ouvrard, Compt. rend. 110, 1333 ; 
Karamelsberg, Ohem. Zentr. 1891, ii. 790; 
Qucrtaroli, Oazz. ohim, ital. 1907,^ i. 598) ; 
zirconates (Oiivrard, Compt. rend. I'i2, 1144; 
Venable and Clarlo’!, Amer. (3iem. d. 1890, 431) ; 
borates (ReischJe, Zeitseb. anorg. (liem. 4, 109 ; 
Chatelier, Conipt. rend 12*1, 109): aliiiniiio- 
silicates (VVeyborg, Ceiitr. Min. 1905, 040); 
platiiiocyaiiidi's (Reynolds, l*roe, Iloy. Soe. 
1909, 82, 380), and lungstates (Feist, Her. 21, 
133) have been prepared. Lithium tungsten 
bronze, LiWjOj. (Hullopeau, (^mipt. rend. 127, 
512) is preparea by the electrolysis of lithium 
])ara -tungstate. 

LITHIUM-DIURETIN. 't rade name for a 
combination of tlicobroinine-bthiuni and lithium 
salicylate. 

LITHOFELLIC ACID C.Jii oOj oc.ciirB in the 
stones of intestinal origin found in the Benzoar- 
goat, llama, and other eallle ; it is jirobahly 
formed by rednetioii of eholic acid (Fisebor, 
Ber. 1914; 2728). . 

P^parahon.- 'I'hc stone is dissolver! in 
methyl alcohol and the acids piwupitaicd by the 
addition of light poti’oleuiu. 'These are dissolved 
in alkali and any lithobibc acid is thrown down 
by the addition of barium chloride. On acidify- 
ing the filtrate with hydrocdilonc atSd, litho- 
fellic acid is precipitated anrl is recrystalliscd 
from alcohol (.lunger and Klages, Bor 1895, 
3045), or ethyl acetate (Fischer, luc. riL) 

Propertif’s . — M.p. 205^" (corr.), Orystalliscs 
from dilute alcohol with 1 mol. HjO. insoluble 
in water, sparingly soluble in ether ; 1 = 13-1. 

On boiling with alhohol hydrochloric aeid gives 
lactone, b.p. 245 ’-248710 nnn. 1. S. M. 

LITHOFRACTEUR v. Explosives. 

LITHOGRAPHIC STONE. A tine-grained 
limestone ;tf uniform texture, breaking with an 
imperfect couehoidal fracture, and free from 
spots and veins. It must be compact enough 
to take a good polish and yet sullieiently porous 
to absorb the grease of the draughtsman’s 
crayon ; whilst being a limestone it can be 
etched with cold dilute acid. TJio only stones 
possessing these properties in a high degree are 
those from the large quarries at Solenhofen and 
Fapponheim in central Bavaria. Here the 
rock is a thih-bedded limc.s*tone of Upper 
Jurassic age. 'Two qualities are distinguished - 
a yellowish-drab and a bluish-grey, the latter 
being rather hartler and more serviceable. 
They consist of 81-99 p.c. CaCOg, L18 p.c. 
M^Oj, with small amounts of alumina, ferric 
oxide, silica, &o. 'J’he quality of the stone 


depends, however, on physical characters 
rather than on chentical composition. Many 
attempts have been made to find lithographic 
stone at other localities, more particularly in 
the United States, the most promising beipg at 
Brandenburg in Meade (Jo., Kentucky (v, 
(I. J*. Merrill, 'Thu Non-metallic Minerals, 2nd 
edit.. New York, 1910). L. J. S. 

LITHOMARGE. [Skinmark, Uer.). An 
amorphous suhstance. resembling clay (kaolinite 
and halloysito) in composition (hydrated alu- 
minium silicate with some iron) and in most of 
Its ])iiyHicai properties, but firmer and more 
compact, it occurs on a large scale in the 
basaltu' lavas of Antrim, where it is associated 
with bole, bauxite, and aluminous iron-ore. 
yome of the Irisli litliomarge is of lavender 
colour, with white s])eckH of bauxite, whilst 
other varieties are Ijrown or blackish. 'J'lie 
sujiihtancc is known to the workmen as ‘ marge.’ 
It may have resulted from tlie alteration of the 
ba.salt, and a])pears to resemble some of the 
stcatitic latentos ol India. Where peaty water 
liomos in contact with the litliomarge, it occa- 
sionally deposits manganese oxide in consider- 
able quantity (r F. Argali, Jouni. Ueol. Soe. 
Irelaiub lH8i>, Hi, 102; (J. H. Kinahan, ibid. 
307). 'I'bc following analyses, I-lIl, by 
1), Jurdin, of litliomarge from (V). Antrim are 
quoted from (J. A. J. (!ole, 'The Intorbasaltie 
Hocks (iron or<'s and bauxites) of Nortli-east 
Ireland, Mem. Ueol. Surv. Ireland, 1912. IV 


of lithoniarge 

fnon 

Cook’s 

kitchen 

mine 

('ornwall : 

T. 

II. 

III. 

IV. 

SiOa 

31-70 

41-14 

39-17 

48-3 

'TiOj 

4-()8 

1-80 

3-40 

— 

AlJ), . 

25-99 

27-90 

28-41 

30-4 

TV, (>3 . 

19-89 

I -92 

2-07 

— 

CaO . 

0-()7 

1-00 

0,-70 


MgO . 


(f-77 

0-02 

— 

H..() 

12-70 

13-94 

12-50 1 

14-5 

(at IMF) 

418 

8-20 

13-32/ 


99-81 

100-45 

100-25 

99-2 


Litliomarge occurs in siweral Cornish mines ; a 
lino yellowish variety, with purple veins, being 
found at Ckiok's Kitchen, near Redruth. Closely 
allied to hthoinar^S is the kratolite of' Saxony, 
formerly reputed to pc^sess such powerful 
medicinal qualities that it was described by old 
writers as terra nnracidom ISaxoium. 

L. J. S. 

LITHOPONE. A pigment prepared by 
strongly heating a mixture of zinc sulphide and 
barium sulphate, obtained by mixing solutions 
of barium sulplude and zinc sulphate. Is a 
variable mixture of zme oxide, zinc carbonate, 
zinc sulphide, normal and basic zinc sulphate, 
bariunii sulphatb and carbonate, with traces of 
ferric oxide, alumina, lime, and magnesia. The 
usual process of manufacture is to heat heavy 
spar with carbon, dissolve the mass in water and 
mix with a solution of zinc vitriol. The precipi- 
tate is xvashed, dried, and ignited, mix^ with 
2-3 p.c. of sal ammoniac and again ignited. 
Wliile hot it 18 thrown into water, dried, and 
finely ground. Its value depends upon the 
amount of zinc sulphide present. For methods 
of analysis v, J. Soc. Chem. Ind. 1902, 1146; 
Austin and Keane, Analyst, 1912, 37, 238. The 
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folIoT^ing analyses of different samples are by 
Austin and Keane {loc, cit.) ; 

I. IT. TH. 

(German) (EnKlIsh)- 

BaSO^ . . , (54-30 07-59 72-80 

ZriR . . . 3I)-‘)S 27-82 24-14 

ZnO . . . 0-55 1-82 ()-88 

CaO. F2O3, J3aC:(4j, &c. 4-11 2-77 2-18 

100-00 100-00 100-00 

Inferior qualitien HonietimeH contain natural 
barytes whk^li reduce tlie opacity and covering 
power and cause it to give a yellowisb white tint 
when used in linoleum. TIk' natural mineral 
may be detected by means of the microscope, 
the ])recipitatcd su4)hale«a])])eaimg as a line 
])owder composed ot mmule crystals of uniform 
size whereas the nalural bar3d.es (ionsist.s of 
t.raiis])arent irregular fragments of larger tt^zc 
(Stewart, J. Soc. (Jliem. Ind. 1020, 30, 188'J’.). 
For conditions detei mining the resistance of 
lithopone to change in sunlight, m jirescnce of 
moisture, duo, it is surmised, to n liisHociation 
of the illuminated surface with liberation of 
mctalho ziru; of a grey colour, see Stemau, 
Chem. Zeit. 1021, 45, 74'l. 

LITMUS. Tournr.ol tn pdin. Tins colour- 
mg matter is well known to tbt ebemist, since 
white pa]K)r impregnat('<l with its solution in a 
slightly acid or alkaline condition has long Ix'cn 
employed, under the name of led and blue 
litmus-paper, to indirale the presence, in any 
Bolution, of alkalis or ncids respectively. Alkalis 
ehangci the colour of red litmus- pa])er to blue, 
acids turn blue litmus-pajier red. In alkalimetry 
litmus tincture was formerly the most generally 
adopted indicator. This use depends upon the 
fact that the free colouring matter of litmus is 
red, wlle^e^jls its alkali salts ari', blue. 

Commercial litftuis has the form of small pale i 
blue cubes, composed essentially of gypsum and ' 
chalk mixed with but comparatively little cdlour- 
iiig matter, which is largely present in the form 
ot a lake. 

It IS sMid to be prejiarial, chiefly in Holland, 
from vfx.rious spi'caes of lichens, e.<j. Lrennora 
Uirlarca, Roicvlld iinrtonu, &'c., the same, in- 
deed, afi are used in the manufacture of orchil , 
(q.v.). Under the e.omliinm influence of am- 
monia and atmospli.'ric oxygen the proximate 
principles contained in these lichens 3deld 
orcern, the alkali salts of which are piflrjile 
(orchil) ; but if potassium or Hodium carbonate 
is jiresent at the same time, the reaction pro- ' 
ceeds further, and ultimately azoUtmin (the ■ 
colouring matter of litmus), the alkali salts of 
which are blue, is produced. ! 

Aeeoribng to G61i8 f J. Pharm. Ohim. 24, 277 ; , 
Revue Scient. 6, 60), litmus mav be prepared as | 
follows. Orchil-weed is ground and mixdU with 
half its weight of potassium carbonate, and then I 
repeatedly moistened with urine saturated with j 
ammonium carbonate or with an aqueous solu- | 
tion of this salt ; the mass soon acquires a i 
brownish-red colour (3 days), which gradually 
becomes purple (20-25 flays), and finally blue 
(30 days), yielding a litmus of the best quality 
in ^ days. The pulpy mass is mixed with 
chalk and gypsum, then moulded in the form of 
cubes, and dried in the shade. 

By raodif3'ing the action of air and ammonia 


upon orcinol, through the addition of sodium 
carbonate, De Luynes also succeeded in obtain* 
ing the colouring matter of litmus (Compt, 
rend. 69, 49; Bingl. poly..J. 174, 61 ; Chem. 
Zontr. 1866, 127 ; J. 1864, 551). A mixture of 
1 part orcinol, 25 parts cryst. sodium carbonate, 
5 parl.K water, anil 6 parts ammonia solution, 
wa(j heated to (>()®-80® for 4-^5 days with frequent 
agilalion. On diluting the hluo solution thus 
obtained and acidifying slightly with hydro- 
chloric acid, the colouring matter was precipi- 
tated. On washing and drying, it assumed a 
metallic lustre. It is sparingly soluble in water, 
but readily soluble in alcohol and in ether. 

In making a litmus solutuiii to employed 
as indicator, the commercial litmus is extracted 
with boiling water, the filtered solution is 
slightly acidilied witli acidic acid, tlien carefully 
neutralised with ammonia, and boiled to ejpel 
any exccSs of the latter. Kept for any length- 
ened period in stoppered bottles, the solution 
becomes decolorised m consequence of a reduc- 
tive fermentation ; on exposure to air, however, 
the original colour is restored. This defect is 
prevented by saturating the solution with 
sodium chlorule (Reichelt). Conqiare also 
Bellamy^, J. Pharm. (^him. [v.] 18, 433.) A dry 
litmus-extract may be prepared according to 
Vogel in the following manner {ibid. 45, 64, 70 ; 
Chem. Mews, 1864, 205). Twenty grams 
])owdered commercial litmus are twioo digested, 
each time with 1.50 c.c, cold distilled water. 
The second solution, which is alone employed, 
IS divided into two equal portions, one of which 
i.s slightly acidified with nitric acid and then 
mixed with the other. The purplish solution 
thus obtained is evaporated to dryness on the 
water- hath, and the granular amorphous mass 
is kept in a Htojipercd bottle ready for dissolving 
in water when required. • 

For the (nn]>lo3miont and characteristics of 
litmus as an indicator v, R. T. I'homson (J. Soc. 
Uhern. Ind. 6, 198) ; also art. Acidimbtry, vol. i. ; 
Marsh (43iem. News, 61, 2); Berthelot (Ann. 
Uhim. Phys. [vii.j 25, 39) ; Rondo (Pharm. Zeit. 
41, 736); Lescouor (('ompt. rend. 123, 811); 
Luttke (Zcitsch. anal. Uhem. 31, 692) ; Foerster 
{ibid. 28, 428) ; Ulaser {ibid. 38, 273). 

Litmus exhibits a characteristic absorption 
spectrum. Fther extracts it from an acid solu- 
tion, and forms a yellow licyiid, which absorbs 
the more refrangible end of the sjiectrum to a 
point midway between I) and E. If the solution* 
is coloured blue by adding a drop of ammonia, 
an absorpticfi-band is formed, commencing at D, 
where it is extremely black, am^ gradually 
dimimshing to E. A blue aqueous commercial 
solution shows a well-marked absorption -band 
at D. Addition of acid changes the colour to 
red, the band at 1) disappears^nd the spectrum 
now resembles that of oenolin, the colouring 
matter of red wine •(A. H. Allen, Com. Org. 
Analysis, 326). (Compare also .Vogel, Praktische 
Spcetralanalyse, 1877, 269.) 

Our knowledge of the chemist]^ of the colour- 
ing matters cor^ained in litmus is very meagre. 
Golii (J. Pharm. Chim. 27, 477} extracted from 
it several colouring matters in the folio-wing 
manner. After extracting commercial litmus 
with water, the insoluble residue is boiled with 
dilute caustic alkali and the filtered solution is 
precipitated with basic load acetate.. The blue 
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precipitate is waslied b}' decantation until it 
begins to dissolve and colour the wash -water. 
It is then decornposed vitli iijdrogen siilidude, 
exposed to air iintU free, from excess of 
eoilocted on a filter and digcsli'd with dilute 
ammonia to extract l,ho (iolouring matter. On 
adding acid to the liltered solution the main 
portion of the litmus colouring matters is tlirown 
down as a red flocculent jin^cipitate. The 
liltrate from this contaiii.s a very small quant it}^ 
of colouring matter (a). 

On extracting the dried red jirecipitatc with 
ether and leaving tin* oiaiige. solution to sjioii- 
taneous cva]»oration, it yii'lds a bright-ied resi- 
due (jS) ''containing crystalline neislles This 
product IS insoluble in water, but readily soluble 
ill alcohol, also iii alkalis with a violet colour. 
The jiortion insoluble in ctiier is di.ssolvi'd in 
alcybol, and on allowing the lilood-red solution 
to evaporate s]ioiitaneousJy it yields a large 
quantity of a reddish-purple product (y) having 
a bronze lustre. Tins rejiresents Ibe eoloiiiing 
matter most abundant in litmus. 

The residue, which is insoluble in water, in 
alcohol, and lu ether, contains another product 
(8) which IS soluble in alkalis, from which it may 
he precipitated by acids, 'fhe three products 
fi, y, and S, appear to contain nitrogen. 

An examination of litmus was made iii 
1840 by Kane (Uoyal >Soc. I'nins. IH4U, 208; 
Ann. (Jhim. Phys. [iii.] 2, 120 ; Aiinalen, 20 , 
h7 ; <1. Plianu. (2iim. 1841, hOO), who isolated 
from it the chief and characteristic colouring 
matters azuhtmin and njitlaohtmin, togclliei 
with erifthrolctn and spaniuhtmin. 

According to Kane, tiiicly jaiwdorcd com. 
mercial litmus is extracted with boiling water. 
Most of the colouring matter remains in the 
form of an insoluble lake in tlic residue, to which 
hydrdbhlono acid is added till elTervescence 
ceases and the mixture is stiongly acid. 4'hc 
insoluble matter mixed up with liheialed colour- 
ing-matter IS collected on a hltcr, washed fris* 
from acid, dried, and c\ti acted with boiling 
alcohol. 'J'hc alcoholic solution is tiltered from 
an insoluble reddish-brown mass (impure azo- 
litmm) and then evajiorated to dryness, and the 
residue is digested with warm ether until it 
becomes no longer coloured. On distilling the 
tiltered ethereal solulion, erytholcin is left us a 
purjile semi-tiuid qily substaneo. That ])ortioii 
of the alcoholic extract which is insoluble in 
^ether consists of crythrohluun. 

Ttic aliove-mentioncd impure azolitmin is 
puritied, cither by dissolving it in i, huge quan- 
tity of boiling water and (waporating the solu- 
tion to dryness, or by dissoh ing it in very dilute 
ammonia, evaporating tlic .solution to ilryness, 
neutralising any residual ammonia by dilute 
hydrochloric acni, and washing witli alcohol 
until free from ammonium chloride and excess 
of hydrochloric acid. Thi' residue re])resents 
puritied azolUmin. 

The colouring matter contained in the deeply 
coloured solution obtained in the tirsf instance 
by boilirg the commercial litmuv- with water and 
filtering, is isolated as follows The soluti#^! is 
precipitak^d witli neutral lead acetate, the purple 
precipitate thus obtained is well w'ashed, sus- 
pended m w^ater, and decomposed with hydrogen 
sulphide. The mixture of lead sulphide and 
liberated colouring matter thus obtained is well 


washed and digested with warm dilute ammonia ; 
the filtered deep-blue solution is evaporated to 
dryness, the residue is moistened with hydro- 
chloric acid, washed free from ammonium chlo- 
ride and any excess of hydrochloric acid, with 
warm alcohol. Tlio residual deep brownish -red 
powder consists usually of nearly pure azolitmin, 
more rarely of tijuinioliiini)), a substaneo very 
similar to azolitmin, but wliicli does not contain 
nitrogen. 

Niiice sjianiolitmin occurs so rarely in litmus, 
and erythrolein is coloured reddish -jmrplc and 
not blue by alkalis, Kani' eonsidei.s azolitmin 
and ciythrolitmiii to be llie essential eolouring 
mutters of litmus, m whuii they are eombined 
Avith ammonia, jjotash, and him*, and mixed with 
a considerable qnantpy oi ehalk, gy])sum, i\:e. 

Azolitmin is a deep brownisii-ri'd amorphous 
jiowder, insoluble in alcohol and s])aring]y .soluble 
in, water, but readily .soluble iii alkaline solutions 
wath a ])ure blm* colour. Its ammoiiiaeal .solu- 
tion gives w'lth met'illie. .salt solutions blue or 
purjile prceij)itut.<*s according as they are more 
or Jess basic m character. Kane's formula for 
it IS but (lerliardi considers it i.s 

best rejwesented by C.llyNOj. It ditfers from 
all the other eoluunng matteis i.solaled fiom 
litmus by e.onlaining nitrogi'ii. (lerhardt con- 
sidcred it to Im* derned from oieinol, possibly in 
aeeordaiiee with the following (*() nation : 

C-lI/).,d NII 3 l-20--('.lLN(),-l ILO 

or from orci'in thus 0 Cyi7N04. 

If the jiereeiilage (omjiosition a.ssigned to 
this .suhstanee is eoircet, the exjilanation of 
the part played by tlio iieiessary alkaline car- 
bonate in the manufacture of litmus may bo 
that it iaeilitali's and incicasiss the oxidation 
of the orcinol, so that the oiccin at first formed 
is changed into azolitmin (tlorhardt, (I 1 . Og, 
3, 8 It;) 

Seheitz (Zcitscli. anal. ('licm. I'JIO, 40, 73f)) 
has ' isolated from litmus a blue colouring 
matter di.stinct from azolitmin in (juantity 
equivalent to I-.*) }i.c of the weight of the 
purified material, it consists ut a bright 
brown ]iow<ler soluble m formic ueid, [lyridme, 
and ammonia, forming a bluish-violet solution 
with the la.st-namcd solvent. Jt absorbs am- 
monia gas with ])rbduction of a daik blue am- 
monia compound, which d/cvsolves in water to a 
reddi.sh solution. This ammonia comjiound is 
a iiRwc delicate indicator than the corresponding 
dernative of azolitmin. 

Erythrolitmin, which also constitutes one 
of the most inqiortant ingredieiit.s of litmus, 
i.s a bright-red powder, sparingly soluble in 
water and in ether. Jt is abundantly soluble 
111 alcohol, from which it may be crystallised 
ill the form of dark-red granular crystals. In 
strongi caustic Jxita.sh it. dissolves with a blue 
colour. With ammonia it forms a blue com- 
pound which curiously enough is totally insoluble 
in water. With metal he salts it forrms lakes 
of a fine purple colour. Accordmg to Kane 
its formula is ('isUoalle* f^ifd he considers it 
to be an oxidation product of his erythroleic 
acid (CjallaaO^) obtained from orchil. 

Erythrolfin forms a crimson semi-fluid mass, 
almost insoluble in water, soluble in ether and 
in alcohol with a red colour, and in ammonia 
with a purjile colour. With metallic .salts k. 



149 


LIVKR 01? 

gives purple lakes. Kane gives its formula as 
Its general properties are very 
similar to those of the above-mentioned erythro- 
leie. acid. 

Spaniolitmin occurs hut rarely in litmus, 
hence its name. It is a liriglit-red substance, 
insoluble in alcohol and in ether, and very 
sparingly soluble in water. It dissolves in 
alkalis with a blue colour and gives l.akc.s very 
similar to those of azolitmin. Kane’s formula 
for it m Ojli^O^. 

Under ^ho influence of hydritgon sulphide, 
the colouring matters ol litmus are decolorised, 
Kane’s idea being, that a colourless hydrogen 
sulphide eompnund is llnis formed. { I', also 
Malagiiti, Ann. ('him. Thys. [in ] 37, 2()(>; Vogel, 
>1. pr. (Ihcni. |ii. ] 1(), .31 i.*) Nascent liydiogeti, 
and other reducing agf'iits such as ferrous 
and stannous oxide, cKie , deeolori.se thmu by re- 
duction 111 the ordinary manner. Azolitmin t^ms 
yields colourless h ticnzolilmiii, which, however, 
rapidly oxidises and becomes coloured on ex- 
posure to air. It stannous chloride' is added to 
an ammoniacal Kolution ot azolitmin, purple- 
coloured stannoiis-azohtnjin is precipitated; il 
this IS boiled with slightly acidulated water there 
is formed the colourless cninpouiid of stannic 
oxide with leucazolitmm, which, if exposed to 
air, changes into the hnghl seal let stannic- 
azolitmin. 

Deo.xidising agents such as sulphurous acid 
and sulphites do not decolorise the colouring- 
matters of litmus. • 

Azolitmin and eryi hrohtmin, susju'iKled in 
water and submitted to tin' action of ehloriiie 
gas, are dceolonsod and give yellow chlorine 
derivatives, cldorazoliUmn and chlonujlhro- 
hlmin., substances insoluble in water, but soluble 
in alcohol, ether, and m alkalis. 

Ill his*carliost* memoir, Kane (Amuden, 30, 
324) mentions that on heating the colouring 
matters of litmus mixed with chalk or gy^.sum, 
a rod vapour is given off which condenses in the 
form of crystalline scales (atmerythrin) soluble 
m alcohol. When heated alone, this suhstance 
is not produced. Although Kane makes no 
subsequent mention of this hotly it is jiossihle 
that it was iiRlirubin or even mdigotin, since at a 
later date, Wartha (Ber. 0#217) states that he 
found some samples of litmus to eontaiii iudi- 
gotin, recognisable I'ly the violet vajiour given off 
on heating a few cubes of the commereial.pro- 
duct in a test tube. Its jiresence may have been 
due to the use ot urine containing indoxyl m the 
preparation of the litmus. 

Wartha (f.c.) gives the following results of 
his examination of litmus. 'Fhc commercial 
product is well shaken iiji with alcidiol ; the 
filtered purple solution thus obtained has a 
green fluorescence, and exhibilw in the jjieetro- 
scopo a characteristic absorption baud in the 
green vvitli an almost total absorption of the 
violet end. The colouring matter («) itself is 
obtained on evaporating the solution. 

The litmus residue insoluble in alcohol is 
digested for 24 hours with distilled water, and 
the filtered deeji-coloured solution is evaporated 
to dryness, d'he extract thus obtained i.s 
repeatedly treated with absolute alcohol con- 
taining a little glacial acetic acid and again 
evaporated, so that all traces of w'ator may be 
removed, and there finally remains a brown 
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, powdery mass. On extracting this with abso- 
1 lute alcohol, a large quantity of a scarlet 
I substance {h) is dissolved. It is similar to 
; orcein and dissolves in ammonia with a reddish- 
purple colour. That portion of the brown pow- 
der which is insoluble in the acidified alcohol is 
dissolved in water, tlie filtered solution is eva- 
porated to dryness, and the residue is rojieatedly 
washed with absolute alcohol and eva])oratcd in 
order to expel ail traces of acetic acid. The re- 
sidual brown powder, which is very soluble in 
water, with a reddish-brown eoloiir, but insohiblo 
in alcohol and in ether, is the jmrified and ex- 
tremely sensitive colouring matter of litmus (r). 
Its alkaline solution is blue, its alflmiiiium and 
tin lakes are violet, and ifs calcium and barium 
lakes blue. It appears to bo very similar to 
Kano’s azolitmin, but it is said not to contain 
nitrogen* 'J’ho yield of these various coloiJtirig 
matters is as follows: (a) 2 3 p.c., {b) 3’4 ]i.c., 
(r) 5-7 p.e. (.MitcJiell, Cliem. Nows, 187(), 140). 

An examination ol the colouring matters of 
litiiuis was also made liy Rocbleder and vSkraup 
(Wien. Anz. 1871, 118; Chem. Zentr. 1874, 
424). Otbci references are Magner, J. Phanu. 

I (!hcm. 12, 118; Desfosses, t/arf. 14,487 ; Peretti, 

' 1 1, r»30. 

Of interest also in connection with this 
subject IS the fact that when ethyl-amino- 
orselliiiic acid is oxidised by air in alkaline solu- 
tion it yii'lds an orunge-coloured dye jioRKesHiiig 
basic properties (Heinrich and Dorschky, Ber. 
i 1901, 37, 14 lO). 

I A pceiiliur blue colouring matter similar to 
litmus, and called ioimuwl cn drapeaux, has 
1 long been manufactured at Grand-Uallnrgues, 
I Dc'jiartement du Gard, France, from the Croton 
j tindoriKrn belonging to the Enphorbiacccr. 
j Coarse linen cloth is steeped in the deepiiluish- 
; green sap exjiressed from the berries and the 
: top.s of the plant, tlioii dried quickly in the open 
' air, and exjiosed for 1-J4 hours between layers 
of strav^ to the ammoniacal vapours of larit or 
horse-dung (alumimidon), care being taken not 
to submit them to this influence too long. Tlio 
I cloth thus acquires a deep-blue colour. It is 
then stecjied in the sap a second time and dried 
in air till it aeijuircs a purple or dull green, 
TTiese blue cloths are used liy the Hutch farmers 
for making an infusion with which to impart a 
red colour to the outside 8f their cheese, the 
blue being changed to red by the lactic and 
butyric acids of the cheese. 

Aceording to Joly (Ann. Gliim. Phys. [ni.l (>, 
111) the colouring matter jiervades the entire 
plant and is readily extracted tlfbrefrom by 
water heated to .70°~()0'’. On being evaporated, 
an azure-blue resinous mass remains. Acids 
change the blue colour of it^ aqueous solution 
red, and Hus blue is not restored by alkalis, the 
colour becoming thereby rather greenish. It is, 
therefore, probably quite distinct from the colour- 
ing matter of litmus. Possibly it is identical with 
the blue colouring matter which can be extracted 
from another jilant belonging to the Kuphor- 
biof^AP, VIZ. Mnairiahi ptrayii AK. A. G. P. 
LIVER-BLENDE v. Zinc b’.ende. 

LIVER OF SULPHUR. Hepar mlpkuri ; 
potnssa sulphuraUi. This compound consists 
of a mixture of salts of potassium, chiefly the 
higher sulphide, and is prepared by fusing in a 
clay crucible a quantity of potassium carbonate 
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with half itB weight of flowers of sulphur. 
The fused mass is poured out on a greased 
flagstone and allowed to solidify, when it 
assumes a liver- browui colour ; hence its name. 
It is alkaline, and acrid to the taste, and when 
quite dry is inodorous ; but when moist it 
smells of sulphuretted liydrogen. 

In medicine, it is given internally in eases of 
lopra and psoriasis ; whilst externally it is used in 
the form of lotions, baths ; as ointment in chronic 
skin-diseases, such as oozemn, scabies, and pity- ! 
riass. It is also largely used as n jtlarit-sjiray. j 
LIXIVIATION. Lixiviation is the appliea- j 
tion of a liquid, generally water, to solid bodies 
for the purpose of extracting the soluble ])art. 
For instance, the preparation of pt'arl-ash by 
dissolving out the potassium earlmnate from 
the wood ashes, and the preparation of sodium j 
nitfate from the crude nitiate, of beet, sugar by | 
.Schutzoiibaeh’s process, are all ajiplieations of i 
water to extract the soluble ])art. 'I’lie exlrae- j 
tioii of gold from tlie tailings obtained from the j 
stamp battcTies. by means of dilute potassium i 
cyanide solution in the presence of air, affords 1 
another example of the- ])rocess of lixiviation j 
In oairying out this jirocess on a conmiereial ! 
scale, three things arc sought to bi* attained ; j 
First, that the residue sliould be eomplotely I 
exhausted of soluble mutter; second, that the 
solution obtained should hi* lu'aily saturated ; 
and, thirdly, that the process slmuld be con- 
tinuous. A senes of tanks is therefon- pro- 
vided, standing at the same le\el, and ]>rovided 
with false bottoms covered with a tillering bed, 
and with eonnecting tubes, })umps, and so on. 
Each of these tanks contains the suhstunce to 
be lixiviated, and the water tra\e1s from tank to 
tank, increasing in saturation. 

Thkv process is so arranged that at any givim 
moment a iieaily saturated lujuor is passing 
over a frrsh supjdy of the Buhstiuui', while eJeun 
water is running through the nearly exhausted 
residue. When the residue in any tanl^v is eora- 
pletcly exhausted it is rimioved, hesh stuff put 
in, and that tank made the last of the scries. 
In some cases a pumj) is necessary between each 
lank to pump the liquid from beneath the false 
bottom into the next tank 

If the solution formed is of high sji.gr., so 
much pumping is not nec'essarv. t)ne detailed 
doscription will suince. In the preparation of 
t^’oda oy llie Leblanc process, the black ash 
(roughly speaking, soluble sodium carbonate 
and insoluble calcium sulphide) is lixhiated. 
For this purpose, four or nmre iron tanks are 
used, built side by side, each about 10 feetx 
10 feotxfl foet. Kacli tank has a false bottom 
of perforated iron plates, and a large e-uok in the 
bottom, by which all the lu(uor it contains can | 
bo run off. It has also an overllow piji©, rising I 
from below the false bottoip and communicating j 
with the next tank, and a second overflow pipe 
which eommunioates with a trough outside. 
The first tank is connected with the last by a 
pipe. Any of these pipes can bo closeil by 
}fiugs or cocks. Suppose the process to b^ in 
full working order. Fresh black asli, broken in 
large lumps, has boon placed in tank 4, on a 
bed of omders laid over the false bottom. 
Tanks 3 and 2 contain partially exhausted 
biaok ash, and tank 1 completely exhausted 
black ash (tank waste). Tne overflow pipe 
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between 3 and 4 is opened, and a pump con- 
nected with 1, whicli pumps the liquor over into 
2. It flows from 2 to 3. from 3 to 4, until 4 
is full. Tank 1 is now cut off, emptied, cleaned, 
and a fresh supply of black ash put in. While 
this is going on, fresh water is flowing into 2, 
and sufficiently saturated liquor flowing away 
j from 4 by the outside overflow pipe. 4 is 
now connected with 1. Tlie liquor is pumped 
out of 2 into 3, flows from 3 to 4, from 4 to 1. 
When 2 is empty of liquor it is in tlie same way 
cleaned out, and a fresh charge pu^ in, and so 
the lixiviation is ke])t continuous, strong soda 
solution running off at one end, and exhausted 
tank waste being removed at the otlier. 

LOADSTONE. A name a})j>lied to those 
sjieeimens of the mineral magiu'tite (q.v.) which 
arc mTagnetu* with polarity, and are thus capable 
of orhuitating themselves when freely suspended. 
AK specimens of magnetite are readily attracted 
by a magnet, but only few exhibit polarity in 
their natural slate. Sueh vSpeeiinens are found 
111 expo.sed situations in mountainous districts, 
e.g. lu the Ural and Harz Mountains, where they 
have no doubt been magnetised by the electric 
discharges of lightning. Such stones were at 
an early period mounted in iron frames and used 
as natural magnets For historical details, fitr 
William Gilbert, He Magnet e (I (>00; English 
edition witli notes b> iS. P. Thompson, 1000). 
S V. 'I’hompson on Pi^trus Peregrinus’s Epistola 
de Magneto (Proc. British Acad. 1007, vol. ii.). 

L. d. S. 

LOBELACRIN r Lobelia. 

LOBELIA, Indian tobacco {Lohilic enflht 
Fr. ; Loixliahuul, Ger.). 'the official lobelia, 
Luhdui DiJIata^ was (leseribed by Ijinnaais m 
1741 (Acta iSoc. Reg. Soient. l^jisal. J74()) from 
sjaicimons cultivated by himself, but be does 
not ascribe to it any medicit>al i)io]'..'rtics. Jt 
is an annual herbaceous, somewhat pubesisent 
plant, attaming a height of from 9 to 18 inches, 
i with inconspicuous bluish racemose inflorosoenee. 

I It is indigenous to the Eastern portions of N. 
j America, and is cultivated in European gardens 
|.(Ehick. a Hanb. 399; Bentl. a. Trim. 162). 
According to J. U. and 0. G. Lloyd (Pharm. J. 
[ni.] 17, 506), the first to employ lobelia in 
medicine Was 'rhoiiv^on, an American herbalist 
of some notoriety about the end of the eighteenth 
century. The Indians, although they made use 
of tl]o great lobelia, L. syphilitim (Ifinri.), wore 
not acquainted with the L, inflata, as has been 
commonly supposed, and as one of its names 
would imply. 'Phe drug only gradually came 
into favour as an article of materia medtea, and 
it forms the ethereal tincture of the British 
Pharmacopoeia (1914). The herb should be 
gathered when, after flowering, some of the 
capsule?^ have bo(i.ome inflated. In physiological 
action, lobelia resembles tobacco. It is an acrid 
narcotic poison, but in small doses is expectorant 
or emetic and is employed in spasmodic asthma 
and diseases of the respiratory organs. The 
seed itnnore active than the herb, but the latter 
is almost exclusively employed in medicine. 

The plaut was investigated bv CoUioun in 
1834 (J. Pharm. Chim. [ii.J 20, M5), but the 
first definite results were obtained by Proctor 
(Amer. J. Pharm. 9, 98 ; 13, 1). The seed was 
exhausted with spirit containing a little acetic^ 
acid, the solution evaporated, and the residue 





mixed with magnesia and extracted with ether. 
On evaporating the other an acrid alkaloidal 
substance, lobdine, remained, which by con- 
version into acetate and treatment with animal 
charcoal, was obtained in a purer form. Lobelia 
was further studied by Lcreira {Mai. Med. 
2nd ed. 2, 584), Reinsch (Pharm. J. [i.] 3, 128), 
Baatick {ibid, ji.] 10, 217), F. F. Mayer (Amer. 
J. pharm. 37, 209), Richardson {ibid [iv.J 2, 
203), Lewis (Pharm. J. [m.l H, 501), IJragendorll 
and R^sen (Chem, Zentr. 1880, 873), .1. U. and 
0. G Lloyd (Pharm, .1 [hi. I 17, 5<)0, 080, 1037 ; 
18, 136), Bresser (Arch. exj). Path u. IMiarm. 
20, 237), Wicland (Ber. 1921, 54, 1784). 

Lobelin?, according to J. U. and (!. G. Lloyd, 
is a colourless, odourless, amorphous jjowder, 
extremely active, a vt*ry fiinall quantiiy of its 
solution applied to the tongue' causing immediate 
vomiting. Soluble in alcohol, chloroform, ether, 
benzene, carbon disulphide ; slightly soli^le 
111 water. Oxidised hy ])crtnanganate, it yields 
benzoic acid (Pachkis and t^nhts, Monatsh 
11, J31). yalts of lobclme arc soluble in water i 
or alcohol, but, c.vcoptiiig the acetate, nut in . 
carbon disnljihide. The a(iueous solution is j 
precipitated by nlkalis and alkaloidal reagents. i 
Its hydrooliluridc can bo removed from its 
aqueous solution by repeated agitation with 
chioroform, and its linal jmrification can he 
cfTeeted by crystallisation from alcohol, benrene, 
or ether Gives a crystalline platinochloiide. 

Lobclme, which, according to Dresser, is the 
only active constituent of lobi'lm, has the 
formula C23H29O3N (Wioland, t.c.). It crystal- 
lises in broad colourless needles, 111.}). 130”-13r' ; 

42‘85^ in alcoholic solution. The sul- 
phate, nitrate, bromide, and chloride are [daced 
HI order of increasing solubility m water; they 
are c:^8talhiio neutral salts. 'I'he base is 
nionacidi?. Tt i» readily hydrolysed to uci'to- 
phonone. Contains no Icctonic or hydroxy 
groups ; the lactuno ring and miThoxy gruy]> arc 
absent. The nitrogen atom appears to be in 
the tertiary form. 

Lobeline appears to occur in the jilant in 
combination with lobclic acid. It is jirecijiitaied 
from an aqueous decoction of lobelia by eojiper 
sulphate, and may he separated by treatment 
with Hydrogen sulphide Hud extraction with 
ether. Small acici4ar crystals, soluble in water, 
alcohol, or ether 

Lohdidinc CaoHg^OaN is isolated frong the 
tinal ethereal mother liquors obtained during 
the preparation of lobeline, in the form of small 
irregular prisms, m.p. 105°, Its hydrochloride 
has m.p. 165° (deconip.). 

LOBINOL. A poisonous, imsaturated phenol, 
having two hydroxyl groups in the ortho posi- 
tion, isolated by McNair (3^. Amer. Chem. 80c, 
1921, 43, 169) from the bark o4 Rhm dii^rsiloba. 
An amber-red oily liquid giving acetyl and 
benzoyl and other derivatives. 

LODAL. T’rade name for 0-7-diraethoxy- 
2-raethyl-3-4-dihydro<soquinolinium chloride 
/X /CH2^ 


Used in medicine as a pressor substance. 

LOESS (Ger. Lobs). A pale buff-yellow, 


porous, friable, fine-grained material occurring 
in certain regions as extensive deposits, which 
are probably in most oases of peolian (wind-borne) 
origin. It consists of minute angular grains 
of quartz and other rock-forming minerals, 
flakes of mica without definite orientation (in 
rocks of aqueous origin the flakes of mica lie 
parallel to the bedding planes), and clayey and 
calcareous material 111 varying proportions. It 
therefore varies between wide limits in ohemicai 
composition as illustrated in the following 
analyses: I and II, Loess from the Mississippi 
valley ; on material dried at 100", the HaO 
includes H from the organic matter (T. (b 
(Ihamberlin and R. J). Salisbury, 6^1 Aim Rep. 
U.S. Geol. Survey, 1884-86). JTI, Adobe from 
Santa F6, New Mexico ; also ( 3 0’34. 1 V, Adobe 

from Salt Lake City, Utah; also Cl 0*11 (111 
and IV 1 j. G. Fakins, quoted by 1. C. Hu^ell, 
Gool. Mag. 1809). V, Loess from Bonn on the 
Rhine (G. Bisehof, (3iem. Geol. 1855; stated 
as (!aCO;, 17-6.3, Mg('()a 3-02, MgO 0-21). VI, 
‘ Blaek-enrth ’ (chernozem) from Russia (R. 
IMiillijis in R. 1. Murchison, Geology of Russia, 
1845 ; also (3 !-7, traces of humic acid, SOj). 


IV. V. VI. 
19 24 62-43 69*8 


7-51 13-6 
5-14 7-0 


r. 11. 

. 72-68 60-69 ( 

. 0-72 0-52 

12-03 7-95 I 
3-.53 2-61 
. 0*96 0-67 

. 0-06 0-12 

. 1-59 8-96 

. Ml 4-66 

. 2-13 1-08 

. 1-68 M7 

. 0-23 0-13 

. 0-51 0-12 

. 0-30 9-03 

. 2 50 M4 

lat. 0-09 0-19 


,100-21 99-54 99-72 100-35 JOO-00 100-0 

When rubbed between the fingers the material 
IS soft and friable with a harsh feeling ; but, 
owing to its homogeneity and lack of bedding. 
It can stand up as vertical cliffs some hundreds 
of feet in height. T^iess is of wide distribution 
in the Rhino valley, and extends through central 
Europe and Asia into Cl^na ; in the latter 
country reaching its maximum development 
and formmg in places deposits of over 1000 fodl 
in thickness. Throughout the Mississijipi valley 
it is also a iiommon surface deposit ; and a very 
similar material, known as addj%, is widely 
distributed in the arid regions of the south- 
western United Htates and Mexico. The 
material is much used for brick making, e8])eoially 
the sun-dried bricks of primAive peoples (hence 
the name adobe, which means in Spanish a sun- 
dried brick). The iftore calcareous varieties are 
used for mortars and cements. When con- 
taiuiiig much organic matter it form.s a fertile 
soil, p g. the well-knoAvii blade-earth or chernozem 
(tehornozem) »f south Russia. 

•For further analyses, see If. G. Schering, 
Chemische Untorsuchungen fiber Loss und 
Lehm, Diss. Freiburg.-i.-Br. 1909 ; P. VS^rling, 
Chemische Untersuchungen fiber den Loss der 
Parapas-Formation Argentiniens, Diss. Freiburg - 
l-Br. 1911 L. J. S. 
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LOGWOOD. Logwood or ( lainpeaoliy wood 
is ono of the moat important dyestutfs, and at 
the present time is very largely cmjdoyed. | 
Although for a long time it has HUcceHsiully ! 
competed with the artificial colouring matters, 
its supremacy as a cotton dyo has been affected 
to a considerable extent by the introduclion of 
the sulphide blacks. 

Logwood aijjicars to have been first imporl(“d 
into Europe by the Sjiaiiiards shortly after the 
discovery of America, and has been cultivated 
in Jamaica from the year 1715 In the tini(‘ 
of Kli/.ab('th its employment as a dy(“ was 
prohibited by Act of I’.irlinment, and huge 
quantitici* ol^ the wood were burned, because it 
was said to ])roduce fugitive colours. 

It IS derived from the JJa mfitoxiflon tanipechm- 
ntun tJnim.), a tree w'hieh belongs to the family 
C(BSfd}iiniacc<f\ and is a nati\(‘ of the wai'iner 
part'of iSoulli America and some of fh(“ VV’est 
india Islands. It also grows in the island of 
Mauritius, and trials indicate that this wood is 
ol good quality (jirivate eommumeation) 

Jjogwood usually comes into tin'- market in 
large blocks weighing about 400 Ihs. 'Phe.se 
externally aio of a dee]i brown colour, but 
intermilly liavc a mueh lighter tint. Tlic best 
qualities come from -lamaiea, Honduras, and 
St. Domingo, for the, true t’ampeachy wmrd, 
at one time I'steemi'd to b<‘ the best, is now 
pract ie ally e x hau s t ed . 

I’lie colouring jiniiciplc of logw'ood, hatmn- 
loxylin, was first, isolated in a ciystullinc con- 
dition l>y Chevrciil (Ann. dhim. [ii.J 82, 5H, 120), 
who obtained it by extracting the w’ood w'ltb 
ether, evaporating' the extract, and digesting 
the residue with alcohol. After thstillmg oil 
the alcohol the residue was allowed to stand in 
contact with walei, when the luimiatoxylm 
HCparatVd in crystals. It may also he inejiarcd 
by similarly treating eommereiiil logwood extract 
wliieli has been incorjioiated with a large 
quantity of sand (O. L. Erdmann, Aimaleii, 
44, 21)2; J. pr. Cheni. 20, I fill ; 30, 2('5 ; 75, 
318). I’or this purpose ether eontaimng watei* 
18 jireferable (Hesse, Aunalen, 109, 332). Jt is, 
liowev'^cr, more easily obtaiiuHl from the dark- 
coloured crusts which slowly separate when 
eonceritratcd logwood liquor stands for some 
time m a cool place. The crudi* mass is ground 
to a fine powder, ^ extracted leiH'atedly with 
ether, the ethereal solution evaporated, and the 
ISisidue left in contact wuth water, when dark- 
coloured crystals separate, which by recrystal- 
lisation from xvater containing a smi(ll quantity 
of sodium bisulphite, may bo obtained colourless 
(W. 11. IVrkiii and Yates, (Jiem. fc>oc. 1'rans. 
1902, 81, 230). 

Pure hiematoxvlin crystallises in prisms 
with 3H2O, and is sparingly soluble in cold, 
readily so in hot, water. Its aqueous solution 
is coloured purple with ai’kalis, and tins on 
exposure to air eventually assumes a browui tint. 
HfiBmatoxyliu is dextro-rotatory, a 1 p.c. 
aqueous solution having a rotation of 1*85 in a 
200 mm. tube. It retell ly reduces salts of 
silver and gold, gives with alum a rose-ied 
coloration, xvith iron alum a violet-black 
' precipitate, and with neutral and basic lead 
acetate at first a colourless and then a blue 
deposit which darkens by air oxidation. 

0. L. Erdmann (/.c.) was the first to submit 


liDematoxylin to analysis, and projposed the 
formula C4oHi70r,, which ho subsequently 
altered to GieHiiOe. This latter formula was 
confirmed by Hesse {l.c.) and at the present day 
is accepted as correct. 

By fusion with alkali, hsematoxylin yields 
pyrogallol (Iteim, Ber. 1871, 4, 331), and 
according to E, Erdmann and Schultz (Aniialcn, 
210, 234) also formic acid. R. Meyer (Bcr. 
J879, 12, 1392) subimtlcd liicmatoxybn to 
destructive distillation and considered that in 
this manner not only pyrogallol but also 
resorcinol is jiroduced. According, however, to 
W. 11. Perkin and Hilbody (Chcin. Soc. Trans. 
1902, HI, 245), no icsorcinol is thus obtained. 

Rcim acctylatcd liainatoxylin with acetyl 
chloride and jwepaicd a substance which 
appeared to be the hcxa-ucctyl iJcrnatiio 
' Jl^t)),,, and as a result suggesteil 

tlu; following constitution for this colouiing 
iirmciple : — 

_Oli _ OH 

011'^ \0H 

OH OH 

E. Eidiiiaim and Schultz (Aimalcii, 1883, 

2 Hi, 234) re-examined Rcitn’s compound and 
showed that this ^^as in reality a ya/ibi-rnc/i//- 
hcematoxylui 0,6ll„Og(( HI J))r,, ni.j) Hi5'^’-H)(i", 
and that luematoxylin therefou' eoiitaiiis five 
hydroxyl groups, ddiis result was eonfirmed 
by the woik of Herzig (Monatsh. 1894, 15, 143), 
who, hy tlic action of sodium mclhoxidc and 
mcth}l iodide on iKematoxylm, obtained the 
IchoDKiJnil denvai'm' 

139"- 140% a substance xvmch still contains a 
hydroxyl group, since on treatment with acctio 
anhydride it yields acetylietraindliylhwmaioxyhn 
('i„H 3O2(OM(')4{0.,H3O), m.p. l'78M80". Jt 
was thus sliown that iuematoAylm bki* brazilin 
contains an alcoholic hydroxyl group which is 
not methylated liy mcaiivS of methyl iodide and 
sodium methoxide under the usual conditions, 
and indeed it has long been considered probable 
that these two colouring matters are closely 
allied in constitution (Liebennann, Ber. 187ti, 
9, 1883 ; ('/. also Hummel and A. G. Perkin, 
Cheni. ISoc, Trans. 1882, 41, 373). 

The following derivatives of luematoxylin 
have also been prepared : • Pmtamtthylhosma' 
toxyliu (^gHpOfOCHjlB, plates, m.p. 144°-147° 
(HerMg) ; dihromhaimaioxylxn 
(Drallo, Ber. 1884, 17, 373); penta-acciyl- 
hromlmmaioxylin Cj4H„Br0g(Ci.H30)g, needles, 
m.p. 110° (Buchka, ibid, 1884, 17, 085) ; pcnla- 
ncdyUelrabromka’innfoxyUn Cj ^HgBr^Opft 'aHaC)^ 
(Dralle); and hcemfitoxyliiiphlhakfHVif^ii.^QOn 
(Letts, Ber. 1879, 12, 1052). 

Our main knowledge of the clicmistry <>f 
luematocylm and' the fact that it is in reality 
hydroxyhrazilin is du(‘ to the elaborate researches 
of W. H. Perkin and Ins pupils, and their results 
have arisen mainly from a study of the oxi- 
dation products of htematoxylin tetramethyl 
ether. 

According to this author (Chem. Soc. Trans. 
1002, 81, 1059), tetramethylhsDinatoxylin is 
most readily prepared by treating the solution 
of hsematoxylm in alcoholic potash with methyl 
sulphate, a method which had previously been 
found serviceable by v. Kostanecki and Lampe 
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(Ber. 1902, .‘15, 106.9) for the production of 
trimethylbrazilin from brazilin. 

When tctramcthylheematoxylin is oxidised 
with potassium permanganate (Perkin and 
Yates, l.c.)y it yields m-hemipinic acid 


hemipiuic anhydride, 2'-hiidroxy -'^' : 4' : 4 : 5- 
ietrainethoxybenzoylbenzoic acid is produced : — 
OMo 


MeO/ \OMo 


"-CO— 'v^^OMo 


an impoitant result, because it is thus certain 
that meinatuxyhn like brazilin (Gilbody, Perkin 
and Yatesi (‘lii'm. Soe. Trans. 1901, 79, 1400) 
contains a catechol nucleus. (Jonseipienlly, 
whereas in the molecule of brazilin a resorcinol 
and a catechol nucleus occur, in hieiuatoxylm 
pyrogallol and catechol gfoujis arc jiresent. 

In addiMoii to ai-hemipinic acid, large 
f|uan(ities of a si'cond acid imp. 215", 

are produced. This is 'l-cinbv.cy-h : 
phcmxiiacctK acid (1)-— * 


-Oil \0Me 


This ketonic acid is then converted by reduction 
with sodium amalgam into 2-mgncsoin/l-!S ; (>- 
natlwxij phi' 114)1 (1), which by iK'atmeut with 
ehloracctic acid and sodium hydroMde gives 
the lactone of diliydrohaniatoxylinic acid (2). 

* MeO • 


-0 011. •coon 


0- (’ll, •coon 


analogous (,o the '2-catb(ixif-b-tii(thaxi/pfu iio.nj- 
arcta and (2) winch was obtained m a similar 
mannei from brazilin Iriiuethyl ether (fee 
Brazilvvooj)). I 

Finally, Irom the ])rodu<9. of tJu' oxidation 
a third comj)ound htonatoxyhntc add (\o^^.;o^No’ 
m.p. 180‘\ was isolated. This on lediietion with 
sodium amalgam is converted quantitatively 
into an acid ( '.^o' "luch is a monobasic 
laiitonic find, aqd it is therefoie, evident that 
the lattei is |)ioduceil in two stages thus i 


,0 -CllpOO.,!! 


OMo OMo 

(Mn.sequently, tlii^ lormuhe of ha-matoxylmic 
ai'id (.‘{) and of diliydrolnematoxylinic acid (4) 
are thus represented— 

OMo 

MeOf" O— (ML-CO.H 


IIa’uiatox\- JuliydreiJi.eiii.itoxj- 
liiiic acid lime acid. 

Tiiictone of ditiydro- 
hieinatoxyluiK; acid 

The constitution at lir*t assigned to ha*ina- 
toxylimc acid by tlfe.se authors was as follows 


MeO/ h— 0— (TL'OOoH 

\/ ' (JIKIK COOH 

/ 


but this, and the coiTesjionding h.niiatoxylin 
formula— 


From these facts the constitution oMnematoxylin 
itself naturally follows ; ~ 

1 OH o 


were subsequently modified, as the result of 
the synthesis of the lactone of dihydro-ha*nia- 
toxylinie acid referred to above (Perkin and 
Robinson, Chem. Soc. Trans. 1908, 93, 492). 

When aluminium chloride reacts with a 
mixture of pyrogallol trimethyl ether and in- 


' . c(on) 

CH'"''' OH, 

\ / 

/“\ 

• ohroH 

and this is identical with that which Pfeiffer 
(Chem. Zeit. 1904, 3, 380) from theoretical 
considerations suggested as possible. 

Other constitutional formulee have been 
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assigned to hRjraatoxylin, of which that of 
BolUna, v. Kostanecki and I’anibor (Ber. 1902, 
35, 1(578), analogous to the brazilin formula of 
Feuerstein and v. Kostanecki (Bor. 1899, 32, 
1024), is of intorost — 






It was; h(«,vover, evident that such an expres- 
sion do(!S not aecfiunt, for the production of 
wi-hemipinic aeul or 2-carboxy-5 : O-dimethoxy 
phenoxyaeeti(! acid by the oxidation of ha'ma- 
tox>*Jin totiauK'thyl ether. On the otl^/r hand, 
V. KostaiH'cki and Lamf)e (Ber. 1902, .35, KJO?) 
at first suggested tlia.t j)revious to the degiada- 
tion of tile nu'thyl ether by oxidation with! 
permanganati^ an niti'rnal linkage is jirodueed, ' 
witli prodnetjon of tlu' following eoiupound - 


Tliose authors ultunately eonsulereil, as 
W. H. Perkin eontmided, that a w-heimiunie, 
residue is eontauied m liBBinatoxvlin tidrametbyl 
other, and as a result proposed the following 
modification of their lormula lor tins eolournn'r 
matter^- - 


OH 

Cll 


llfcinHtoxyllii. 

Again, Ilorzig and Jhillak (Monatsb. 190(5, 
27, 743 ; Ber. lOOU*. 39, 2(57), in a eritieism of 
the earlier formula of Oilbialy, Perkin aiul 
Tates (he.), suggested, among otbers, two 
possible constitutions for brazihn, tbe seiond 
of which is identical with tiial. of v. Kostanorki 
and Lampe/«ec above), and winch ap])lied to 
hieinatoxylin, are thus rejireseiited - 
OH ^ OH 


CH, I 

>-l 


( 2 ). 

HWHC/ i 


tetramethylhiematoxyUn with permanganate 
(Gilbody, Perkin and Yates, l.c.). 

Herzig (Monatsb. 1(5, 90(5) submitted acetyl- 
tetramotbylliaBmatoxylin to oxidation wdth 
ehroniic acid and obtained a new product, which 
on hydrolysis gave tctrameih^dchydroJimna- 
1 toxylin 0 jjHj- 0 ( 0 Mc) 40 H. This latter, on 
’ acetylation, yielded acidylkiramxthyldvliydro- 
InRiaatorylin (*jBTIgO(OMe)4(OC.TJ 3O), and by 
I methylatioM pcnlanielhyldchydroha'moioxylin. 

I W. II. Perkin ((diem. Soe. Trans. 19^2, 81, 
1057) oxidised tetramethylhcomatoxylin W'ith 
chromic acid, and obtained a substtinco icira- 
, w, ethyl hmmntoxyUmp (\bHbO(OMo) 4 (()H) 2 , corre- 
' spondiiig ill all its reactions with trimethyl- 
brazilone. For this, at that time, the formula 


^ , (1I0)<T 

' TdlOH 

was proi>osc(l. In addition to tins comjioiind, 
2-carboxy-5-() clmielboxyphciioxyacetK' acid and 
i/i-bemi|nnic acid were also produced dining 
the oxidation. W'hon digested with acetic 
aiiliydride, ti'trametliylluematoxylone gives 
(I Pi I iilanliydroldmiH dhylh minaioi ylun f 

evidently identical with IJer/ig's acctyltetra 
mctlivklthydrohieniatoxyliTi referred to above. 

B> hydrolysis this comjiound gave auhydro- 
letrainetliylluemaloxyloiie CjgHj()(OMe) 40 rl — 


-/\(hOH O-Cli-X 


In, a later ]ia})or Perkin and Ilohinson (Phem. 
Sue. Trans. 1908, 498) discarded those exjircs* 
sioiis and assigned to tetramethylhaimatoxylono 
the constitution given below. These authors 
consider that during the oxidation of tetra- 
iiiethylhamiatoxylin with chroipii; acid, a 
destruction of the central linkage occurs, and 
the unstable dikctof.c which is thus formed 
undergoes aldol condensation' with the produc- 
tion of tetraiiiothylhicniatoxylone — 


- \ ^ / 

OMe OMe 
Tetraraethylh»matoxylIn. 


These formului of v. Kostanecki and Lampe j 
and Herzig aftd Poliak cannot, however, bo 
eorrect, as they do not account for the formation i 
of haomatoxylinic acid by the oxidation of * 


CO. 00- - 


OMe OMe 
Blketone. 
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n ('O 


-C{OH) 


/\ 

; McOf 

[ JoMe*- 

' (1) 


OMe 

^ 'rotraineUiylliOimatoxylone. 

'J'his formula indicates that tetrainethyl- 
hannatoxylone is a derivative both of coumaran 
and tctrahydrnnaiihtlialcne. 

'L'ho formation of anhydrohsomatoxylonc 
by means of acetic anh^Mlride {l.c.) is due to 
the eiimination of wat(M' from the aldol group- 
ing 111 tetramethylhsematoxylone, and the 
constitution thus given to this substance re- 
presents it as a derivative of Y’^**'!*^*^*^^^* 
with which indeed it has many pioperties in 
common — 


expressions which harmonised witli tlieir sug- 
gested constitution for hwmatoxyhn {U \)\ — 


MeO 




HO-0 


OMe 


HO‘CH — ^ ;OMe 


(K 




MeO 


(;(OH) 

OH 


c; 

II 

HO-O- 


“\/ 


OMe 

1 

OMe 


MeU 


OMe 
OMe 

When acotylanhydrotetramethyiluematoxy- j 
lone IS treated witii nitric acid it readily reacts ; 
with the formation of the luonoiutro compound | 
(Perkin and Kobinsun, ibid. 1901), 381) — 


Aceoidiiig to these authors, when tetra- 
met hyllumiatoxyloiio is tieated with alcoholic 
Kiilphurie acid, a new (iompound (T or 4') 
/oyi/io 1//-3 : \ . 0' : T -U tntmdhojnjbrazuv is formed, 
whieh is represented by one or other of the 
aimexeii formula; ; — 


MoO O 


/^OMe 

OMe 


MoO OH 




NO, 

\ 

OMo 

()Me 


and from this substance by reduction with zinc- 
dust and hydrochloric acid the corresponding 1 
amino derivative is produced. This, when j 
oxidised by ferric •diloride, yields tetramelhoxy- \ 
a-braz:mquiiionc {cf, v. Kostanecki and Rost, t 
Ic,)— *■ 1 


"tTY': 

OH 


MeO 0 011 


Oxidation with chromic acid converts this 
substance into 3 • 4 : ti'' : 1' -f(4rameiho.ri/hrciziin- 
qiiniotu' (1), which by reduction and acetylation 
yields 3:4:0': 7'-tetramct}ioxy (1' : 4') diacet- 
oxyhrazan (2) — 


MeO^ 


O 

MeO 0 11* 

/\ ^ /V/\nMo 


MeO 


MoO , 

■■\/C\ ■■ 


U 


: 0 

/\ 




OMe 


•Me 


That this substance is an ortbo-ijuinone is j 
shown by its behaviour with o-tolylencdiamine ! 
with which it condenses with formation of a ' 
characteristic quinoxaline. On reduction, the , 
quinone is converted into ilie corresponding 
dihydroxy derivative. 

V. Kostanecki and Rost (Rer. 1903, 30, 
2202), on the other hand, proposed for the 
tetramethylhffimatoxylone (1) and anhydrotetra- 
methylhromatoxybne (2) of Perkin the following | 


(i) 


( 2 ) 


u 


\/^/ 


:oMo 


MeO O OAc 

“O'Oj: 


OMe 

OMe 


OAc 


Whi'u distilled witk zinc-dust, both hydroxy- 
tAraniethoxybra/.an and tetramethoxybrazan- 
quinone yield naphihaUne. • 

Ilerzig and Poliak (Ber. 1904, 37, 031) also 
found that cold concentrated sulphuric acid 
converts ietramethylhieraatoxylone into an 
isomeric compound xlt^kPramethylhamatoxylone, 
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and RuptpoHiod the following forniulii* aa applic- 
able to thiH Kubsiance ; — 


McO 


MoO 0 

/\/ 


'r 


McO 


Oil CH 
()K 
() 1 { 
0 (1 


OMe 

'OMe 


' V 'I 


Ji CII 
(■)}f 


(UMe 
( )i\le 


Tnis by loss of water gives fi-ati/iif.hoh Itc- 
mdlvjUnrninloxnhiM , wdiich is nb'utical with v. 
Kostanecki and Itosl's liydro\;^ (ctiainctliovy- 
brazaii — 

MH) O Oil 


AlcO 


Iv 


OMc 

OMc 


Perkin and Jlobmson {l.c ), ,is tlie lesidt ol 
a study of tbe work of Ibav/ig and Poliak, liavc, 
however, shown that i/i-t(‘traniethylh;einaloxy- 
lone IS in reality a inoiiobasie acid, and possesses 
the following cfinstitLilioii : — 


MeO 0 

('ll ('(),M- 


- (dl., 


OMe 

OMe 


d'his, by elimination of Maler, passes into the 
compound (j) and IIk'ii by inirainolceular 
change into hydroxyletianieth’oxybrazan (2) 

AlcO O 


MeO 






( 1 ) 


'"|'^'^|OMe 
' 'OMe 


(2) 


MeO 

MeOjQj 


OK 

!oM( 




When ^//-tetramethyllnenlato\^ lone ih treated 
with potassi^im hypobiomite a eolouih'ss pre- 
cipitate soon separates, d'his eiystallises in 
almost colourless prisms oi iieedh'.s, and ])ossesscs 
the Constitution of a tdranH'dwxt/rmmirono-iso- 
coumariiiJn/drohronii'Jc : - 

( )Me 


MeO 

MeO^^/ 


0 

Oil Y 


\ -OBr ^co • 

. / 

0 

For tlic thenretical considerations involved in 
^ 'I'-trimetliylbrazilone bclmves analogously. 


the production of this interesting substance the 
original jiapcr should bo consulted. 

Ilfciti'ilcln. — When oxidised under suitable 
conditions, luematoxylin readily jiasses into the 
colouring matter iuematein, according to tlie 
equation CigllnOg f O^t 'leHiMOg + H at). 

Haematem w'as iirst produced by (). L. 
J^rdmann {!.( ) by jiassing air through an 
ammoniaeal solution of hannatoxylin, and sub- 
sequently aeidifying with acetic acid. 

Krdnuinn and 8chult/ [l.c.) who adopted a 
somewhat similar ])roeedure, succeeded in 
isolating Iuematein in leatlets which possessed a 
imdallie lustre, ileim, on the other band (Bcr. 
1871, 4, 5H1), treated an ethereal solution of 
luematoxylin with a little i-oneentrated nitric aeirl. 

By extracting ‘ affed ‘ logwo od with ether, 
tlalhersludt and Reis (Her. 1881, 14, 611) 
old.iined 1 j).e. of a veiy ])ure erystallme 
liieMatein. 

Hummel and A. (k J'l-rkin (t'hem. tSoc. 
'(’rails, 1882, 41. 57.‘{) exjiosed an ammoniaeal 
solution ol logw<»od extract to the air for tw(» or 
thri'c (lavs. 'I’ho jireeipitated ammonia com- 
pound of haumitein was collected, dissohial in 
water, dilute acetic aci<l added, and the mixture 
digested on the water-bath to dissolve as much 
as po.ssihlc of the suspended amorjdious hicma- 
tmn. 'J’Ik' chnir lajuid aftei partial evajioratioii 
deposited crystals oi the colouring nuittei, 
possessing a yllowish green n ideseenee, and 
having the composition 
•‘According to Mnyei (('hem. Ziuitr. 1904, 1, 
228), hamiati'in may also be prepared by oxidis- 
ing b.ematoxylin m a<{ueoiis solution w'itii sodium 
lodat e. 

Kngels, \V. 11 J’erkin and Tlobmson ((.'hem. 
Soe. 'I’lans. 1008, Oil, 1110) passed air for (i 
hours through a solution of 1.7 grams of haonin- 
toxylm, dissolvial in a soliitipn of 1^ c.e. <d 
eoiK'cntrated ammonia in 150 (.e. of water. 
'I’hc jiroduet of the oxidation was added in a 
thin .stream to dilute acetic acid (250 e.e. of 
10 [),e.) lieated on the water-hath, when haiiiia- 
tem sejiarated in crystals. 

llamiatein is very sparingly soluble in water 
and the usual solvents. Alkalis dissolve it 
readily ; ammonia dissolves it with a brown- 
violet colour, whilst strong alkaline solution 
has a rich purplish bliu' colour. On exposure to 
air the colour of these alkahne*solutions gradually 
hecoines red and iinally brown, the colouring 
matter being destroyed. Hy addition of potas- 
sium acetate to the boiling alcoholic solution of 
Inernatein, the monopotassium salt 
is deposited (A. 0. i^'ikin, ('hern. Soe. 'I'rans. 
1800, 75, 44:J). 

Sulphurous aeiil or sodium bisulphite solu- 
tion converts hsomateln into a coiourlcss addition 
product, readily soluble in water, but no reduc- 
tion heri'by appears to occur, as on boiling the 
solution or by addition of acid haematein is pre- 
cipitated. With ziiic and liydrochloric acid or 
with stannous chloride and caustic soda, a solu- 
tion of haomatein is decolorised, but on standing 
the liquid regains its former tint. 

It has long been considered that hiematein 
is hydroxy brazilein, and this has now been 
clearly proved by a study of the behaviour of 
both Iuematein and brazilein with reagents 
under similar circumstances. I'his relationship 
is at once evident from a comparison of the 
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following formula! (Engels, Perkin, and Rolnn- 
son) 

0 OH 0 

^/XOH) 

0 '"'CHo 


OH 


OHfl' 

\/\-^ 


,CHo 
/(XOH) 

C '^CHo 

\ / ' / 

/■“\ /“\ 

\_/ 

< I! I II 

oil O' OHO 

• Itrazih'ln. Hieniak*in. 

When luemaicm is methylated by moans of 
alkali and mi'lhvl sulphate, the pnaluet consists 
essentially of teti‘ameth>lha?ma(eiii and piuita- 
methyldiiiydrohajmateimH. 

Tt‘inin)('ih)i{/t(t^tn(it('in (I) crystallises in amber 
prisms, and whmi digesti'd with dilute pt tassinm 
hydroxide is I’onverttal by the addition of \^ler 
into ielnutiflhf/ldihydiu/iajinntnHol (2), yellow 
prisms— 

]MeO O MoO (» 

(11 2 

\/ / 

(1) () OH., (2) ' (7011) OH,, 


MeO 


MeO| 

I 


('lU 
0(0 Me) 


< 




_/ 


I 11 MeO OH 

MeO O , 

PenUinu Oiyldihitd) >>h(rn\akinol 
Met > O 


MeOj 


r 


■OH „ 

^ ^X:((.)Me) 

0 ( 011)0112 


MeO OMe 

the second product of the reaction, crystallises 
in yellow jilates, and is also jiroduced when 
tetramethyldihydrolnemateinol is methylated 
with methyl .sulphate and alkali. 

In.tlie year 1882 Hunynel and A. G. Peikin 
(Oliem. Soe. Trans. 41,*ri(17) observed that 
hsBinatein and al») brazilein are converted by 
the action of mineral acids into orange or rial 
salts, from which the original colouring nfatters 
could not be regenerated. 

When hamatein is dissolved in cold suljihuric 
acid, a reddish brown solution is produced from 
which, by cautious addition of acetic acid, 
minute orange- coloured prisms of acid imlujc- 
maleinsulphah Gj8^1i2G5S(,)4 are deposited. The 
reaction mav be rejiresented thus ; 

y„H,/j,-4-HsSO.==c,X,o,so,-fir,o 

This substance, when left m contact with 80 p.c. 
alcohol. 18 gradually transformed, with loss of 
sulphuric acid, into a new compound crystal- 
lising in orange-red plates possessing a strong 
metallic lustre and to which the formula 
was assigned. On the 
other naiid, hydrochloric and hydrobroraic acids 
in sealed tubes at 100'’ convert heBmatein 
respectively into isoheematein chlorhydrin 
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and imhfpmafein hromhjdrin Br, which 

crystallise in orange-red needles. 

If to an aqueous solution of /.sohscmateiii 
chlorhydrin or bromhydrin silver hydroxide is 
added to remove the halogen, a solution ef 
imhirmafrin is ohtaimal, which on evajioration 
leaves this substance as an araorphous mass 
possessing a green metallic lustre, /.soluematem 
and its salts dissolve in .solutions of the alkaline 
hydroxides with a rcd-violct colour which is 
easily distinguished from the corrcsjionding 
hlue-violet solution of hamiatein ; moreover, 
the dyeing properties of thc.so eonipounds and 
' hacmatein differ coiLsiderably. 'Phus the ?.s'o- 
I li.-ematein derivatives give, on cotton juordanted 
with alumina, a dull red inclmiii'f to ehoeolatc, 

' with stiong iron a black, and witli mixed alumina 
i and iron a full ehoeolatc. Again, the tinctorial 
! ])ower of these compounds is much greater than 
I that (. fatin' original hamialein, and the ciftours 
I are nmeli faster. 

' As the result of the investigation of a large 
1 number of pyranol salts (W. H. Perkin, Robinson, 

I and Turner, (Jhern. Soe. 'Praiis. 1008, 0!}, 1085), 
j it seimis eerlain that these lieematein salts are 
' derivatives of -1 nohcuzopyranol (1), and 

I that isohaunatein sulphate possesses the con- 
! stiiutioii (2) — 

i HSO, 

I O HO O 

' ^ / \('H Mil/ 

; I I ( I I . 

I /' ■ \/\/" . 

I (1) (i(OH)(Tl„ (2) (1 CHa 

i " \ / 

" o 

110 OH 

/.soluematein ehlor- and bromhydrina are 
formulated similarly. 'Phus from tctramethyl- 
hamiatein, Engels, Perkin, and Robinson {l.c.) 
have ])re])are(l k ■hydiuxij-l : 8 : i'-trimet/ioxy- 
i :‘i-in^cnobf'nzoj)ffr(UK)l (1 : 1) unhydioferri' 
chloride — 

bVC'l, 

MeO O 




MeO/ 


1 iC" 

c. CH, 

'\ / 


<: 


MeO OH 

which crystallises from acetic ^cid in well- 
delincd elongated prisms. Pentamethyldihy- 
drohiemateinol, on the other hand, gives 
7:8:4'; -UAramdhoxy A : ‘^-indenohmzojryravol 
(1:4) anhydroferrichloridt — . 

• FeCl^ 

MeO () 

MeO 



MeO OMe 
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Before being used by the dyer, logwood is 
reduced to chips or powder, and these products 
are known as ‘ chipped,’ ‘ rasped,’ or ‘ ground ’ 
wood. When first cut down the wood has a 
pale yellow colour and ccnitains only liacma- 
toxylin, but during trans])ort or storage this 
colour gradually deo})ens owing to a .surface 
oxidation of the ha)inatoxyJin info lueniatein. 
Formerly, and even tf) sonic extent at the 
prosoiit time, it wa.s tlie practice to submit the 
chipped or rasped logwood to what i.s known 
as the ‘ ageing ’ proces.s, in order to facilitate 
the haomatein formation. This consists in 
wetting the wood thoroughly with water, then 
forming it^into heaps, 4 to 5 foi't high, in large 
airy chambers. Very soon the mass begins to 
ferment, which is indicated by a rise of its internal 
temperature, the wood gradually <larken8 in 
colour, and during the ojieration the mixture is 
repdfftedly turned over and remixed in*)rder to 
ayoid too vigorous a hu’iiKuitation and to obtain 
an even result, (.’onstant attention is necessary 
during this ‘ageing ’ process, for if the reaction 
18 allowed to proceed too far, a ]K)rtioii of the 
colouring matter is destroyed, and ‘ luirnt ’ or 
‘ over-aged ’ wood is jirodneed. Tn order to 
expedite this operation, the use of various 
oxidising agents has been suggested ; a sprink- 
ling of the wood witli unimonia has been 
said tn oxorciHi' a beneficial result ; but, on the 
other hand, such ]irocosHeH ari' best avoided, 
for it is iliflicult undtT these eireinnstaiiec's 
to control the reaction and pievent an owi- 
u.xidation. 

Latterly this ageing ojieration has been Kss 
in vogue, not only on account ot the increased 
employment of logwood extract, hut bccau.'^c 
it is now recognised that where the mordant 
employed for dvcirig jiurposi's can exert, an 
oxidisi»g action, this preliminary treatment is 
unnecessary. FoniKirly, logwood blacks on 
wool wore produced by means of an iron 
mordant, but this is luw largely rejilaeed bj- 
the use of iiotassnmi dicliromate, whigh pro- 
vides a mordant possessing the jiower of con- 
verting at least a portion of the lueniatoxylin 
into liannatein. 

LcKjwood exhad is nov' jirejiarcd in enormous 
quantity not only in this country but also in 
Jamaica in the neighbourhood of tJic logwood 
plantations, and in the latter ease an economy 
is naturally elTcctei! in the carnage of some 
varieties ot the extract rattier than that of tlie 
more bulky wood to this and other conntries. 
Logwood extract is almost invariably picpared 
from the ‘ unaged ’ wood, because whereas 
hiematoxylin' is readily siJutile in waier, liawa- 
tein is not. On this account, an aged wood is 
difficult to exhaust. For the manufaiture on 
the large scale, tjvo processes are in vogue 
known respectively as the ‘American’ and 
‘ French ’ methods. These glider merely in the 
manner in which the w'ood is lixiviated, for this 
is carried out by the French jiroeoss in open 
jians with warm or boding water, wliereas in 
tlie American process, closed vessels are used in 
winch steam at from 16*to 30 Urn. pressure^is 
employed. In both cases the liquid is after- 
wards concentrated, preferably in vacuum pans, 
and the ])roduct is sold at about J5®Tw. as 
hgioood hqvor, at 51°Tw. as logioood ej'tract, 
or in tlie solid condition as wb’rf logwood extract. 


As a rule, it is considered that the extract made 
at tlie lower temperature gives the brighter 
shade. 

Certain processes arc in use for the ‘ ageing ’ 
of ‘ logwood liquor,’ that is, the conversion of 
the dissolved h.Tmatoxylin into hseinateiii. For 
thus purpose the following methods have been 
suggested : (a) treat the logwood liquor with 
bleaehiiig powder solution ; {h) half neutralise 
witli alkali or ammonia and blow air or oxygen 
through the liquid ; (r) cmjiloy air or oxygen 
for this purpose Avitiiout llie addition of Itlkali ; 
(d) boil with manganese dioxide (Wejdon mud) 
and filter. Tiiteresting also in this respect is 
the patenUid process of Tlaak (Chem. Zentr. 
ItlOn, li. 8(i7), who 1 1 eats IIk* extract with sodium 
nitrite. 

A very imjiortaiit ])ro(liict more recently 
introduced is the so-eaili'd cryst-alline hainalcin 
jw.yfc, ^ liich IS a (ready extract containing in 
sn,sf!ension minute crystals of ha'iiiatciri. The 
details of the prejiaration of this material, 
wind) a])]»ears to have been first introduced 
from Jamaica, although now also manufactured 
in tins country, are kept secret. For experi- 
mmital jmrjio.ses, this paste may be emjiioycfl 
as the source of a com])arative]y pure hiematein, 
which can bo isolatiai from it by dilution with 
glacial acetic acid and subsequent filtration 
(private eommunicatioii). 

J.,og\vood and its extracts arc enormously 
employed for tlu' dyeing of blacks on silk, woo], 
and to a Ic.ss extent v/illi I'otton, diidly in eon- 
jii’nction witli iron and clirominm mor<iants. Tt 
also enters into the composition of numerous 
compound shades, 

Hadard Lo(/V’ood. — During the jiasf few 
years (he growers of logwood in Jamaica have 
been greatly distuibcd liy the apparent inereaso 
on tlnur propeitics of an unmeidiantablo 
vaiiety of tli(‘ tree knowui as ‘ bastard ’'logwood. 
Bastard logwood is piaotieally devoid of 
Iia*mato\ylin, but contains instead a ydlowisli- 
green i>igment wJiidi, wlimi admi.xcd' witli the 
commercial extract, reduces its diaractenstie 
tinetorial proiierties. (^’hips of the bastard 
logwood present a yellow, pale pink, white, or 
even diocolate coloured surface instead of the 
dark red oi imrple- bronze tinted^ colour of the 
best Jamaican or M'.xiean logmioda of com- 
merce. ^ 

So similar art' the trees of the ‘ true ’ and 
the ‘.bastard ’ logwood, that it is frequently 
impo.ssible to decide wJietlier a tree is really a 
‘ mulatto ’ or not. When first cut a bastard 
tree is frequently dark enough internally to 
indicate that it is u good red- wood tree," but 
instead of darkening with age, as all the best 
wood does, it remains the same colour or becomes 
lighter ratlicr than darker. 

Cheqjioal test* readily distinguish between 
the red and bastard wood, for whereas alkaline 
solutions turn an extract of true logwood a 
puqile colour, with a bastard extract the shade 
of yellow is merely deepened. Again, mineral 
acids turn aqueous extracts of true logwood 
orange to bright rod, whereas a bastard extract 
is not thereby atfectod. 

Dyeing trials, employing stripe mordanted 
calico, are also serviceable, because, in the case 
of the bastard variety, the aluminium mordant 
remains practically colourless. 
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HiEMATOXYLON AfBTCANUM. 

The genus haematoxylon has hitherto been 
represented* by onJy one species, the //. campea- 
chimmm, and the recent discovery of a South 
African species is of particular interest. Tliis, 
now termed the //. africamun, was found among 
the rocks at Ifoloog in Great Namaqualand by 
Dr. H. H. W. Pearson in February, 1909, during 
the l*ercy Sladen Memorial Expedition in Soul li- 
West Africa, 1909. It consists of a shrub 1-1 *r> 
metroi tall, the flowers of which are yellow, and 
the loaves smaller than those of the //. carnpea- 
chiannm (Stephens, Trans, lloy. tSoc. S. Africa, 
1913, fiii.] 2, 255). ‘ j 

Stems of this ])lant sent to England for | 
examination wore covered with a thin brownish [ 
bark, and varied from 1-1 1 inclu's in diainetm*, j 
and from 11-10 inches in length, (hit tnins- ! 
versely they were seen lo consist mainly of a j 
redebsh-brown core sarromidi'd by an almost ! 
colourless layer of W'ood, and Ibis coi(% as is the 
case with logwood itself, darkened somewhat 
on exposure to aii and became of a richer (lolonr. 
When ground, the ochre-colouri'd powdi'r is of n 
much lighter tint than either giound logw'ood 
or liruzil-wood. 

The aqueous extract of the ground wood 
gives in eoinpansou with those obiaimal fiom 
logw'ood and Prazil-wood the following colour 
tests 

II. ajricaninii Brazil-w'ood Logwoo^ 

NaOH . rink I (.’rimsrm Deep reJ- 

I violet 

FeOL . llrown ' Deep brown Purplish- 

i black 

Pb(Ac)3 . Pale pink | Pink Deep bine 
almost colour- j precipitate precipitate 
less preclpitJite 


I co-workers lie,). The slight difference in the 
' properties of the H. afrkanum. and Brazil-wood 
may be due to certain impurities in the former 
dyestuff not possessed by the latter, but on the 
other hand a methyl ether of h.'eraatoxylin of 
the typo 

OCH3 

; 

I Vh., 

I I 

/ \ 

OH OTP • 

will without doubt dye shades of an almost 
identical character 'witli those given by brazilin 
itself (Perkin, J. Soc. Dyers. 1918, 34, 99).^ 
LOMAO, a green dyestuff of Ghinese origin, 
is, or rather wms, since it has been supplanted 
by artificial colouring matters, mot with in 
commerce in the form of thin laminie of a dark 
j bluish or bhiish'green colour. Though formerly 
(Miqiloyed to some extent in Europe, it does not 
app(‘ar, ow ing to its extremely expensive nature, 

' to have been extensively used. According to 
I GrooKes (Dyeing and l^alico Printing, 429), 
lokao contains from 21*5 to 33 p.o of ash, 
9 3 xi.o. of water, and 01 *7 p.c. of colouring 
matter. It is insoluble in wattT, and the usual 
solvents, but dissolves in sulx>huric acid with 
a red-brown coloration, and also in alkalis, but 
the solution thus obtained gradually acquires a 
brown tint, 

According to Helot ((hookes, Ic.) and others, 
lokao requires for its preparation two distinct 
plants, the Jihamnns dahunca (Pall.) (hong. pi. lo. 
chou) and the JL tinrtorin (Walldst. & Kit.) (p6. 
pi. lo. chou), tlic first of which is said tf^yieln a 
deep and fast colour, whilst from the latter a 


The alkaline extract of the H. afrkanum on ' weak but brilliant colour can be obtained, 
boiling deepens considerably in colour and According to llupo (Die Chomie der natiirlichen 
possesses a faint greenish fluore.scetice, and this 1 Farbst#ffe, 1900), the plant bark is extracted 
property is also exhibited by the (ioiTespoiidmg i with hot water, the extract allowed to stand 
extract ()i Brazil-wood. i overnight, filtered, and then treated with potas- 


Dveing trials with both the //. ajrknnum e.arbonate or milk of lime. Cotton yarn is 

(170 p.c.) and Brazil-wood (40 ixc.) employing *>»imer.sed in this mixture, subsoqueiitly with- 
mordanted wnolkm cloth gave the following | drawn and spread out in meadows overnight 
shades' : — ** j and a jiortion of the daytime, and the operation 



Cx 

A] j (Ju 

Sn 

Fe 

H. afri- 

Red- 

Dull Brown 

Very 

* 

Dull 

canum 

brown- 

blulali- 

pale 

purple 


vklet 

red i 

brown 

Brazilc 

R(‘d- 

Bluish- 1 (daret- 

1 Red- 

Blue- 

wood 

violet 

red i brown j 

i 

!• 

1 1 

brown 
! very 

1 pale 

1 

violet 




The //. africanum, tlierefore, differs from 
logwood in that the colouring principle it con- 
tains is not hsematoxylin, but a substance 
which somewhat closely resembles brazilin in 
its general properties. It is a much poorer 
dyestuff than Brazil-wood, and on this account 
is of no technical importance, but should it 
eventually prove to contain brazilin, the matter 
is of special interest in view of the connection 
between this latter and haematoxylin which has 
been .shown to exist by W. H. Perkin and his 


repeated ton or twenty tynes, 1’be colouring 
malt,(‘r is removed by rubbing the yarn with the 
hands in cold water, and the precipitate, whitli 
settles to the bottom of the receptacle, is washed 
by decantation, spread on paper and dried in the 
shade (rp. also Crookes, l.c.). ^ 

According to Cloez and Guignot (J. 1872, 
10()8) lokao or (diinesc green is, in reality, a 
lake, and by treatment with ammonium car- 
bonate 18 converted into t^o ammonium salt 
of the eoloiiring matter lokain. NH 4 *C.^j,Hjia^\ 7 - 
By the action of dilute sulphuric acid lokain is 
hydrolysed with formation of lokaHin 
glucose (rharnnose ?), and a soluble comxiound 
which is precipitated by basic lead acetate. 

Kayser (Ber. 1885. 18, 3417; cf Rudiger, 
Aifcb. Pliarm. 1914, 252, 165) extracted finely 
I powdered (Chinese green with concentrated 
ammonium carbonate solution, added alcohol to 
I the clear liquid, and thus obtained a precipitate 
of the crude ammonium salt of the colouring 
matter which he termed lokaondc odd. This was 



LOKAO. 


collected, extracted with ammonium carbonate, 
the solution precipitated hy alcohol, and the 
operation ie])eated siiveral times, the product 
being finally dissolved in water and the liquid 
evaporated to crystallisalifui with the addition 
of a little ammonia. I’lius prepared the diam- 
mOHiuni salt of lokaonic. acid ('42^^4^^25(^114)2 
(Rudiger) eonsist.s of sninll crystals po.ssessing a 
bronzy lustre, which at 40 ('. c-onirnencos to lo.se 
amm()nia, and at 100" gives the rnono-animomum 
salt (‘42ll47(^27{N^U4)- I'bc ]H)f(lSStK7n SUlt 

separates in the form of a blue anioiphous 
jiowdiT, whim a conccnlrated aqueous solution 
of the diaf.infoiiiiim suit is treafisl with alcoholic 
])otash ; whereas th<‘ hfuiiini salt ('421*44(^25*^^0 
obtained by means of baiiiini ehlondi', has a 
similar a])pearance, the lead salt ( '42II 4i( h^^Pb 
is aurlark brown powder. 4 

jAiiaonic arid (^2** 40**25’ prejiared by the 
deeom|)oHition of the diaiiimonjuin .salt, with 
oxalic acid, eonsist.s of a bluish bl.iek ])owder, 
which, when rubbed, develu]»s a metallic lustre. 
It is insoluble in tlii' usual solvents, but di.ssohes 
111 solution of the allvahiK' hydroxidi's and am- 
monia with a pure blue tint. 'h-i'atiiK'nt with 
siil|ihnretted hydrogen ehanges tins to a blood- 
red colour, which passes to gieen on exposing 
the liquid to air. Digested with dilute .sulphiirie 
acid oil the water-hatli lokaonic acid is hydro- 
lysed with fotmatiou of loLmiic and and a siigai 
rhamno.se (Rudiger). 

Loldtiic acid (.hi6*i.!6^*2i violet-black 

crystalline jiowder insoliibh' in water, aleulu*), 
ether, and chloroform, hut/ soluble in alkaline 
solutions with a violet-blue coloration. 

'I’ho anmmiunn salt ( '-nil ac* Dib<-1*4» the 
bm'nim salt ( '3«lfa4(*2i*bv, and the had salt 
C3jHa^(J2ilM), are ih'scnhed hy Kayser. 

liot fit) p.c. puta.ssinm hydroxide solution 
converts lokanie acid into pfdoi aqbin nol and 
delokaiLic acid (^allyDs* which consi.sts of a 
brown powder dissolved by dilute alkalis, 
whereas nitric acid gives with lokaific acid 
nitroplilorofil ncuiol. 

The sugar to wiiich Kayser gave the name of 
lokaose (C'({lli2(*6) rluimnose ('aH,2D5. 

According to I’eisoz, i-ottoii can bo dyed in a 
weak alkaline solution of lokao, and it bcha\e.s 
also as a vat dyestuff, lor which purpose it may 
be reduced by faint)/ acid or alkaline .stannous 
cj^iloride. The colour thus obtained is blue, and 
can bo converted into green by the subsequent 
employment of a yellow dyestufl. 

Ill order to dyo cotton a green with lokao, 
Persoz recoir mends a bath ])rejiared by adding 
the pigment to a solution of soap, wherca.s for 
silk Michel obtained excellent results by employ- 
ing lokao and alum solution in the pre.senee of 
lime salts. For (T.inose and other methods of 
employing this dyestuff, sec Crookes (/.c.), and 
Knpe {I.C.). ' A. U. P, 

LOLLINGITE or LEUCOPYRITE, Iron 
diarsenide FeAs^ crystallised m the oriho- 
rhombie system, ana isomorplious with niar- 
caaite (FeS2) and mispic^kel (FeAsS). It rqii- 
tains on an average 07 p.c. of arsenic, with about 
2 p.c. of sulphur; .small amounts of eobalt (up 
to 0-4 p e.), nickel, copper, silver, and gold are 
frequently present )\Tth increasing suljihur it 
passes into niispickel, which it closely resembles 


in colour— silver- white to steel-grey with 
brilliant metallic lustre; but there is a wide 
difFereiicc in density — sp.gr. 7’l-7.‘4 (fur niis- 
pickel GT). An exfensivc deposit of arsenical 
iron, con.sisting mainly of Iblliiigite, occurs in 
.serpentine at Reieheiistein in Silesia, and has 
been woiked since 1091). The annual ])roduction 
amounts to 15,000 tons, from which white 
arsenic, arsenic sulphide, and arsenic are pro- 
duced, as well as 5)) 00 kg. of gold. Deposits in 
mineral veins aie also worked for arsenic at 
Hreitenhrunn in Saxmiy, Scliladming in Styria, 
J.,olJing in Camilliia, and in the Aniin iers valley 
in .Swit/.eilaiid. L. .1. S. 

LOMATIOL. Thi.s colouring matter, which 
i.s elo.''cly 1 elated to l.ipaehol. has been obtained 
from the .seeds of tjie Loinaha ilici folia and 
Lomalin loiapfolia, which occur in Australia 
(K.S \V. and Victoria). 

I 'J’he coloiiting matter i.s obtained hy extraet- 
I ing^the seeds with boiling watei acidified with 
, acetic acid, and allowing flic tiltcri'd extract to 
cool, when tlie product erystalli.si's out. Jt is 
rcery.stallised from the same solvent. 

Loniatiol yellow needles, m p. 

I27T‘., IS ea.sily soliihle in alcohol or (dher, in 
i alkalis and alkali carbonates, 
i Wiien heated with acetic nnhydiide and a 
trace of '/me chloride, it yields a di-arctyb 
i dniratirc ('j5lli2D4(('2ll.!D)2’ yellow lurdlcs, 

■ 111 ]) .S2''. 

The salts of lomatiol vary 11 1 colour fionioi ange 
! to brown , tliusthe sihersall, ( 'j5Hjj,(.)4Ag,H.2() 

; is’hiown, tlu'cahiiim salt ((’jj; 11,^0 1)2( 'a is dark 
i red, whilst the hanuiii .salt (( '35111304)21^1, H^O 
i IS 01 ange. 

i Rennie, who iirst exanoueil this eompound 
I (tliem. 8oe. Trans. 1895, 07, 784), was ot the 
I opinion that lomatiol was hydroxy-lapaehol, hut 
: ilookiT (Chem. Soe. Tunis. 1890, (>9, 1281), who 
i continued Rennie’s mve.stigations, w'a**? able to 
i show' that it w'as hyduny-i\o la pai hul, and 
j a.ssigii/"d to it the formula— 


i When lomatiol ls dissolved in concentrated 
suljili' me aeid, and left for some tine, it ])asse8 
into hydtauf-fidapac/iol (3), red needles, ni.p. 
204'('., identical with that obtained from 
dihydroxy-hydro-lajiaeho] by the action of the 
; same reagent, w hereas, if the reaction is stopped 
j at an earlier stage, by pouring tlie solution of 
lomatiol in concentrated sulphuric acid into 
! water almost us soon as solution is completed, 
{ an intermediate *j)roduet, dehydrolapacJtone ^ is 
obtained to which Hooker gives the strueture (2). 
The formation of these is shown thus : — 


y.rj— ^ 
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( 2 ) 


(3) 
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By cari'ful oxulalion of loiiuitiol, Ifennio i 
obtained acetic ac id and })}itlialic acid. | 

A. C3. V. 1 

LONCHOCARPUS(/.o H(hoc(u pas njdiK tia ih^). j 
The Lonrhocd) pus optidsnus (Bi'iith.), a j 

nous plant of the sub older l^dpliomin d\ is a j 
woody climber fiom 10 to 14 fei>t loriff. 'fhe 
young leaves contain an indigo-yielding principle, j 
and on tins account the ]»laiit is employed by ■ 
the tribes of Sierra Leone and the interior and 
thosi' of Western Soudan as the source of a lilue 
dye. In the iornier countries tlu' young lea\es | 
are collecti'd along with some more matiinal , 
ones, roiighh pounded and dried in the sun. In ' 
this state it is sent into the maiket as ‘dara,’ | 
and sold to the dyers 'The natives of Western ' 
Soudan employ the young and tender buds, ! 
which ail' collected, [loumh'd when quili* raw, | 
made into balls, aiul dried in th(' sun, Bor i 
dyeing purposes the ‘ dara ’ is covered witti I 
watei‘, treated with potash and the bark of the ! 
Mtuludd cilnfdlid (Linn ), and left, to fernumt, for . 
some days. The cloth to be dyed is thrown into i 
the vat, left, there for somi' time, and dried in ! 
the sun. An examination of ‘ dara ’ by IVrkiii j 
indicated tin* presence of approximately 0‘()2 ]i.c. , 
of indigm4in (J. ^Soc (’hem. Ind. Itt07, HHtt). ' 
Apparently also this jilant is utilisiai in Northern ! 
Nigetia as a dyestufT in the form of a synilar ! 
])reparaliun to that described above*, and for the | 
manufacture of a crude indigo A samjile of ' 
this leaf product contained approximately Odiri 
p.e, of indigotin, whereas in the indigo the i 
present c ot 21'47 pi of indigotin and 1*3,4 p.e. i 
of indirubin was detected (Pei km, ,L Soe. (’hem. 
Ind. ItMlb, 3,73). 'Phe boti^^iical examination of 
the former, and also of jilant debris contained in j 
the latter, by V. ft. Blackman, indicated that I 
they were derived from the L. njanescei]^, or ' 
Rome I'loRely related torin. Kawson and Kneeht 
(J. Soe. Dyers. 1S88, (id) have described similar i 
leaf and crude indigo products, which had j 
been sent to this country by Sir d’. (loldie, | 
(jlovernor of the Royal Niger (U)., and these I 
respectively contained O'ol ji.e. of indigotin, 1 
and 3b ] 2 p.e. of indigotin* together with 4*76 
p.e. of indirubin, A more re^’ent examination 
of the leaf fragments in Rawsoii and Jfneeht's 
.samples has show'ii that the.se jio.sse.s.sed the 
same structure as tlio.si* of the L ryd/Kssmis 
(Perkin, Lc.). and it thus aji}>ears evident 
that in Western Africa thiR jilant is extensively 
employed for dyeing and the jirejiaration of 
indigo. There is rea.son to jiresume -that the 
indigo-yielding jirincijile present in the young 
leaves of the L. cydm‘fic.en.s gradually disappears 
when these reach maturity, as samples of the 
latter examined in this country were devoid of 
VoL. TV.— T. 


indigo-producing property. The L. cya 7 irmns 
is probably identical witli the ’ 'Paroom akkar ’ 
de.scribed by Bancroft (Philo.sophy of Permanent 
(Vilours, 1813, i. 18b and Jbl), A. (J. P. 
LONDON WHITE. Fldh irinh (r Pm- 

MENTS). 

LONGIFOLENE. A Irieyelie sesijuiterjiene 
found by Simonsen in Indian turpentine ob- 
tained from the oleo-resin of J*inus' loiujifolia 
(Roxb.). A colon rles,s, somewhat viscous oil witli 
a faint odour; b.p. 2.74"' 25()77()() mm. ; L7iB- 
1.7173t;iiim ; 1):J[J; 0*b284; l*4b.7; M -(i4*15 

\ 42*73A Does not yield a solid iiitroso 
clilorirle, nitro.snte, or nitrosilc. Ki^ ij^s a hydro- 
chloride as a erystallme .‘jolid, m.ji. .7b ' tiO", 

! 7 1 (chloroform). 'Phe hydrohronnde has 
m j). t5b^-70L and the hydriodide m.ji. 7D 
(Simoii.scn, ( ’hem Soe. 'Praiis. Ib20, ,778). • 

LOPHOPHORINE c. Muzi vLtNjo. 

LORANDITE. Suljiliarseiiitc of thallium 
'PLS’AsjS.,. cry.stallised m the monoclinio 
.system, and one of the h'w minoralM containing 
thallium (d'l .7b*4 ji.c.) as an (‘s.seiitial eoiiHtitiii'iit. 
'Phe cry.stals are rich in faces, transjiarcnt, and 
of a decji cochinoal-red colour with a metullic- 
ailamantmc lustre ; streak, dark chcrry-reil, 
'Phey are soft (N. 2 21) and can be bent like 
gVjisuni. S|) gr. .7*.73 ; solubli' in nitric acid 
with seji.iration of suljihiir. The mineral occurs 
with realgar at Allcliar in Macedonia (southern 
Si'rbia), and has been detected with realgar and 
orjiiment m the Rambler mine near Eneanip- 
meiit ill Wyoming. L. J. S. 

LORANSKITE. A rare-earth mineral eon- 
taimng TaJij 47, ZrOj, 20, \ 10. (V'.Oa 3, 

(’aO 3*3, loss on ignition 8*]. 7 ji.c. It is black 
with a bright jutcliy lustri* and a greenish-groy 
streak. Sji.gr. 4*t). II. 5 ; ojitieally isotrojiic. It 
is found as eoinjiait masses with other rare- 
earth minerals in jicgmatite at liiijiilax in 
Finland. L. J. N. 

LORETIN. 'Prade name for //i-iodohydroxy- 
ijuuiolir#! siiljihoiiie acid ((’pNll^^OHlNSOj) 
used as a germicide in surgical dressings (e. 
►Synthetic urttos and Iodoform). 

LOSOPHAN r. Syntueth’ drugs and Iodo- 
form. 

LOTUS ARABICUS. 'Plie Lotus arabiriis 
(Linn.) is a leguminous jilant, indigenous to 
Egypt and Nortlimn Africa* and in the young 
condition in extremely poisonous. The suhjeo^ 
' has been inv»‘.stigatej by Dunstan and Henrv 
(Phil. Trans. IbOl, Ib4, .71,7) 

! Loimin., the active principle, can be isolatefl 
I by extracting the dried jdant wth methyl 
alcohol. 'Phe extract is evaporated, the residue 
treated with water to remove chlorophyll and 
■ re.Nin, and from the aqueous solution tannin and 
other impurities arc jirecipituted by means of 
i lead acetate. 'J'he filtrate, on evaporation, 

I loave.s a syrupy resiSue, from which iirystals of 
1 lotusin slowly .separate. In the pure coiiditiun 
' lotusin (’■jgHsiOiaN forms yellow needles, and 
when hydrolysed by digestion with hydro- 
chloric acid, iHT by mf!«.ii8 of an enzyme lolase, 
alsli found in the plant, yields dextrose, loto- 
Haviii, and hydrocyanic acid, according to the 
following equation : 

I 2H,() 
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When warmed with alcoholic potash (20 p.c.) 
lotnsin is jp^adually decomposed with production 
of ammonia and loinsitiic acid : 
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C2.H,.n„N+2ll,0 

Lotualnic acid. 

This compound is monobasic, p:ivcs yellow 
crystalline salts, and is hydrolysed by dihito 
hydrochloric acid with formation of lotoflarm^ 
dextrose and hejitogluconir acid : 

2H2f) 

Lotqflavvn crystallises in yellow 

needles, soluble in alkaline solutions wuth a 
yellow caiotir liy fn.sion with alkali, pfdoro- 
ghic.inol and fi-icfiorcyhc arid are produced. 

With acetic anhydride lotoflavm ^nves a 
tetraacetyl compound (\5n„O0((;2H3())4, colour- 
less^ needles, m.p. ]7(k'-l78 ‘, and when methy- 
lated by means of methyl iodide the .nmrihyj 
rlhcr is obtained. 'Phis latter 

compound exists in <wo forms, viz. the a-forrn 
yellow rosettes, m.]). 12.7“, and the yS-form 
glisteninf^ needles, m p. 1 75“, which are mutually 
convertible. Both varieties by m<‘ans of 
acetic anhydride the same monoacHyl lohjiavin 
trimcihyJ ether (^5Hfl()n((^2H3())(OCH3)3, yellow 
needles, m.p. 147“. 

According to Dunstan and Henry, lotoflavin 
is probably a tetraliydro.i'ijJlafHm< , and jiossesses 
the formula : 

OH,/' / V-/~\oH 


Yh^- 


A'M "H 


The hydrolysis of the cyanogcnctic glucoside 
lotnsin. with formation of maltose, lotoflavin and 
hydrocyanic acid, may also be ex])res.sed as 
follows : 

J) 

(Y«io^r + HCN 
The following con.stitutions are respectively 
assigned to lotnsin (1 ) and lotusinic acid (2) : 

CnHsiO.o-CH-O-'"'// ” \c-<^^OH 

I- CN ,CH 

CiiHoiOio'CH(00()H)0./'\/'^ V-/ \oH 


IT. 




/JH 


OH 


A. 0. P. 

LOTUSIN V . Oluoosides ; Lott s Arabicus. 

LOXOPTERYQINE v . Quebracho alkaloids, 

LUARGOL. A compound of .salvarsan 
with silver bromide and antimony sulphate 
(Oi2Hj20jNjjAs3)2, AgBr, SbO(H2iSO^).2. Used 
as a spirillocide Introduced in France by 
Danysz in lOl.l. 

LUBAN MATI or MEYETi r. Oleo-resins. 

LUBRICANTS. Tlie purpose of lubricants 
18 to reduce friction between surfaces which 
move one upon another. 

As the value of a lubricant depends almost 


entirely upon the conditions of speed and 
pressure under which it is used, and the nature 
of the surfaces with which it is in contact, it is 
necessary to outline the theory of lubrication 
I before descrilnng the preparation and properties 
1 of lubricating oils and greases. 

I Static friction. If two clean surfaces of the 
; same metal, say lead, are pressed together they 
, will adhere firmly. In cases where metals 
I work together without lubrication this ‘ seizing' 
is only jirevented by the existence of a ‘ contami- 
nation film ' on the surface of the metal. Thus 
; the so-called ‘ solid friction ’ observed in such 
cases is really the friction of surfaces lubricated 
: by an extremely thin lilin (r.g. of air). 

Thurston, experimenting with sperm and 
lard oils, found that the friction rapidly increased 
with pressure uji to 'about 70 lbs., and then 
I increased less rapidly or remained constant. 

With plastic substances, e.y. axle grease, 
nnocr ordinary loads the frictional coetlicient 
is least wIk'u at rest and gradually increases 
with increasing speed owing to the resistance of 
the grease to shear. 

With liquids the reduction of static friction 
' depends on the thickness of the lilm winch 
remains on the bearing surfaces under the loads 
commonly used. Ditierent liquids vary much 
in this respect., and the etTect seems to depend 
less on the, viscosity of the oil than on its 
‘ oiliness ’ (r. infra). 

{(f. W. lb Kardy and J. K. Hardy, Phil. 
Mag. 1919, .‘{8, .‘12 ; P.ayleigli, idem 1918.) 

Low-speed friction, hrthi.s case the film of 
oil IS so thin that the irregularities of the sur- 
faces engng(‘ one anoilit'r, causing abrasion. 
Ibis does not matter if tlie surfaces are of 
proper materials, but in some cases it may lead 
to seizing ol eoiisiderable areas and so 'much 
distortion of the surface that at higher speeds 
the formation of tlie ‘ pressuto liim may lie 
prevented and .serious over-heating of the bearing 
may vesult. 

I’he friction of lubricated bearings at low 
speeds is really solid friction, ?.r. it is (!) inde- 
])endeftt of velocity and area of bearing surface, 
(2) proportional to pressure, and (3) dependent 
on the nature of the surfaces, wfiirh should be 
made of dissimilar metals. 

Where a eomplet oil film cannot foim, the 
oiline.sH of the lubricant is very imjiortant, but 
as the speed increases th(‘ oil film thickens and 
the (notion depends more on the viscosity of 
the oil and le.ss on its oiliness. 

Friction, especially at moderate speeds, 
depends very much on the manner in which the 
j lubricant is apjilied to the bearing. The best 
results are obtained with bath lubrication, and 
tlie friction increases as the free supply of oil 
to the journal decre/lses. 

The coefficient of friction at very low speeds 
—O-OOOo-O-Oi feet per minute— is often greater 
than the static coefficient, but the change from 
one to the other is continuous. From about 
6-0 feet per minute the coefficient of friction ' 
steadily decreases with increase of speed. 

High-speed lubrication. At a speed depend- 
ing on the nature of the lubricant and on the 
load the surfaces begin to separate, and a com- 
parativel3r thick ‘ pressure film ’ forms between 
them, being carried into the bearing on the 
surface of the moving part. 
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The maintenance of a pressure film between Sperm oil and Arctic sperm oil are liquid 
two plane and parallel surfaces depends upon waxes, and are excellent lubricants because of 
the and the viftcofttiy of the oil, but in their oiliness, and because their viscosity is less 

the case of j)Iane purfaces inclined to one affected by temperature tJian is that of other oils, 
another— and thm is the case met with in 'Fhe fixed oils are seldom used alone as 
practice — the liquid weilgcs itself between them lubricants except for textile machinerv, in wliich 
and forces them apart. there is a risk of the oil being splashed on the 

To this action is due the great carrying fabric. Mineral oils are very liable to make 
power of cylindrical bearings, which in use always stains which cannot he washed out subsequently 
wear so that the radius of curvature of the without injury to the material. 
bra.ss is greater than that of the journal. The ib) Mineral oils are derived from crude 
two surfaces are thus inclined to each other, petroleum, shale and lignite, and consist of 
and the journal, as it rotates, carries the lubri- .saturated, unsaturated, and elosed-oliain hydro- 
eant into the apace ))et\^'(‘en tlie journal and the | carbons of h.p. over 300'^. Those of sji.gr. up to 
brass, where it IS wedged under a pressure which I O-hOO arc usually di.sl illation pratd^cts, while 
increases to a maxiinuni at the point where the i tlutso of sp.gr. higher than are either 

two approach most riearlv. | 'reduced (»ils ’ or oils that Iiave been distilled 

In the design of hearings great eare has to ; with steam zn vaciiS. Heavy oils that have been 

be taken that oil-ways ari' not cut in this neigh- distilled under ntniosphenc pressure are unsuit- 
bourhood of tnaximniii jiressuri', or tlic pressure able ^(u^,.^se as lubricants hi'caiisi' of tlie preS^nco 
of oil which should ( airy the load is relensetfand ; in tliem of jiroducts ot ‘crncKitig' (r. J^etroleum 
serious friction results. i and Nhalk oiid- 

'I'he theory of the riressure film has been (c) Blended oils. .Alnu'ral oils are miscible 
worked out ni great detail, malhoinaticall\ , by with all fatty oils excejit castor oil, and mixtures 
Osborne Reynolds, hut only his geiicrnl results ' containing 2b-.'Ut p.c of good fixed oil, r.y. 
can he given liere. At sjH'cds siiflieiently high sperm oil, arc the best hibruaiits available for 
to ensure the formation of the pres-sure film the ordinary loads ami speeds. Blown oils (partially 
following laws apjicar to be very neaily true oxidised oils) arc soluble in imncrRl oils, and are 

(1) The friction is independent of the load ; sometimes used to give body to the lighter 

(2) 'I’he in' turn varies (iircctly as the area of grades, but such lilended oils liave a great 

the contact surfaces ; directly as the sjieed ; and tendency to gum, and. though clicap, are not to 
as the viscosity of the lubricant. , be recommended. 

These arc th(> Jaws of ‘fluid friction.' I Id) Greases and solid lubricants. The chief 

Above R])e('(ls of 100 feet per minute Iftw ; solid lubricants are graphite, soajistone (talc, 
speed effects are not obserMsi and the friction . steatite, French <‘haJl<), iniiin, and asbestos. 
IS nearly proportional to the square roof, of the j 'I'hese are seldom used alone, but arc usually 
speed, 'riiis is jirobably due fo lessened ' incorporated in a grease, the advantage being 
viscosity of the lubricant brought about by i that under ordinary conditions the frictional 
rise of temperatuic. From tOO to 790 feet jior rescstance is merely that due to the tesistanco 
minute the fiictimi m proportional to the fifth to shear of the grease, while under excessive 
root of tlfe spced«and above 1070 feet per minute jiressure, though the grease may melt and run 
it is practically inrlejiemlent of the sju'cd. off the bearing, the solid lubricant remains and 

Witli alternating pressures, especially^ when j jirevents damage. Filling materials, such as 
the alternations are rapid, e.g in the big ends of | baryte^j^ and chalk, are sornetmes added to 
connecting rods, a given bearing will sustain ; greases, but tliey are not lubricants, and their 
much greater loads vithout sei7jng fhan it ' addition is detrimental. 

would if ihe piessiire were continually in the : Anti-fnetion metals (e. Antimony) may bo 

feamc direction, because the oil is traiiped j regarded as solid lubricants, but their chief 
between the surfaces at each re\orsal of the , ]»iir pose is to afford a material into which the 
stress.* • I .shaft can bed itself quickly 

Friction In.balJ^aml roller bearings is jiracti- j (Ireases may be natural fats, r.y. tallow, but 

cally independent of the presence of any lubri- ; are more eommoiily prcfffired by adding to 

cant, the chief function of tlie oil used boyig to i mineral or fixed oils alkali metal soaps or, moio 

prevent rusting of the polished surfaces. 1 often, aluminium, lime or lead soaps of fatty 

A mineral oil of moderate specific gravity is ^ acids or resin acids. Such greases frequently 
therefore a suitable lubricant for such bearings, j contain a con'^iderablc t|uaiitity of water, but 

! if this is thoroughly incor])orated ffi the grease 


Common Luhricants. 


j it has no had effect uiion its jiroperties as a 
I lubricant. 


Lubricant.s are diVisiblcf into four clauses : 

(а) Fats and liquid waxes* 

(б) Mineral oils ; 

(c) Blended oils ; 

(d) Greases and solid lubricants. 

(rt) Fats and liquid waxes. 'J’hese are com- 
prised under the name of fixed oils [v. ()nj3, 
Fixed, and fats). 'J'he fixed oils princijially 
used as lubricants are : tallow oil, lard oil, neat’s 
foot oil, olive oil, rape oil, and castor oil. For 
delicate machinery, sueli as clocks aiul watches, 
hazel-nut oil, ben oil, porpoise oil, and dolphin 
oil (blaokfish oil) are used. 


Boiled greases are propi^red by dissolving 
Jirne soap in mineral oil ; they are I’cry good for 
medium and hoavyynaehinery. 

‘ Set * or axle greases are made by adding to 
a mixture of miiieraJ oil (JOO gallons) and good 
slaked lime (.WO lbs.), called the lime part, a 
certain proportion of resin oil (2-25 p.c.), 
called the «7. 'I’hc ^ixtur? is run at once 
info the packages in which it is to be sold, and 
in a short time sets to a solid or semi-solid mass, 
according to the proportion of resin oil added 
{v. also Archbutt, 8oo. Chem. Ind. 1901, 1193). 

Cup greases are prepared by saponifying fat, 
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usually horse-fat, with freshly slaked lime in a 
large kettle heated by a steam jacket and pro- 
vided with a mechanical stirrer. The usual 
proportions ftre 2(^00 lbs. fat, 200 lbs. lime, and 
140 gallons of water. When saponification i.s 
complete and the cxce.ss of water has evaporated, 
a light-coloured minernl oil, syi.gr. 0-885-()'910 
(about 100 gallons), is sprayed on the contents 
of the kettle until tlic right eonsi.stency is 
attained. The oil must nrcMoiisly lie heated 
to lOO'^F. 

Engine greases arc made by incorporating 
cold mineral oil with hot soluble soda or jiotash 
soap. It is important that the soap sbould be 
neutral (Rpdwood) 

Thickened mineral oils are often made ]>} 
incorjioratmg aluminium oleate with a light oil. 
The Hoaj) is made as follows : 112 Jb,^. oleie acid 
is mixed with 20 gallons liol. water and a 
solution of lOj lbs. 77 p.e. eauslie so'/a in 10 
gallons water, and boiled until the ftirniation dI 
Bodium oleate is eomjilete 70 lbs. alum, di.s- 
flolved in 20 gallons water, are then added to the 
solution, when aluminium oleate .sejiarates in 
grOUsy ina«.ses. It is freed from moisture b}' 
pressure (Hurst) 

Railway waggon grease is usually composed 
of tallow, palm oil, soap, and water ; and is pre- 
pared by heating the tallow and jialm oil to 
JSO^F,, and naming in a .solution of .sodium 
carbonate at 200'T\ The wlude i.s stirred well and 
run into tubs ta set. It is n.sual to vary the 
composition of tlie grease according to tlie season 


of the year ; the following aro tyjiieal foriiiulaj 


Summer 

Mefliiiin 

Winter 

Tallow 

22 

20 

18 

Palm oil 

! 12 

12 

12 

Sperm oil . 

1 

15 

‘I 

8ody crystals 

rj 

5 

5 

Water 

. (iO 

01-5 

03 


loo 

100 

100 


The grease in u.se on the IMidland Rahway is 
prepared by dissolving (> cwt of jialm oil in 
12 cwt. of water and adding to the solution 
6 cwt. of tallow and 2 ewd. of dark mineral oil. 

Another Kngli.sb railway grease : — 

Suinnier Winter 

'hallow . . 504 jiurt.s 420 parts 

Palm oil . 280 „ 280 „ 

\ Sperm oil . 22 ,, lb") „ 

Caustic soda . 120 ,. 12(i ., 

Water . . 1370 „ 1521 „ 

Other preparations are made of fallow witJi 
colza oil, soda, and water in various pro]*or- 
tions ; and, for line machines, of tallow with 
castor oil, &e., tic. 

Palm-oil lubricants. Although jialm oil may 
bo used alone, its melting-point is too low for 
most purposes ; to correct tins, tallow and other 
fats are added to the amount of one-third or 
one-half of the total weight of the lubricant. A 
small quantity of soda should form a part of 
these lubritiants, as by its* u.se the free fatty acids 
which are contained in jjalm-oil are saponifled ■ 
and their action on the metals with which they 
come ill contact is destroyed. {Soda also is tlie 
medium by which water is introduced into the , 
mixture. 


Lead-soap lubricants. Lead salts yield on 
saponification with fats solid combinations 
called lead-soaps ; they are hard at low tempera- 
tures, viscous at ordinary temperatures, but 
siifiiciently fluid mi boating by friction The 
melting-point t»f liibrieaiits jirepared fr^om tbe.se 
j substances is liigb, and they are therefore less 
' suited for high sjiecds. So-i’iilleil ‘ anti-friction 
I lubricants ’ are compo.sed of lead-soaji.s A ba.sio 
lead acetate (sugar of lead) i.s combined with 
the requisite quantity of tat m the lollowing 
manner. 'I’lie lead sidiitimi is thus prejiared : 
Sugar of lead 10 jiarts, litharge 10 parts, and 
soft water 1 10 (larts, are boded witli frequent 
stirring for an boiii and a half or two hours. 
Till* mass is then allowi^d to rest, and the clear 
, thud drawn off and restored to 100 parts by the 
addition of water. ll is then lieated to fiom 
' 145‘F. to J(!5"F. and iniinediateJy mixed with 
I ordinary fat (colza oil, laid, and sometimes 
nea'vis-foot oil), as, r (f , solution of sugar of lead 
100 parts, (oi/a oil 80 ]>afls, lard 80 parts 'Fbe 
prejiaration sbould .show a uniform grey colour, 
and, after melting, congeal at from lOO'h’. to 
122‘^F. (Rraniit), 

Soap lubricants. Ordmaiy soit soap, or tat 
combined witli jiotasb, is si'rvieeable lor .some 
purjio.sos, but is liable to have a part of the 
jiotash lye not fixed, by which damage is done 
to metals, 

Tb(‘ iolJowing aie horn Braimt (Practical 
'I’reatise on Animal and \’eg{‘fal)le Fats and 
Oils) 

‘ Caoutchouc lubricants for belts, (houlchouc 

20 jmrts, Im.sei'd ml 1000 parts. Melt the 
eaoiiteiioue together with the same quantity of 
Im.seed oil, and as soon as the mixtuie com- 
meiiees to <>volve vajiours, stir in 20 jiarts of 
linseed oil and afteruaid.s add I hi' remainder of 
(b<’ ml by instalments of KHI jiarts. 

Asphaltum waggon greasCj, Asjila bum 32 
jiarts, black pitch 8 paits, jiibroleum 8 parts, 
litharge 8 jiarts, wutei 80 jiarts. 

Naphthalene grease, i^aphtbalene 100 jiarts, 
colza oil 50-100 jiarts. Ciiide naplithalene is 
ii.sed. 

Resin lubricant, (’mnmon resm 100 parts, 
resin oil 50 jiarts, laid .300 jiarts. 

Graphite waggon grease. 3'all(iw 30 parts, 
lard 0 Jiarts, jialm mIjO jiaits, grapliito 2 jiarts. 

Graphite lubricants for quicit-moving axles. 

Tallow 100 jiurts, grajihite Kh> jiarts ; esjiecially 
adajited for shafts revolving with great velocity 
without great load, as eireular saw.s, venti- 
lators, 

For this purjiose natural graphite which 
frequently contains a large proportion of mineral 
matter is not so well suited as that produced by 
the Acheson jiroeess l>y heating anthracite at 
about 400(F(b Tliis is reduced by machinery 
to a jiowder of siicti fineness that when suspended 
in liqui&s it exhibits tlie Brownian movement 
and cannot be sejiaratod by filtration, and when 
mixed with oil forms an emulsion, and does not 
subside on standing, ft comes into commerce 
made into a paste with water (aquadag) ; fat 
(gredag); and oil (oildag). The first serves for 
the prejiaration of aqueous emulsions for cooling 
and lubricating boring and turning machinery, 
the second is used for cog-wheels and stufiing- 
boxe.s, and the third, when well mixed, to the 
extent of J p.c., with acid-free machine or 
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cylinder oil, can bo used for tlic running parts of 
machinery. 

Lubricant for cutting tools. This is usually 
a .solution of soft soap a [id soda in water. 

I’hysioai. Properties and Testing oe 
Lubricants. 

A. Viscosity. For HK'thods of determining 
viscosity, sf'( ]‘etR()EEUM. The methods then' 
given are e pially applicable to all lubricating oils. 

The d‘^te) minahon of t/u eoiisisii net/ oj 
and gr<ai>s is of iiu})ortanc(‘, but the methods 
available are entirely ciiipincul. 

in Ki-^slnu/.s a pointed rod of 

glass or metal, weighted at the to]), slides 
verticall}' through a hole in a fixed plate. Tin' 
point ol the rod pri'sses on the siirtai'e of the 
grease contained in a small beaker, and the time, 
taken for it to jifiietiate a ih'finile distance 
into the fat IS a mea^'UTc of the stilfness of the 
latter. 

II piMinil consists of a metal 
cylinder ha\iiig an orilici' at the lower end 
tiiiough which th( gii'ase is scpiee/Anl by a 
weightcl piston. The ^\ho!c apparatus is sui- 
roimdi'd b\ .1 water-jacket so that tb(' tem])(na- 
ture ot the test Can be legiilated. 

In any delci imnation oi the consistency of 
fats, gre.il attention must be paid (o tlw^ pri'- 
bminary tiealnu'nt tlnn imnnve, as tlu'y aie 
extremely sensitue to mechanical disturbance 
and to change ol tcmjierature. Alter t,l)e 
grease has Ikxmi placed in jiosition it is ri<‘ces.sary 
to Itnive it lor 24 hoiiis bcloie proe(*eding with 
the li'st 

lb Specific gravity. Tins propmty is used 
as an indication of tlu' nature and juirity of 
oils, niR-l it forms the basis of tin* classilicat ion 
of the ipincral oils. There liowevm-, no 
iK'Oes^arv conneeflon between sji.gr and lubricat- 
ing [i.iwTi ; I <j. it is well known that mineial oils 
cornmonlv have li'ss lubinating power t half fatty 
oils of the same sp gr, (su als(» J’ktroleum and 
SHALE oil). 

ITie SJ 1 gr of oils may be determined by t he 
.sp gr botth', b\ lh(' Spicngel tiilx', or by the 
VVcslplial balance, but witli viscous oils thesi' 
methods are liable to be tedious, and hydro- 
meters are eominoiily useePfor the jmrpose. 

It IS frequcnii'.y necessary to know the 
density of an oil at a temperature at which it 
cannot convenimitly be determined e>»peri- 
mcntally ; il can then be calculated with 
sufficient acoinaey (1 in 4000) from the following 
formula, if the density of the oil at OO'^F. is 
known : \y~iJ -kt, where rf-=:tbe density of the 
oil at ()0°F. , 

[0*000308 fur a lixc^l oil, 

yr,_|0'000307 fur a Scoteli mineral oil, 
|0*00034r) fur a liiissinfli miiieralgoil, 
t0*(MX)3r>0 for an American mineral oil, 
f-^tlio number of degrees above OO'^F., and 
l)==tho required density. 

C. Flash-point. This is the tempiTature at 
which the oil give.s oil sufficient vapour to form ; 
an explosive mixture with air m the standard 
apparatus employed (for details see Petroleum). 
It is usually stated that only oils of ffash-pomt 
over .hK)°-4(X)'’F. should be used as lubricants, 
but the loss on evaporation is at least as good a 
test. 


I D. Volatility. It is obviously desirable that 
lubricating oils should not evaporate to any 
! considerate extent at the temperatures at 
which they are used. The fatty oils are satis- 
factory in this respect, but mineral oils fre- 
quently contain as much as 15 p.c. of hydro- 
carbons volatile at 100°C. 

Arehbult’s apparatus for the determination 
of this loss consists of a copjier tube placed 
horizontally across an air-bath by which it can 
he kept at any desired teniperaturiN ^Tlie oil 
to be tested, usually 0*5 gram, is placed in a 
platinum tray w'lthin this tube and subjected to a 
current of air, jircviously heated to the tempera- 
I ture of the bath, jiassing at the ri,t%of 2 litres 
per minute, for exactly 1 hour. 

Ill some cases the oil is tested in a current of 
I steam, but the jiioei'duro is quite similar to 
I that when ai: is iisi'd. _ 

J As a)'i exampli' ol its use, an oil intended for 
; evbnders working at 1 50 lbs, iiressure is tested 
at 370°F. w'bcn it should not lose more thin 
0 5 I P p.c, of its w'cight . With machine oils 
and sjuiulle oils, even at much lower tempera- 
tures, the permissible loss is much greater. 

F. Setting-point (the cold test). With most 
oils tins IS lakcii as the temperature at wLich 
[ lliey cease to llow', but in the case of Scotch sliale 
oils the setting-point is the temperature at which 
solid paraffin is first di po, sited. 

The oil, eontamed m a corked tube, is cooled 
in water, or in ice and salt, until it ceases to flow 
on reversing the tube. It is necessary to main- 
tain the temperature constant for about 20 
I minutes befoK' observing the condition of the 
oil (c. lSalkow^sky, 3. tSoe. ('hem. Ind. 1888, 37 ; 
ami Jiolde, i/nd. 181)0, 112; ISffli, 138, IffO), 
and in Jlofmeister's method this is attained by 
using solutions of various salts, of such concen- 
trations that they are saturated at their fr^'zing- 
poiiits. 3'lie M‘sult is that freezing takes place 
with formation of a eutectic mixture, and the 
tmuperaturc remains constant till the whole i.s 
sohdifieil. 

iSchiiltze's metliod, used in Germany, depends 
on finding the hMupiTatiire at which the oil 
flow's through a tube of (i mm. diameter at a 
rate of 10 mm. fier minute under a pressure 
0 ({ual to 50 luin. of water. 

P. Melting-point of fats and greases. This 
IS freqiK'iitly of importance,^ as a grease loses its 
powm- of reducing friction under great pressure 
.should it Ix'come liquefied As in the case (ft 
determination of consistency, attention must be 
paul to the preliminary treatment of the grease, 
and it should, in most eases, be left.undisiurbcd 
for 24 hours before the test is made. 

Many methods are used, most of whieli 
depend on observing tiu' temperature at which 
the grease b<‘gms to flow uinfcr its own weight 
(c. Benseinann, J. fSoc, ('hem. Ind. 1885, 535; 
(Jook, ('hem. fSoe. IV>c. 1897, 74). 

(Jr. The colour of oils js of some importance, 
and Redwood u.ses Lovihond’s tintometer (v. art. 
Colorimeters) for making a numerical record of 
this characteristic. M^st mineral oils exhibit a 
lli^resceiv'c, usually of a blue or green colour, 
but this IS not of much importance as a test 
j (c. Fetkolei’M). 

i H. Olliness. Tlie most important property 
I of oils and greases which are to bo used under 
1 conditions of low speed and high pressure 
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(under 160 feet per minute and over 70 lbs. per 
square inch), is tnat called ‘ oilincsn ’ {unciuosityt 
Ivhricity). It depends on (1) interfacial action, 
which causes oils to spread themselves over 
raotallio surfaces, and (2) on the power of the 
film to resist disruption. 

It seems to be connected witli the presence of 
unsaturated compounds which constitute 20- 
40 p.c. of most lubricating oils. It would appear 
that the unsaturated nujlecule.s of the lubricant 
enter irfto a firm physico-cheiuical muon with 
the metallic surfaces, forming a friction surface 
which is a com])omid of oil and melal. Those 
oils which have ilu' smallest eoenicicnt of friction 
are found fo«bc the best lubncanls in jiractico 
(Dccicy, Proe. Pliys. iSo( 2S, II, I'lltl). 

Oihness may be defined as the jiowm- of a 
lubricant to maintain an unbroken tiim under a 
hoa^y load ; it cannot he measured in any exact 
way, and informal ion as to t he extent T:'o x\hic}i 
any given oil possess (his juojierty may best be 
obtained by jiropcrly eondiietcd tests on 
mechanisms rescMubhug those on winch it will 
bo used. Uilincss would seem to dejiend iijion 
the elTcct of the Jubi-icaiit iijiou tlu‘ surfaces with 
which it IS 111 coiitaef raflier than on any par- 
ticular pliysjcal jirojicrty (d the lubricant 
This jiroperty is not' necessarily conm'c'tcd with 
viscosity, being possessed lii much greater 
degree by fixed oils than by mttUMal oils of the 
same viseosily. Moreovei, dilhurnt inmeial 
lubricating oils of the same vise(»Hi(y giva* very 
different frictionul results. 'I’lns i.s the reason 
that mineral oils must b(‘ blended with fatty oiks 
to get the best lubneants for ordinary machijK'ry. 
The amount of the admixed fatty 'oil need not 
be large. fStanton and flyde found that a small 
proportion of rapt' oil had almost as murkeiJ 
effect upon tlie friction as a much largei jier- 
centa^e. 

Oil-testing machines un' nuuh* of many 
different designs, and may be used to investi- 
gate : 

(1) Comparative oiliness or greasriess of 
lubricants ; 

(2) Frictional effects due to visco.sity ; 

(3) Effects of teni])erature on friction ; 

(4) Effects of different loads ; 

(5) Effects clue to varying sjiecds ; 

(ti) Effects produced by different metals 
working in contact ; 

(7) Effects resulting from different methods 
bf applying the lubricant. 

Most of those effects, ex'cept (1 ), are amenable 
to calculation, or can be more easily detenmned 
in some oth/^r way : Nos. ((>) and (7) ure rather 
concerned with the design of bearings than with 
lubricants. 

In most machines an experimental journal 
runs in brasses loi^ded in a manner which can 
be regulated by the operator, c.g. by a sjiring. 
The detailed description of gjch machines hardly 
falls within the scope of tliis article, and it is 
sufficient to say that Thurston’s oil-tcstiiig 
machine is largely used (for a detailed descrip- 
tion, 8CC Archbutt and ^feeley. Lubricants and 
Lubrication, 332 ; Hurst, Lubricating CXls, 
Pats, and Greases, 254 <7 tuq.). Machines of 
similar type are tho.se of ]i. U, Smith, A. 
Iftlrtins, Ingham and Stapfer, Stroudley, Good- 
man, and Lahmoyer (A, and D. chap. ix.). 

These testing machines alL suffer from the 


disadvantage that, at the speeds at which they 
are usually run, the frictional effects observed 
are duo solely to the viscosity of the oil used, and 
therefore only give information as to that 
property ; information which could better bo 
[ obtained with a viscosimeter. 

Machines of what is known as the disc and 
1 collar type are of mucli more use in investigat- 
; iiig the ‘ oihness ’ of hibricanis. In them the 
1 oil IS fed between a rotating disc and a stationary 
plate, a load is applied to force the two together, 
and low s])('eds are used. 'I'he best known 
I machines of tins class are MaeNaught's, Wood- 
bury’s, |)c[)re'/ and Napoli’s, and 'J’ower's. 

' Bail(y\ lundnliini r is s[)ccially 

i designed for use with (»ils intended for watches, 
cloi-ks, and other small machines. 

C'lrEMiCAL PlUlPEKTJKS OP LuBKirANTS, 

^i'Ji(“ chemical moth<»ds used foi the examina- 
tion of lubneants aie those us(‘d for oils in 
general (r. J’etkoleum; and Oils, Fixed, and 
Fats). 

'rile chemical projiertics of oils wlncli are of 
special imjiortance with rcffeicncc to their use 
. as lubneants are : () ) corrosive action on inetals, 

, which IS closely coniieeted with the acidity of 
' the oil : (2) tlicir tendency to gum or resmify ; 

' and (3) their liability to decomposition under 
the conditions of use. 

(1) Most fatty o'h. even when fleshly pre- 
jif'i'cd, contain some fatty acid, the amount of 
' which increases with time of storage of the 
I unicfiiied oil. d’his cannot Ix' avoided, and is 
' one of the chief reasons (hat such oils have been 
largi'ly supcrscdecl by mineral or blended oils. 
'I’lie addition of iTsiii or resin oil to a lubricant 
will often increase tlu' ai-idity owing to the 
iCMii acids pre.seiit. 

In the case of mineral oils consisting essentially 
; of hydrocarbons it bus been surmised that their 
' luhric'ating value depends upon the presence ol 
unsaturated molecules (Duiistan and 'Iholo). 

' A])])arenlly tlie sanu' is true in regard to fatty 
lubricants. It has been shown that free fatty 
acids, in limited amount, greatly improve the 
friction ri'ducing values of mineral oils and that 
j the irujirovenieiit in ‘ oihness ’ or lubricating 
' ])ower of a mineral uli, by mixing with it a fixed 
i oil. IS mainly due to the smi.H quantity of free 
fatty aeid than to the neutral glyceride (Wells 
and Houtheombe, .1. 8oe. ('hem. Jnd. 39 (1920), 
53 K ; Arehbuit, / c.). 

Oudo petroleupi normally contains small 
amounts of organic acids, but refined mineral 
oils ought to be practically free from acidity. 
In many cases where they do not conform to 
this standard they arc found to contain free 
! sulphuric acid, which has been left in the oil 
1 owing imperfect washing after refining with 
' acid. 

I ff’he extent of the corrosive action of an oil 
■ on inetals is proportional to its acidity, but is 
conditioned by the access of air or water to the 
metal In absence of air and water even a 
grease containing 70 p.c. of fatty acids has liitlo 
or no action on metals (Burstyn, Dingl. poly, J. 
217, 314 ; Redwood, J. Sou. Ghem. Ind. 1886, 
362; Fox, Analyst, 1883, 8, 116; Uonath, J. 

I Soc- Chem. Ind. 1895, 283). The acidity in 
I usually determined by titration, and is expressed 
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in terras of alkali required to neutralise it, or as 
oloic acid. 

(2) Th3 tendnicy to guin in the case of fatty 
oils is closely associated with their drying 
properties Such oils as linseed oil are impossible 
as lubricants. The semi-drying oils are not used 
as lubricants with the single exception of rape 
oil, the least oxidiaable, which is largely used 
owing to its low cost. 

A rougli idea of the drying properties of oils i 
can be obtained by coating them on pieces of j 
clean glass and observing the length of time they 
take to set, or to arrive at the same conaisteney. 
Antither way i« to place drops of the oils at the 
upper end of an inelmod steel plate, and observe 
the distances they travel before coining to rest. 
Oare must be taken to distinguish those eases in 
which the thickening of an oil is due to its i 
acidity, the corrosive action resulting in the for- 
mation of metallic soaps which dissolve in thi^oil. 

Mineral lubricating oils can absorb small 
quantities of oxygen at a high tenqieralure 
(Bach, J. Soc. Clicm. liid. 1889, 990; Ostrejko, 
J. So(!. Cliem. hid. 1890, 20, 315, and (>45), but 
under ordinary conditions such oxidation is 
practically a,/. Any tendency to giirn in this 
case is diK' to evaporation of the lighter consti- 
tuents with deposition of asphaltic and tarry 
matters (llolde, J. Soc. Chem. iud. 1894, 008; 
1895, 894). 'Fhe amount of bituminous niattci ' 
present can be determined by extraction with | 
light petroleum (Bender, d. Soe. (’hem. ind. ' 
1891, .354). Closely associated with the guip- 
ming tendencies of oils is their liabihty to cause 
spontaneous combustion of cotton wa..stc, &c., 
with which they come in contact. For this 
reason mineral oils have entirely suiiensedcd 
fixed oils in iiiaiiy cotton mills. 

(3) ’riie danger of dccovvimdwn is 2 >reBent in 

those bei^rmgs which run at a high temperature, 
e.q. hot nock rollf, but the commone.st case where 
this has to be eoiihuiered is that of eylindens of 
steam, gas, and oil engines. For thesis pure 
fixed oils should never be used, as in [iresence of 
steam they are liydrolyscd to glycerol and fatty 
acids which rajndly corrode the cylinder and 
piston, forming large lumjis of miitallic soa[). 
.Steam cylinders are best lubricated with 
‘ reducjpd ’ mineral oils of high viscosity, density, 
and flash-point, but very ^tisfactory results are 
obtained in jiract ^‘.e by using lighter grades of 
mineral oils containing up to 30 p.c. of fixed 
oils or ‘ blown oils.’ • 

For the lubrication of the cylinders of gas 
and oil engines a jmre mineral oil should be used, 
preferably one which will evaporate without 
leaving any residue. The high temperature of 
the walls of such cylinders and the presence of 
flame cause such carbonisj^tion of the oil and, | 
unless care is used in its selection, this may ; 
cause serious trouble. • ^ j 

-See Oils, Fixed, and fats ; Petroleum ; 
also Encyelop. Britt. 1910, arts. Lubricants and 
Lubrication ; Archbutt and Deeloy, Lubrica- j 
tion and Lubriijants ; Lewkowitsch, Chemical j 
Technology of Oils, Fats, and Waxes ; Redwood, 
Lubricants, Oils, and Greases ; G. H. Hurst, ' 
Lubricating Oils, Fats, and Greases ; Carpenter , 
and Leask, Soaj), Candles, Lubricants, and ' 
Glycerin, 258 et seg. ; Discussion on Lubrica- ! 
tion, Phy. Soc. of London, 1919, 32, 15 ; J. Soc. 1 
Chem. Ind. 1919, 38, 7T ; Archbutt, J. Soc. i 


Chem. Ind. 1921, 40, 287T ; Report Lubrication 
Inquiry Committee, 1920 (Dept, of Sciont. and 
Indust. Research). 

LUCERNE or ALFALFA. Medicago saliva 
(Linn.). A leguminous plant bearing loose 
raoemes of bluish-purple flowers. Its root 
penetrates very deeply into the soil and thus 
enables it to .sustain drought. It is chiefly used 
as a fodder plant for horses, cattle and sheep, 
being generally cut and eaten green, though 
sometimes made into hay. It should be out at 
or before the flowering period, or it tends to 
become woody and less digestible. The follow- 
ing shows the average eomimsitien of the plant 
in the frc.shlv out condition : — • • 


Very young . 81-1 4-0 l'(i (r2 O-S 4-4 1*9 

Before flower- 
ing . . 7()-() 30 1*5 90 0-8 <r8 20 

In full flower. 7()0 2 7 1-2 9*3 0*8 7-8 2-2 

Whilr the hay from Die jilant has the eoinjiosi 

tion : 

Cut before 

flowering . Hi O 12 2 4 0 31'J 2 '4 270 7'3 
Cut ill 

flower . l()-5 10-7 30 29’2 20 29-5 80 


flower . l()-5 10-7 30 29-2 2 0 29 0 8 0 

The ash is rioli iii linu'. Lucerne bay has 

marked diuretic jirojicrt les. The seed i.s small 
and kidney-shaped, and is borne m a spiral pod. 
For a study of the eir/ymes present m various 
jiarts of tile plant, see Jacobson and Holmes 
(J. Amer. Chem. vSoc, 1914, 30, 2170 ; J. Chem. 
Soe. Abst. 1913, 1, J5J, ; 1914, 1, 1193). For 
Jucorne-seed oil, .see .1. and H. (J. Amer. Chem, 
Soc. 1910, 38, 480). • 

The ash of lucerne contains ; 

KgO N.ioO MgO CaO SOg HlOg Cl 

25-3 5-8 48-0 80 0-1 20 1-9 

H. I. 

LUCIDOL. Trade name for benzoyl jicroxido 
used as an oxidising agent. Is a powerful 
antiseptic and may bo emjiloyed as a drier 
towards linseed oil and other drying oils and for 
bleardimg oils. Explodes on heating. 

LUCIFERESCEINE. Th^p fluorescent material 
present in certain luminous insects, particularly 
the fireflies {Photinus jnimlis), (P. corruscus) attd 
(P. srinUlUms). An alcoholic solution of the 
sticky fluid which the insects emit when irri- 
tated, has a bright blue fluorescence, yields a 
pale yellow amorphous substance, luciferes- 
ccinc^ giving a red coloration with concen- 
trated sulphuric acid, and a den.so cream- 
coloured precipitate with pot^ssiiim fcrrocyanido 
(Coblentz, Physikal. Zeitsch. 1909, 10, 966 ; 
McDermott, J. Amer. Clicni. Soc. 1911, 33, 410). 

LUDYL. Phenyl-disulphaminotetra-dioxy- 
diaraino-arseno- benzene. 

LUMINAL. Trade name for phenylethyl 
barbituric acid JCO'NH JaCO now 

o^cially termed ‘ phenyl barbital ’ in America 
(a. Pyrimidine.^ and Synthetic drugs). 

LUMINAL-SODIUM. The sodium salt of 
phenylethylbarbituric acid. A white hy|pB- 
scopic powder, readily soluble in water and 
alcohol, sparingly soluble in ether and chloroform 
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On boiling the solution, the salt is decomposed 
with evolution of carbon dioxide and formation 
of phoiiyl ethyl acetyl urea. 

LUMINOUS PAINT Barium sulphidk. 
LUMINOUS PAINTS, MANUFACTURE OF. 
Four methods for the manufacture of jdiosphor- 
oscent pigments are cmjiloycd. 'Die first 
utilises oyster shells as the raw material. 'J'he 
shells are first washed with hot watei and then 
dried and calcined at a hrmlit red heat. After 
cooling, the mass is crushed and freed from the 
dihrt'i of the exitTiial layers. 'I’hc shell powder 
is then mixed with a small amount of jiowdered 
wood charcoal and transferred foa clay cnicible, 
where it pi arranged m alternate layi'rs with 
powdered sul])hur. The crucibh^, covere<l by a 
lid securely luted mi, is strongly heated bn- about 
an hour, and after cooling the mass is extracted , 
and pulverised. A phosphorescent colour jue- ' 
pared in this way from an impuM'‘’calcium , 
carbonati' affords a more intensi* light, than the 
colours made from pure carbonate of lime. Jn 
the second mcthoil the suljdiati-.s of calcium, 
barium, or strontium are used as the raw | 
mati'rials. 'I’liese an- intimately mixed with 
]i(avd(‘red wood charcoal, in the ])ioportions of 
J jiart of carbon to 5 or b jiarts of sulphate. The 
mixture is then calcined as in the pievious 
ju’ocess. In the third method, when working 
with carfumati's surli as marlde, witlicrite, or 
eai'bonati' of btnmtium it is necessary to add, 
in addition to the wmod charcoal, rather more 
than one ehodiieal eipiivalent of suljiliur. and 
then to proceed in the same manner as with the 
oyster shells, 'the second and thud processes 
give masses with an orange, grc'cn, blue, or red 
[ihosphoresecnci'. Tlic s'llphur irt soinetimi's 
replaced by antimony sulphide or other similar 
sulphur eonijiounds. More luminous but more 
e.xpetvive colours can be produced by starting ; 
with calc‘ium oxide, barium carbonate, or ; 
carbonate or sulphate of strontium, either alone 
or mixed with ealcmm oxide oi marble, '(’be 
necessary carbon is obtained from starch, which 
is mixed with the above substances. 'I'hc 
carbonates of rubidium and lithium, as w-cll us ; 
bismuth nitrate, are equally of service. Some* ' 
times sodium suljihatc, or e\en lead acetate, is 
added, and the formiihe for the mixings vary 
with each individual factory. It may be taken , 
as a general rule, lunvever, that about 8t) parts 
of the princi])al constituent require 12 jiarts of 
vulphiir (or less if otlier sulphur eomjiouiids be 
iresent) ; 4 to 5 jmrts of starch, 2 to 4 parts of 
ithium carbonate, and ()-0I to 0-5 part of other 
metallic coin])ounds. 'I’hose constituents, which 
are used only in very small amounts, are best 
added m aliiohoiic solution. 'I'he mixtures are 
heated in a closed crucible for three-quarters to 
one hour at a tqpiperatiire of about J200°('. 
Phosphorescent pigments are, when used, often 
mixed with barium sulphide, lakes of natural 
colouring matters, and often with mineral pig- 
ments of the same shade as the phosph(*restent 1 
body itself. Thus, for examjile, realear is used ' 
with red shades and orjiiment with yellow ' 
shades (0. Pragor, Fheim ^'e(•h. Fabrikant, 
through (’hem. 'L’radc Jonrn. August (5, 1921, 
158). ' 

, LUNAR CAUSTIC. (Silver nitrate fused and 
cast into rods or sticks. 

LUPANINE occurs in the d- and 


dl- form in the seeds of Lupinm albus (Linn.), and 
m the d- form in those of L. mi^ustifolius (Linn.) 
and L. perennis (Linn.). The dU form crystal- 
I Uses m needles, m.p. 99°, and furnishes crystal- 
; line salts. The d- form has m.p. 44", and yields 
salts which are less soluble and crystallise more 
easily than those of the dl- form. The I- form, 
which may be separated from racemic lupaninc, 

! has m.p. 43" 44", and crystallises less easily than 
the d- form. It has been suggested from time to 
; time that lupaninc is elosely related to sparteine, 
but according to Beckel (Arch. Pharm. 1911, 249, 
329 ; 1912, 250, 700), this is not the case. All 
the forms ol lupanine are bitter and poisonous 
(Fichhorn, Nobbes Wrs, 8t. J8(i7, 272; ISiebcrl, 
Cheni. iSoc. Abstr. 1892, 52, 22,3 ; yoldaini, Boll. 
Cbem. Farm. 1902, 41, 37 , Arch. Pharm. 1902, 
240, 2(i0 ; Davis, Apoth. Zeit. 1895, 11, 94). 

LUPEOL. A substance of the foinuila 
t'lolljoO found associated with cninaniie acid in 
[Dir/toji-sis] 7'r( uhii (Burck.), C'lystal- 
lises in fine needles, dextrorotatory a„ - -b27'2° 
in ehloroforni, m.p. 190" 192" (Jungfleiseh and 
Leroiix, (’omjit. leiid. 1907, 144, 1435; rf. Van. 
Bombiirgh, ibid. 1907, 925). 

LUPINES. Lupin luh ns (Linn.) ; L. 
(nujustijohii'i (Linn.); L. alhii.s (Ijinn.). The 
above three varieties, wliose lioweis are yellow", 
blue, and white lespectively, are the chief species 
grown. They are often grown tor gicen manure 
on account of their mtiogen-eitlleeting ]) 0 \vei's, 
and are employed to enrich jioor sandy soils in 
ir-trogenous organic mattei. They are only 
oeeasionally usi-d as food ('itlier for men or 
animals, biseause of their bitter tasti', Init in tunes 
of famine they aie sometimes used as an addition 
to rye-br(‘ad. 

The following givixs the mean eumposition 
of several varieties of the seed (Konig) ; — 

N'free Jnide 

Water I'roteia t'nt e.xtrai t libre Ash 
White lujunes ir>-!> 28 8 li 8 33*5 11 ‘9 3-0 

JMaek- . 14-3 38-8 4-5 23-9 14-5 3-9 

Blue „ . 14-3 29-7 5-3 35-5 12-2 2-9 

Yellow „ .14-7 37-8 4-3 25-5 14-2 3'5 

The ‘ protein ' of lupines contains a con- 
siderable proportion (10-20 p.c.) of non- 

albummoids. A portion of the non-albuminoid 
nitrogen exists in (he form of alkaloid-like 
substances. Blue and whiUiilupines contain a 
substance lupantn which can exist 

in tvjio forms : a liquid winch fonns a hydro- 
chloride Ci 5 H 24 N 20 .HC’ 1 , 2 }L 0 , crystallising 
in prisms melting at 132" 133°; and a solid, 

I erystallismg in monoclimc crystals, which 
melt at 99", and which forms a hydrochloride of 
I the same composition as the other, but melting 
at 105"* 105". Liipiutn ('^iHggNoiOH)^ occurs 
.in yellow lupines ; it forms crystals melting at 
t>7"-58"j^ LupiniCiiit another liquid alkaloid- 
liko substance, consists of a solution of a crystal- 
line hydrate C’gHijN-fbLO m the oily base 
(JpIIigN. The latter is a thick, oily liquid easily 
soluble in alcohol and ether, smells like hemlock 
and has an intensely bitter taste. It oxidises 
rapidly by exposure to an- and acts as a w-eak 
poison. 

The.se alkaloid -like' substances are present 
both in the seeds and in the leaves and stems, and 
thuws render the plant unpalatable to animals. 
The poisonous properties of lupines, often fatal' 
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to kIioci), were formerly atscribed to these 
alkaloids, but according to Kuhn and Liebsuhcr, 
they are due to ‘ Iclitrogen,’ a substance 
produced by the growth of a fungus which 
attacks lupines, and which can be extracted 
from diseased plants by treatment with 
water. 

Lupines are sometimes depiived of their 
bitter taste before being given to animals. This 
can be done by an hour’s steaming and washing 
with water ; according to Kellner this treatment 
removes jiractically tlic whole of the alkaloids 
(05 p.c.), while it also rmnoves about 8 -4 ji.c,. of 
the nitrogenous substances, and 15-20 ]> c of 
the total dry matter. In spill* of tins loss the 
treated lupines aie of greater feeding valm* than 
tlio.se untreated. 

Of the jiroteids in lupiii«*s, eonglutin is the 
laigi'sl eoiistitiu'iit. The ' rntrogi'ii fn*!* exliael 
of lupines eoMsisIs largi'ly ol gums and jieetin 
bodies, togi'ther with starch and eane sii/far. 
Till* blue Jii]une eontains about 1 1 ji e. of 
iiifxosr (/j-galactan) : In heating with diliilo 
sulpliiiiie aeid it split, s uj) into f/-fiiutns(> and 
galactose 

'J’he following aie analyse*' of the nsli of 
lupiiu’s (Ivomg) : — • 

W V'l cJ A S 

Yellow lupines 30 0 7 7 1 12 8 0 7 38 (> 8 7 0 2 0 8 

Olue ,, 30 0 I 0 lot) 0 7 O'O .57 1 7 8 1 0 0 4 

Wliite „ 33 7 17 9 7 8 (r2 — 23’7 0 8 0 9 2 1 

11. I. 

LUPINIDINE { SfHirttnn ) r. Broom tops. * 
LUPININE J^lhJ^h.id found 

with s|)art('in(' in I Ik* s(*i*ds of Lupinu-s IuIciih 
(Linn.) and L mijo lihoinbte crystals, 

m.j). (>7" ()H'’. Distils without d<*eom|iosiiion in 
hydregen al 225’ 257”, hevorotatory. It. is 

bitter and slightly toxic. Is a tertiary, hydroxy 
base wine'll fiii imr^ics erystallim* .salts (Baunierl, 
Ler. 1881, 14, 1150: i882, 15, 1051; llag(*n, 
Annalen, 1885, 280, 870 , Siebert, Arch. Bharm. 
1801, 220, .0.81 ; .Soldaiiii, i/or/. 1802, 280, II); 
Berend, iJnd. J807, 285, 202; Willstatter and 
Kourneaii Her 1002,85,1010). 

LUPULIN r-. Ol .hO-RhSINS. 

LUTECIENNE. A nnxtuie of Fast Ked A 
w'itli Oiange 11. najjhthol orange), the sodium 
salt of* yi-sul])h()l)eiiz<*ne-al^)-^-na])lithol, (•om<*H 
into commerce under this name. Known also 
as Fr(*neh Fled. The name is also given to the 
alkaline salts of dibromodinitro-flnorescein„ pre- 
pared by simultaneous nitration and bromination 
of fluorescein iri alcoholic solution or by nitra- 
tion of dibromofluor(*seein m acetic acid or 


in the spark spectrum and the band y (A517T)-- 
A518) in the absorption spectrum which are 
charact.oristie of lutecium (iJrbain, Cumjd. rend. 
1907, 145, 750 ; r/. AiU'r von Welsbach, Bitzungs- 
ber. Wien. Akad. 1007, 408). The commercially 
.separated yttrium earths from ytterbite have 
been further fractionated as chromates to remove 
yttrium, and crystalli.scd as nitrates, and as 
double nitrates w'lth bismuth and magnesium 
to precipitate eenum and lanthanum. After 
rt'inoving tlu* (*xeess of bismuth and magnesium, 
the lutecium fraction w'as precipitated as oxalate, 
converted into nitrate, and fraetioiiated to 
eliminate sucee.ssi vi'ly (*rbium, yttrium and 
neoytterbium. The most soluble lutecium 
fraction, converted into clilonde with siil])hur 
ehlondi* (r. Cerium), was heated till seandiuni 
and tlionum eliiorides \v(*re volatilised. Lute- 
cium (hlomle IS more volalili* than neoytterbium 
ehlondi; f^b bain, Boiinon, and Maillard, Coilfpl. 
rend. 1000, 140, 127). 8’1 k* xenotime earths 

were lr(*(*(l from (ieriiim, gadolmiiim, terbium and 
(lys]iro.sium by fractionating the ethyl sulphates ; 
tin* most, soluble ytlei'bium fraction (containing 
yl Ilium, (*rbium, and tliubum) w^as c()nv(*rl(*(.l 
into nitrate, and decomposed fractionally in 
nitiic acid wlu*n n(*oyttcrlmini and lutecium were 
obtained in tlu* most easily dccom])osable 
portions (ef. Auer von Wi'lsbacli, iMonatsK 
1018, 84, 1718). 

Lutecla {luUctuu) oadr) is less basic 

tlian iK'oytti'i bia, and can be separated from it 
by fractional jiri'cijulation witli eaustie alkali ; 
it is l(*ss ]>aramagnetic than the latter oxide, the 
magnetic susceptibilities bi'ing in the ratio 
I Vb,0.j : Lu.Oj- 58 : 18 (Urbain, C’ompt. rend. 
1008, 1411, 40b). 

'I'lie final unerystallisable mother liquors 
obtaineil in the .separation of lutecium from 
ytterbite (but not from X(*notime) lU'fJiably 
contain a n(*w el(*ment Celtium indicated by a 
ehnraetenstic arc spe{*trum. 'J'lic magnetic sus- 
ceptibility of e(*Itium oxide is lliri'c or four times 
l(*ss limy that of Iule(*iil, and in basic strength 
the former oxide is mtormeebate between the 
latter and .scandia (Urbain, (.’ornpt. rend. 1011, 
152, 141 ; Urbniii and Blumenfeld, ibid. 1014, 
150, 828) (ii. (’ei.tium). G. T. M. 

LUTEOLIN. 'Die sodium salt of m-xylidin- 
suliihonic-azo-diphenylamine. An orange-yellow 
dye discovered by Witt in 1 888. No longer used. 
Also the colouring matter of weld {g.v.). 

LUTES are userl for packing joints, repairin| 5 » 
fractures, and coating vessels externally to 
, render them irn])erviou8 to vapours, A:e. For a 
; lute to he elTeetive it is imjiortant that the sur- 


aqueous solution. I faces to which it is applied should Hli rlenn, and 

LUTECIUM. Mym. Lu. At.wt. 174 (175-0 in the ea.se ol lutes that arc applied in a molten 
Auer von Welsbach). Tlu* ideiitilieat ion of this or semi-fluid state it is preferable previously to 
rare earth metal has resulted from the systematic heat the fiarts that arc to he yiined. 
examination of Marignae’s jftterbia (Compt. Of lutes for joints whicli are not to be sub- 
rend. 1878, 87, 578), which is isolated ftom the Jected to high tempyrature may be mentioned; 
least basic jiortions of the yttria i*arth8 derived (1) Soaked bladder stretched and tied over a 
from xenotime or ytt(!rbite (gadolimte) {v. i joint or employed to secure another lute on the 
Cerite metals). Frolong(*d fractionation in I joint. (2) Imlia-rubber bands, or caoutchouc 
nitric acid of the erudi! ytterbium nitrate removed ! melted or dissolved in coal tar, naphtha, or 
yttrium, erbium, and iinally thulium, a trace of ' other .solvent. (8) A .folutn n of 1 part caout- 
thorium lieing separated with hydrogen [X’roxide. ehoue in 2 parts hot linseed oil mixed with 3 
The atomic weight of the elements present in the jiarts pipeclay ; this mixture remains soft and 
final fractions rose from lliO-9 to 173'8. The is very ini|)ervious. (4) Linseed or almond 
most soluble fractions, which give the highest meal made into a paste with water, milk, glue, 
atomic weights, showed 34 characteristic lines or lime-water. (5) A mixture of white lead and 
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oil spread upon strips of linen or biuullcs of tow. 
(0) Quicklime reduced to a dry powder by addi- 
tion of a small quantity of water, and mixed 
with white of egg diluted with its own volume 
of water, is spread on linen strips and rajudly 
applied to the joint. This lute dries quickly 
and adheres strongly to glass. (7) Lute d'dnf', a 
very strong cement ])rc])ared by mixing strong 
glue with recently slaked liine, with snbseiiuent 
addition of white of egg. (S) Chalk and linseed 
oil (glazier's jiuttv). (h) Plaster of Pans made 
into a paste with water, gum w^ater, or glue, and 
coated when dry, if tlu' joint is to he gas-tight, 
with molted jiaralhn or oil, (10) AV// /aC, eon- 
sisting of^i^nixtiiH' of clay and hoiled linseed 
oil, IS applied and relamed by bladder or other 
substance, to hot joints oi to jirevent eseapi' of 
corrosive vapours. (11) A mixture of clay with 
a ^dution of ueJatm in jiyioligneoiis acid. 

Por joints which an' to resist eoTisiderahle 
internal jiressuie, especjally th<' joints of steam 
pipes, a nijxtiire is apjdied consist mg of equal 
parts of red lead and white lead made into a 
jiaste with linseed oil and mixed with Unv. 
()ther lutes f< ir this purpose nri' : (1) 12 of 

Paris white, 5 (»f rt'd ochre, 2^ ot Venetian red, 
and I of jiliimbiigo, ground and mixed to a 
stiff jiasto with boiled linsei'd oil ('rhompson. 
Png. Pat. 271)7r), 1895). (2) Mi'tnlhe /me 

powder mixed with tow or whitmg and made 
into a jiaste with linseed oil or wood oil (P>oiievill<‘ 
^ Co. Fr. Pal. 2527HS). (2) (i parts gruphiti', 

3 parts slaked Imu', 8 paits |)owdered barytes, 
and 7 jmrts of boiled Imsei'd oil. 

For making jiennanent joints and closing 
joints between melal and glass, i\.(' . \aiioiis 
compositions eonlammg beeswax arc u.scd. 
Beeswax wlicn melted with onc-cighth ils wcighi 
of tui’ficntmc becomes loss briltle and, when the 
materials arc melted in e(jual projioi'lions, the 
product lieeoines jihaiit when held in th(' hand, 
molts easily, and is known as soft crnicnl. Cap 
Ciincnt or hard remeui, for closing the covers, &e., 
of Bciontific apparatusr is jirepared by mixing 
and melting 1 jiart beeswax, 5 parts resin, and 
1 part dried red ot'hre or other colouring matter, 
'riie mixture is heated to 100 'C. until all frothing 
has ceased, and is cooled with frequent stirring 
to prevent settlement of the pigment. 

Bottle liUrs are used to cover the stoppers or 
corks of bottles. ^ That most commonly em- 
ployed is sealing w'ax ; paraffin w'ax is also good. 
•'Wholesale dealers usually lute the stoppers of 
acid bottles with a paste of linseed meal and 
water. 

Plumber's lute is made by adding 2 parts of 
line brickdust to 1 part of melted lilaek resin and 
stirring in thoroughly. 

A waterproof ccvk nf, introduced by Edmund 
Davy, is prepareil by melting together 2 parts 
by weight of common jn'tch and 1 jmrt of gutta 
pcrcha, with constant stilling. The resultant 
homogeneous fluid adheres with great tenacity 
to metal, stone, wood, &e., if applied to warm 
surfaces of those substances, and, although 
hard, is not brittle. It ^oftons when healed and 
jiasses through various strtgos of viscosity lyitil 
above lOO^'F. it forms a Ihin fluid. It apjiears 
to he absolutely unafleeted by contact with 
water. 

Mixtures of boiled linseed oil, clay, asbestos 
and rod or w'hito lead are waterproof, as is a 


mixture of flax seed meal and water. Portland 
cement mixed with water containing sodium 
silicate or glue makes a good lute. 

Oil proof cements may be made from (o) glue, 
glycerol and water; \h) molasses and flour; 
(e) sodium silicate and whiting, or barium 
sulphate. 

Two good a.ad-proof lutes are: (1) Pipe- 
(‘lay made into a stiff jiaste with hoi coal-tar ; 

(2) equal jiarts (ff |)iteh and resin melted together 
and iiieorjiorated with 1 jiart of jdastcr of Paris ; 

(3) equal weights of rubber (dissolved in CSo) 
and boiled linseed oil. 

A useful laboratory cement is obtained by 
mixing hthargi' to a stiff pasli' with glycerol. 
'I’liis quickly sets to u liard mass, impervious to 
wati'r or gases. 

This cement is enijiloyed for lining the 
digesters used in the maniilaeture of sulphite 
jMiJp. h’or it.M heha\iour in si'tting, sir Merwin, 
.1. Ind. Eng. (’hem. P.)J7, 9, 399. A suitable 
mixture for joints of silica ware (vitreosil) con- 
sists ot 40 jiarts of asbestos, small, 8 jiarts asbestos 
lilire, 10 jiarts wliiting, 2- 3 jiarts tallow, boiled 
linseed oil 39 40 jiarts, 

A ehlonne lesislaul eotuni consists of jjow- 
(h'l'ed glass (1), PoiUaiid cement (1), sodium 
sihcale (1 ). 

Ac(lon( collodion, a solution of collodion in 
acetone, i.-, very useful as a lute in the laboratory. 
Piiiiited (»n with a brush, it quickly diies to a 
hard lilin. wliieli is firoof against water and 
([jlute acids, and is jiertectly impervious to 
gases. Jt may be u.sed to lute cork or rubber 
stopfiers, to c(»ver rubber tubiiig, to w'atcrjiroof 
lalieK, iVe.. but it sluaild m^t be subjected to a 
temperature above 15(l‘X'. 

A lute acquiring a liardness equal to that of 
marble, and known as oxgehloridc of zinc cement 
(Sorel's cement), is piepared h> dissohing 3 p.c. 
of borax in a solution of zinc elfloride o{ 1 --PJ-l 'tiS 
sji gr. with addition of sufficient recently ignited 
ziiie oxide to produce the jirojier consistency. 

AUmmsui cement is jirepared by making a 
Jiaste of jiowdered magnesite and 10-20 p.c. 
cone, hydroehlone acid, forming it into blocks, 
igniting, and linally grinding to powder. With 
waU'r tins yields a strong eement which quickly 
sets hard, but is not absolutely fireproof. 

Brayhe's hydraMw, cement is prepared by 
boating to bright re(lnes.s fo* '3 hours a mixture 
of 3 parts clay and 1 part slaked lime, and 
jiowdenng ilie product. 

A cement enijiloycd for closing leaks in 
i boilers, &c., is prepared by mixing 6 parts clay 
I and 1 part iron filings to a paste with boiled 
j lin.seed oil. 

I Iron c,cmc7iiy for permanently closing joints 
j in iron, consists of .a mixture of 1 00 parts iron 
I filings, 3-20 parts flowers of sulphur, and 3-6 
1 parts a,mmoiiiuni chloride, mixed with water to 
, a paste and applied quickly. The larger pro- 
portion of sulphur i.s required when the iron 
filings arc fine. The mixture soon becomes hot, 
with evolution of ammonia and sulphuretted 
hydrogen, and in a short time becomes almost 
as hard as iron. It is stated that the best iron 
lute consists of a mixture of 100 parts iron 
filings with only 1 or 2 parts of sal ammoniac 
and no sulphur. This lute, however, though 
atronger, requires a considerable time to set. 

For coating earthenwaxe, a paste is applied 
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consisting of a mixture of equal parts of zinc 
white and fine sand, made into a paste with a 
concentrated solution of zinc chloride. Willis' 
lute for the same purpose consists of a paste 
made with slaked lime and a solution of 2 oz. 
borax in 1 pint water. It is applied with a 
brush, and when dry i'i covered with a plastic 
mixture of slaked lime and linseed oil and is 
ready for use after a few days. 

Among lutes for resisting high tmnjieratures 
may be mentioned Stourbndgt- clay made into a 
paste with watto’, wliieli withstands a higher 
temperature than any other lute in general use, 
and Windsor loam, a natuial mixlure of clay 
and sand. Bolh are used for coating vessels 
and for ])aekmg hot joints ot metal \essels. 
With the addition of about ono-timlh jiait ol 
borax these clays aro useful for glazing earthen- 
ware vessids. Leaks and fractuies in furnace 
linings, t*tc., may be stopped with <faiusl(i^a 
higlily sihcioiis fireclay. 

(ia'4 retorts and similar lossids closed tem- 
jioranly to withstand high temperatures are 
usually merely hik'd with mortar. 

Lor luting I ru( iIjK's, a jiaste ol liieilay and 
])owdei(<l fiiebrick is uselul, pielerablv VMth 
addition of a small proportion ol Ixuax to lender 
the lut.(' l olu'K'llt . 

A most valualilc mixture foi icpaiiing hrokim 
turnaecH, <ltc., (ousists <»! a pasti' of liri'hnck 
and liijuid sodium silu ati'. E\oii < onsiderablc 
openings, if roughly iilletl with hioken liiehrieks. 
may la sealed with tins lute. , 

A hreju’oot eement ioi rejiaiiing ri'torts, 
is made liy taking 200 ewt. elima clay, 100 , 
ewt. baryli's, 40 gall, sodium silu'ate (100 Tw.), 1 
21 gall, watei', and 28 lbs. borax, mixing well I 
and adding magnesite to the (‘xlent ol 2.5 p.e. i 
of the mixture (Wilkuins, Eiig. Ikit. 18004, i 
l!)0:i). , ' 

A lining for fflrnaees and enieihles may be j 
made from 4 jiarts gianulai I'oruiiduni, giound j 
to a tine jiowder, mixed with I jiart jiowflered I 
graphite and made into a jmste with 10 ]) e. of j 
sodium siliiate (Crowley and Payne, Eng. J’at. i 
8027, I00() ; r. also Kilburii Seott, <1. S«a’. (!liem. > 
Ind. 1005, 501). j 

For other recipes see Sadtler, Cheiii. Nows, 
1910, 113,2.57; Analyst, 1910, 202. 

LUfiDINES, LUXiDINIt ACID /. Hone-oil. j 
LYCACONITINE r. Aconitine. 

LYCETOL. iSce Lysetol. 

LYCIN (Acidol). Trade name for betaine 
hydrochloride, 

LYCOPERDON GEMMATUM. According to 
Kotakc and Naito (Zcitsch. physiol. Chem. 1914, 
90, 2.54) the fungus T/ijroperdon (jem malum on 
extraction with alcohol gives a erystalline brown 
dyestuff. This is a glucosu^e, and when hydro- 
lysed gives dextrose and gemmatem Ci;!!!.^!)^, 
brown needles. Fusion with alRali gives ^ hijdro- 
xijphenylacHic acid, and when oxidi.sed with 
hydrogen peroxide homogentisic anhydride is 
produced. 

LYCOPODINE, m.]). 114^-115®, 

is a crystalline alkaloid of bittei ta.sle, occurring 
in Lycopoduim comjdanatinn (Hoedeker, Annalcn, 
1881, 208, ,303). Jn Lycopodium Saururus of 
tropical N. America tliere occurs pillijaniue 
^249^2 crystals m.p. 64®-05°, with an odour 
of conine (Arata and Canzoneri, Gazz. 1892, 
22, 1, 146). 3’hese two alkaloids, with those in 


ergot, are the only known alkaloids in ('rypto- 
gams. G. H 

LYCORINE occurs in the bulbs 

of Lycoris radtalu {—Ncnne japoiiica) and forms 
large crystals, m.p. 250° (Morishima, Arch. exp. 
Path. Pharm. 1897, 40, 221) It has an emetic 
action. 3'he bulbs contain a second crystalline 
1 alkaloid sffci‘<aninc G. B. 

I LYDDITE V . Explosives. 

I LYDIAN STONE or LYDITE {Jjipis Lydivs, 
of T’lmy, from Lydia, in Asia Minor). A black, 

I jasjudeous or cherty variety of quartz, which 
i from ds hardness and the eloseness of its grain 
i ha.s been ii.sed a.s a touchstone for k'stmg the 
! (juality of gold, ivlieiu-i' its name h<^,(niif(. The 
! metal to he te.sted is rii Idled on the polished sur- 
! face of the stone, and the streak thus produced 
j is compared wutli the stioaks made by a series of 
! alloys of known composition ; tiie observer 
' judging dT the purity of the nu'tal by the colour 
of llu' mark and by its ht'haviour when trcati'd 
with a drop of acid, f.yditi' is also used us a 
hone-.stoiK'. Most Lydian stone lias a sehistoso 
structure, and may ia* descrilK'd us a hornstonc- 
sl.ite, or Ko'^eLehufa. The Lydian stone of 
l)('\on and east ('(unwall is a line-granied, in- 
durated, earhonaei'ous shale, Ixdongmg to the 
(’ulm-measiires. In Pifeshiii' it is rejircsented 
i by blocks of baked shale in the vents of ancient 
j vtticanoes. L. J. S. 

I LYDIN. A synonym for mauve or anilino 
* purjdc. 

LYGOSIN. 'I'rade name for di-hydroxydi- 
henzalacctonc. 

LYSETOL. 'I’rndi' name lor the tartrate of 
ot dimethylpijierazine 

A'll.— (TJ--tTla 
NH^ “ VNll 
MT1,-(TI- OEa 
used as a uric acid solvent. 

LYSIDIN. Ethylenc-cthcnyl-diainino 
Cl!,-N 

I CEa 

Clla NH 

Prepared by heating sodium acetate and 

ethyleno diamine hydrochloride. Used as a 

uric acid solvent. 

LYSINE NJ I altTEl^t T1(NH2)C02E , ae- 
dinnunoh’xoic arid, was discovered by Dreschel 
(.J. pr. (diem. 1889, [li.] 39, 425; see, also, 
van Slyke, J. Hiol. Chem. 1913-14, 10, 531 ; 
and Funk and McLeod, Hiochern. J. 1914, 8,* 
109) among the products of hydrolysis of casein 
by hydrochloric acid and stannoiiK chloride ; it 
is produced by the hydrolysis of otlj^U’ proteins, 
conglutin, egg albumen, fibrin (Siegfried, Ber. 
1891, 24, 418), and gelatin (Ernst Fischer, Arch. 
Anat. u. Physiol. 1891, 205; Osborne and 
Leavensworth, J. Hiol. Clieqj. 1913, 14, 481 ; 
cf. van Hlykc and Hirehard, ihid. 1914, 10, 539) ; 
it occurs in antijiepitono prepared from fibrin 
(Kutscher, Zcitsch. jihysiol. Chem. 1898, 26, 

! 195) ; together with arginine it forms the chief 
jiroduct of hydrolysis of the protamines sturine, 
/J-cypriiiine, and i-reinj^brine (Kosw'l, Zeitsch. 
pJi*xsioi. Chem. 1899, 20, 588; 1904, 40, 506; 
1910, 09, 138; it also oceuih among the hydro- 
lytic jiroduots of the jiroteins of the seeds of 
various conifers, and the seedlings of Lupinus 
luteus (Linn.) (Schulze and Winterstein, Zeitsch. 
physiol. Chem. 1899, 28, 469, 466; 1901, 33, 
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547), and has ))cen fouiul in Skiokara, Suzuki 
Yoneyama (J. (’'ol. Agric, Tokyo, 1012, 5, 311), 
and in fungi (Reed, .1. SioJ. (’hem. 1014, 19, 
257 ) ; Omeliansky and Sieber (Zeit.sch. physiol. 
Chem. 1913, 88, 445). 

Dreschel ((Jhem. Zentr. JSOl, ii. 712) showed 
that lysine is a diaminocaproic acid, and Kllinger 
(Bcr. 1890, 32, 3542) proved tliat the two ammo 
groujiH are m the ae- positions, because on 
decomjiosition by jiulrcfaction in an atniospherc 
of hydrogen, lysine is partially eonvcrtcd into 
cadaveriiK' (pentainethylcnediaininc) 

NR2f(Tl,],(’Jl(NH..)('()..Il 

CO, i Nll.lOHJ^NHa 
r/. Ackeriiiaiiii (Zcitscli. [ibysiol. ('hem. 1010, 
00, 273). 'J'hc syntlie.sis of /-lysmc has bcon 
effccf-ed by k’ischer and AVcigi'rl (Sit/iingsbei. K. 
Akad. Wiss. Berlin, 1002, 270) liom ethvi y cvn 
lufpropylmalonatc ; wIkui this coiffiMnind is 
treated with ctfiyl nitrite it gives ethyl a-o\iinmo 
S-cyanovaleratc ( 'N[0H ,] ,( '(jVOH)( 'O Jilt, w Inch 
on ri'ductioii with .sodium in alcoholn solution, 
yi(‘ld.s ac-diaminohc\oic acid or idysuu* 

Nll,[('il,l,(’H(NJI.,)0()J|, 
this IS isolated by siicccssi\e ( i ansforination mlo 
the iihosphotiingstate and ])ierate ; the }nn(ii< 
lorins thick ni'cdles that darken at 230''; the 
lu/drorhjoriflf is ciy.stallme and incUs.it 183"- 180" 
(corr.) ; thi' plu tu/l' icthutixh foinis colonilc.ss i 
needle.s, rn.]i. 182'- 185’ (corr); these den\a-| 
tives ditTer from the corri'sfiondmg derivatives j 
of the naturally occurring f/-l\smc in being ! 
o])tieal]y inactive and ha\mg sliglitly dillereiit ; 
melting- [loi lit s. A further synthesis of <-l\sinc 1 
from etliyl cyanopropylpht liahininomalonatc is j 
described by Son'iisi'ii (('hem. Zimtr 1003, ii. i 
33) ; when this compound is leducial with , 
sodium in alcoholic solution it yields the corre- i 
sponTling amino compound ; 

: ((!()), . N-('(('().Bt),l('JI,|,NII „ ' 

which is transformed by the action of concen- | 
trated hydrochloric acid into i ae-dianuiiohe.xoic 
acid (/ -lysine) i 

/-Lysine can also be obtained by a .synthetic | 

jirocess from pijieridme (.lulius \ on Braun, Bcr. ' 
1000. 42, 830). 'Fhe opening of the pqieridine ' 
ring by jiliosphorus pentachloride atToids 
among otlier [uoduets, bcnzoyl-e-lencinenit nie 
C01^lrNR[(’H jg( which contains the'skelc- 
^^ton of lysine, and yiehls on liydrolysis t-benzoyl- 
aniinohexoic acid t’OBh ; thus 

on bromination forms the a-bioino (Ferivatne 
Cl()Ph’NH|(Tl 2 ] 4 <.'IlRr (’(),H, wh.cli reacts with 
ammonia t(/ give a-aniino-e-ljenzoylaminohe\oic 
acid (XlPh-NH[(Ul.,h('H(NH,)('(gi, from 
which /-ly.sine is obtained by liydrolysis. 

Derivatives. Nu/fs. -d-Lvsme is a .syrup 
( Winter.stein, ZeUsih. ])liy.siol, ('hem 1005, 45, 
77), it has [alp+17-5' yi hydrochloric acid 
solution ([..awroff, ihid. 1800, 28, 388), and 
forms well-defined crystalline .salts and double 
salts ; the monofujdrochhridr is strongly acid, llio 
dihydmchlnndr is a neutral .sulistance (J)resehel, 
Arch. Physiol. 1801, 248); the plntniichlnpde 
^ crystallise.s with 1 

molecule of alcohol which it loses at 120'^' ; 
i-lysint; plaiuiivhlondr has the composition 
0 *H,., 02 N 2 H 2 PtCI,, it crystallises in prisms of 
a paler yellow colour than those of active lysine 


platinochloride. .Siegfried (Zeitsch. physiol. 
Chem. 1012, 7(), 234) ; the aiirichloridu 

(\2H2«(>4N4-HC1-3HAuC]4,2Hs,0 

.sinters at 120" ami melts at 1.52"-! 55° ; i-hj^inc 
aurirlilondr decom- 

po.ses at 173"-I7(>° (Siegfried, Zeitseh. physiol, 
(’hem. 1005, 43, 303; Ackermann, ihid. 1008, 
50. 305); the pirxdc P 8 Hj 4 ().,N 2 *(^nH 3 N ;,()7 is 
.sparingly soluhl/! m alcohol (Jvosscl, Zeitsch. 
phv^slol Cliein. 1800, 2(>, 580), and advantage is 
taken of thus fact m the quantitative separation 
of lysine from arginine and histidine (Ko.ssel 
and Kutscher, ifnd. 1000, 31, 105; Kossel and 
W'piss, d)id. 10)0, 08, 1 ().5 ; Schreiner and 
Shorey, d. Bml ('hem. 1010, 8, 381) Lysine 
phospliotungstatc* crystallisc.s m anhydrous 
needle, s, Drimirnoml (Bioche/n. J. 1018, 12, 5); 
.S7C W’cch.slor, Zeitsch. physiol. Chem. 1011, 73, 
1‘iH, for the soluhililv of the ])hosp)iotiingstalo 
precipifafo m a mixture of acelom' and water. 

Lysmo icadily yields an additive jirodiict 
with ])henvl /'.myanate , this does not (Tv.stalli.so 
well, hut on treatment with eoiiceiitrated hydio- 
chloric acid is (omcilcil into the ln/danlt)in 
Nll-('() 

NHPhtJO NH[CJ1 1 , which is 

4'()-NPh 

crystalline and molt.-, at 183" -184" (ileizog, 
Zmt.sch. ])hysio]. Chi'in. 1002, 34, .525), the 
corresponding dematne of /-lysim' has Ju.[i. 

l. 5(b (\on Biauii, Bcr J 900, 42, 830). 

/ Ly^imr (Kid, tli/' dibcnzoNl dcinative of 
lysine, has m.p. 144 145"; tlic and him inn 

2(C,Hi.,Bz2N,( ),),((' J1 1 , Hz, N..O,)2Ba,2H 2(-) 

cry.^1alh.se^ m la'aiitiful iK'cdlcs, m.[). 144'^^’- 148°, 
at which t<'m])('ra(ur(‘ it boconi(“s .inhydrous ; 

the votnuiJ Ixniniii ■‘^iilt (C,,„H ojN ,0 JoBa.H 11 .,() 
i.s a white crystalliTH' powalon, in.]>. i()8 ; the 
and •'<i>diK)ii sail is white and crysl dliiu', rn.p. 
108'’-«l00 ", and coiitams 11 X) ; the (Kid sijonhuw. 
suit contaiiKs 211,0, cry.stalli.scs in ])lates, and 
has mi). 1 37 ’-1.38"; tiic ywrmal stronlium mil 
contains H^O and is crystalline ; the siher salt 
C-olloiN .O^Ag,! ni..O IS white and amorphous 
( r)re,sclicr, Ber. “1805, 28, 3180: Willdcnow, 
Zeitsch. })hvsi()l. Chem. 1808, 25, 523). 

Mdhyl ly^hif liy^rochloi idc prepared by the 
action of methyl aicohol ami, hydrogen eldondo 
on /-lysine hydrochloiide, has m.p. 218° (de- 
coiiyi.), (/. Engckiml and Kutscher (Zeitsch. 
Biol. 1012,50,415); lysiHi anhydride, oht&mcd 
by healing the methyl estei’ at 100'^, forms the 
picrah^ yellow prrsms 

or plates clecompo.sing at 230° (corr.), and the 
hydrochlo) id( , microscopic colourless needles 
decomposing at 270" (corr.) (Fi.scher and .Suzuki, 
Sitzungsher. K. Akad. Wiss. Berlin, 1004, 1333). 
d- Lysyl-Jysinc dipiciatc 

k'i2H2eO,N4,((;RX^N3)o, 

m. ]). 238"- 242° was isolated from the products 
of hydrolysis of pepsin extract (Hugouiienq and 
Morel, Comjit. rend. 1000, 148, 236) ; i-lysyl- 
lysuir t\„bln 8 ().,N 4 forms a yellow crystallme 
pirratc, ni.p. 185’ (corr.), and a hydrochloride 
crystallising m short twin prisms, m.p. 205° 
(corr.) (Fi.scher and .Suzuki, Ber. 1005, 38, 4173). 

Ly.sine yields carbamide when decomposed 
by barium hydroxide (Dreschcl, Ber. 1890, 23, 
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3096) ,* it is oxidised by barium permanganate, 
jdelding glutaric acid as the chief product 
(Zickgraf, Ber. 1902, 35, 3401); and when the 
sulphate or hydrochloride is treated with barium 
or silver nitrite, ae-dihydroxyhexoic acid, an j 
aniinohydroxyhexou: acid, in.p. 200'^-201“, and j 
a small amount of an alkaline yellow amorphous i 
substance C^HiaO^N, m.p 176"- ITS"", are pro- | 
duced (Szydlowski, Monatsh. 1906, 27, 821). 
Heated with nitrous acid above a temperature 
of 30" all the nitrogen is set free from lysine in ten 
minutes {Sure and Hart, ,f. Biol. Chem. 1917, 
31, 527). 

Ex]ieriments made hy Buckner, Nollau and 
Kastle (Amcr iJ. Bliy'^ii'l. 1915, 39, 162) .‘^upjxwt 
the view thal lysmc is largely n^sponsible for 
the stimulation of growth ; Osborne and 
Mendel (J. Biol. Chem. 191(5, 25, 1) point out 


' the necessity of the presence of a certain pro- 
portion of lysine in order to form a nitrogen 
I food suitable for producing satisfactory growth. 

' Cf. Lewis and Root (J. Biol. Chem. 1920,43, 79). 

however. Mc(!allum, Simmonds and Smith 
(j. Biol. (diem. 1917, 28, 483 ; Abdcrhalden 
(Zeitsch. physiol. (!hem. 1915, 96, 1-147). 

Lysine posse.sscs germicidal properties 
(Wagner, Zentralblatt F. Baktr. u. Parasit. 11, 
Abt. 42, 613). M. A. W. 

LYSINE, d'his term is also used as a trade 
name for a preparation consisting of an acid 
solution of fiirmalin containing inorganic saltsand 
essences. I5scd as an antiseptic and bactericide. 

LYSOCHLOR. 'rnidc name for chloro-w- 
1 * • 
crcsol, 

LYSOL. 'I’l-adi' name for a preparation of 
crude carbolic acid. Used as a disinfectant. 


M 


M ACID. 1 -aiiuno-5-na]ththol-7-siilphomc 
acid. 

MACARITE. An (*\])losivc con.si.stmg of a 
mixturi' of trinitrotoliK'nc (30 jiart.s) and lead 
nil rate (70 par(s) 

MACE. Ihscnpiiun . — Mace is the dried | 
anlliis or seed coat of the nutmeg, the latter 
being the fruit of Mifrislu'a frmjnms (Houtt.^ 
(or Myrifiika anjchlca (Warh.), see below). 

'L'he tt(*(‘ IS a native of (he Malay Archipelago, 
and IS cultivated iii both the East and West 
Inches. 

The fruit (mil meg) is surrounded by four 
coats : a thick pericai]) on the outside, then the 
crimson arillus, Uien a thick tegument, and 
linally a thin iiK'iiHirane clos(>]y adherent, to the 
kernel. I 

Many oth(*r species of Mi/riftitva arc known in j 
addition to M. fragnitts (Banda or true mace), 
but only one yields aromatic seeds, viz. M. j 
(ir(jr)itea, wliicli iiirnishcs the Papuan or Maiiassar i 
maci‘. I 

The chief varieties of mace which ajipear on i 
the British market arc Penang, Singapore, .Java, j 
and West Indian, the iirst being the most highly 1 
esteemed. All thcjl^ arc derived from Mt/rislica ! 
fragrant but a small quantity of Macassar mace 1 
IS also imported, and this variety has hitherto 1 
been sold as “ mace ” without any qu(*stion 1 
being raised as to its genuineness. As it appears j 
in commerce, mace has a yellow-brown colour, i 
the lighter the better. The arillus, when un- 
broken, is about 14 inch long and ^ inch wide at 
the base. It is usually tlatiimcd, the tapering 
segments or blades being from J to ^ inch wide. 
Macassar mace is of a dull brown colour aid has 
much wider blades. Both varieties have a 
similar aromatic flavour, but that of Macassar 
mace is distinctly acrid (v. Holmes, Pharm. J. 
1908, 652). The sole use of mace is as a flavour- 
ing agent and condiment. 

Composition . — The chief constituents of mace 
are a volatile oil to which the flavour is mainly 
due, a fixed oil and a carbohydrate, amylo- 
dextrin, the granules of which arc easily visible 
under the microscope and turn red on treatment 


with iodine, 'l'he following table show.s the 
composition of Banda and Macassar mace, and 
also ol falsi* oi Bombay macc (,src below). 

(From Winton, (Jgden and Mitchell, U.S, Dept, 
of Agno., Bui. 13 and 65, and other sources.) 
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More recent analyses by i^arry (‘ Food and 
Drugs,’ ]). 236) yielded the following figures : 


• 'I'nu* 

niaci* 

Total ash . . . 1 87 li 30 

J)o soluble 111 water . rOH"l'27 

Do. insoluble in 11(3 . 0 07-0 20 
Fixed ether < .xtruct 23 0 32 .3 
Alcoholic extract . 22 • 0-2 .3 O 
Volatile oil . . 4'0-8 0 

Fibre . . . 5-0-'j-0 

Mltrogen . . . 0‘7-l'2 • 

Ether extract after e\- 1 
tractiriK with petro- ! 2 0 3 .7 
Icuni ether . . J 
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AdidteraUon. — I'lie only sophistication to 
which whole mace is liable is the wddilion of 
Bombay mace which is derived from Myristica 
jualahanca (Lam.). The tjnllus of this species 
is about 21 inches long by ^ inch wide, and 
the numcrouR blades are nSrrow and their 
vermiform ends an; roiled in a tangled mass 
at the apex. It is oPa deep red- brown colour, 
and almost devoid of aroma. As it i.s quite 
useless as a flavouring agent, and its price is 
about one-fourth that of genuine mace, its 
presence in the latter caiwmly serve the purposes 
of ftaud. 

Bombay mace is also the chief adulterant of 
ground mace, but jiotato, arrowroot, the cereal 
starches, turmeric, and ground olive stones may 
possibly be found. 
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Detection of odvltetMion. — ^The preRence of 
any of the above adulterantn in best detected 
by means of the microscope. Banda and Macas- 
«*ar mace arc practically inrhstinguishable from 
one another, but the presence of Bombay mace 
is at once rovf^aled })y t he appearance of the dark 
orange-coloured oil colls, the contents of which 
when treated with alkali assume a blood-red tint. 
The oil colls m Banda and Papua mace are 
fewer in number, of a light yellow colour, and 
alter only sliglitly in appearance when treated 
with alkali. A further characteristic, which 
however can onl}^ be seen in transverse sections, 
is that the e]jidermal ei'lls m Bombay mace are 
radially ^^lo^gatcd whilst in the ease of the other 
two varietK's the eJouguliun is tangential. 

Chemical tests for tlie presence of Bom bay 
mace are also available (Selineider, J. Pharmacdl. 
4, 57; Hefebnann, PJiarm. Zeit. IHhi, J28; 
liusse, Zeitseb. Nulir. ii. (tenussm. olK*). 

For the estimation of Bombay mace m tlu' 
presence ot Banda mace, ]>ro\ide(l that Maeassai 
mace be absent, the determination of the fixed 
ether extract will afford a fair basis lor calcula- 
tion. iSoltsien (Zi'it-sch. olTentl. Chem. 25‘t) 
recommends a ])reliminary extraction with 
light petroleum, the extract thus obtained 
being ten times greater from Bombay than from 
I^anda mace, and Parry (see above table) eon- 
lirms this. 

The information thus obtained should Be 
RUjiplemonted by comparison, undi'r the micio- 
Rcope, of the sample with a miKture of Banda 
and Bombay maces in the prn])ortions indicated. 
If thi^ro is a great discrejiaticy in the number of 
the characteristic oraiige-eoioured oil cells tlie 

P resence ot Macassar mace may be susjiccted. 

ho following test lor this variety may also he 
applied ((Ti’iebel, Zeitseh. Nalir. (Tcnussm. IbOU, 
202V— 

Shake up 0*1 gram of the sample with 10 <‘.e. 
of light. })(‘troleum for 1 minute, lilter and mix 
2 c.c. of the filtrate witli 2 e.e. ol glacial acetic 
acid, and add concentrated sul])hurie acid so 
a.s to form a layer under the acetic acid solution. 
In the presence of not less than about 20 p.c. of 
Macassar mace a red ring forms at the junction 
of the two layers, within two minutes. Banda 
mace similarly treated yields only a yellow ring 
within the same period, whilst Bombay mace 
produces no colour at all. ('ompanson (‘xperi- 
menis with samples of known authenticity 
.. should always be made. 

Further c>onfirmation of tin' presence of 
Bombay mace may be oblained by estimating 
the essential oil, preferably by t'ripp.s’ process 
(Analyst, 1009, 510), which consists in deter- 
mining the moisture by heating the spice w'ith 
calcium carbide, calculating the water from the 
acetylene involvi^^d, and deducting the figutc 
thus obtained from the total loss on Iicating in 
a current of air to the difference being 

taken as representing tbi' essential oil. The 
figures he obtained were as follows : — 

Essential oil 

Whole mace . . o . . (id -10'80 p.c. 

Ground imuse, unknown origin . 2-8(}- 7d5 „ 

Bombay mace ... 0- O'O? „ 

The characters of the fixed oil may also bo of 
use. These are shown in the following table 
(Spaeth, ibid. 1805, 2tX)) :~ 


Resut.ts of Examination of the Fixed Oil 
OF Mace. 

Melting SnponiflcAtinn Iodine liefractlon Melfisl 
point number number index number 

mace |2r) 0^1 ( 41-42 

Mams- 1 to [l(i 0 1) 17.5 0 7.") (V-8n-8 r48 -1 I87j 

Hiir 12(5 0“' I “ 

inacc ; 

Bom- 1 3 i ■()" I 

bay V to 180 4-191-4 .70-4- f4C.3 VO-Vl 
maee l 31 

Slavd(irds.~The slaudard fixed by Ihc 
United States Department ot Agriculture is as 
follows: Mace should eontaiu not less than 20 
nor mori' ihan 30 p.c. of fixed ether extract ; not 
more than 3 p c. of total ash ; not more than 
0*5 p.c. of ash insoluble in hydrochloric acid : and 
not more than 10 p.c of fibre. 

MeGill (Bulletin No. 430, (’anndian Inland 
Revenui' Department) suggests (he following: 
Ash not to exceed 3 j) e. ; asli insoluble in hydro- 
elilone acid not to exceed 0-5 p.c. ; crude fibre 
not to exceed 7 p.c. ; etlu'r extract aftci- previous 
extraction witli petroleum ether not (0 exceed 
5 ]).e. ; (‘ther extract plus itetroleum ether 
oxtnu t not to exceed 33 p.e. Both tlie U.8. 
Dept, ot Agneiilture and tli(‘ Canadian Inland 
Revenue Dept defini* trui' mace as being the 
Arillus of Mijnstmi 

iSoltsien (Zeitseb. otfenil. (3)cm. 3, 253) 
suggests that the ether extract aftiT removal ot 
the fat by hgiit jxdroleum should never exceed 
5 5 p.e. C. H. ('. 

MACE OIL V. Oils, Bssknttai.. 

MACKENSITE i. 'rHUIUNUlTJ!;. 

MACKINTOSHITE. Silicate of thorium, 
uranium, &e., perlia}>s U(.),-3ThO /3iSi()j,3HjO, 
cryslallised m the lidrugonal system 111 forms 
resembling zircon and lliorite It contains 
ThO_ 45, UOj 22, PhD 4 ji.c., together with 
sniall amounts of lanthanum, yttrium, iron, 
alkalis, &c. The water is» probably due to 
alteration, and the original mineral jirobably bad 
the -composition (Th,U) 4 Ni,j()i 4 ; by furthi-r 
alteration it givc.s rise to thorogummite. The 
})rismatie crystals and nodular masses arc black 
and ojtaque with a dull pitchy lustre. JSp.gr. 
5*43; U. 5D The mineial is gelatinised by sul- 
phune acid, and is rcathly solublis m a mixture 
of .sulphuric and nitric acids. It is found 
associated wth gad?)hmte and other rare-earth 
minerals m pegmatite at Barringer Hill near 
Bluft’ton in Llano Co,, Texas. L. J. S. 

MACLURIN. This substance occurs, together 
with morin, in the wood of the tropical tree 
Chlorophorii (inctonu (Gaudieh), which comes 
into commerce as ‘ Did Kustio.’ 

The colouring matters of old fustic were first 
investigated by Chcvrcul (‘ Leyons de chimie 
appliquee ^ la teinture,’ ii. 150), who described 
two substances, oiie sparingly soluble in water, 
called morin, dnd a second somewhat more 
readily soluble. Wagner (Jour. f. pr. Chemie, 
(1), 51, 81) termed the latter moritannic acid, 
and considered that it had the same percentage 
composition as morin. Hlasiwetz and Pfaundler 
(Annalcn, 127, 351), on the other hand, found 
that the so-called moritannic acid was not an 
acid, and as moreover its composition and 
properties were quite distinct from those of 
morin, they gave it the name ‘ Maclurin.’ 

When morin is precipitated from a hot 
aqueous extract of old fustic by means of lead 
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acetate the solution contains tnaclurin. After 
removal of lead in the usual manner, the liquid 
is partially evaporated and extracted with ethyl 
acetate, whi('h dissolves the colouring matter. 
The crude product is crystallised from hot water 
or dilute acetic acid (Perkin and Cope, Chem. 
Soc. ^Vans. IHOa, (17, 943). A crude maclurin is 
also obtained during the picparation of fustic 
extract, partly in the form of its calcium salt, 
and this product may be purified w'lth dilute 
hydrochloric acid and crystallised from water. 
In order to decolorise the crystals, acetic acid i 
is added to a hot aqueous solution and a little 
lead acetate in such quantity that no precipitate 
is formed, and th(' solution is then treated with 
sulphuretted hydrogen. The clear liquid thus j 
obtained is much less strongly coloured, and after 
re|x?ating the ojieration two or three times, the 
maclurin, ■which crystallises out on standing, 
pos.sesKCS only a pale yellow tint. 

Marlunu, to which the composition f'nllioflB 
was assigned by lllasiwetz and J’faiindler 
(.fahi'esber. I8t)4, 338), consishs, when ])iir(% of 
almost colourless needles, which contain otk* 
molecule of water of crystallisation ; tlu' 
anhydrous compound imits at 200''('. (Wagner, i 
Jahresber. IS.iO, 529). The colouring matb'r is j 
somewhat soluble in boiling water, is soluble in 
aqueous alkalis, forming ])alc yellow solutions, j 
■whilst with ferric chloride its aqueous solutions j 
give a greenish 'black coloration, and with I 
aqueous lead acetate a yi'lloiv ])rcci])itate, which 
is soluble in acetic acid. When boiled with 
potassium hydroxide maclurin yields ])hioro? 
gliicinol and protocab'chuic acid. 

Pc'ntahpnzoyl-madimii (^slfsOelC^H^Olg, 
which molts at was prepared by 

Konig and v. Kostanecki (Bcr, 1894, 27. 199()), 
and tribrom-wachnin (Ij^lLBrjOfi'HoO, colour- 
less needles, by Benedikt. 

Maclurin -pc ni(widh yl-riher (\.,irj.,0(()('H.,),^, 
forms colourless leaflets Avhieli nu*lt at 157%!. 

Konig and v. Kostanecki first assmnc^l to 
maclurin the constitution ol a pnita-hydro^y- 
benzophenove : ' i 

OH (^)H I 

I I 

I 


-OH 


This is supported by the synthesis by W. H. 
Perkin and Robinson (Chem.' Soc. Proc. 19()()f22. 
305), and 8om(>what later by v. Kostanecki and 
Tambor (Ber. 1900,39, 4022), of maclurin penta- 
methyl ether, by the interaction of veratie acid 
and phloroglueinol trimcthyl ether in the 
presence of aluminium chloride. The reaction 
may be represented thus : , 

' OCH, 


When maclurin pentamethyl ether is digested 
with alcoholic potash and zinc-dust, /cuco- 
maclurin-pfntmneihyl ether (v. Kostanecki and 
Lampe, Ber. HKM), 39, 4014) i.s produced, jiris- 
math* needles. 
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m.p. 109”- lUPC., and this on further reduction 
gives pcvtd-mdhorn-dijthon/l-mrthane, m.p. 107®- 
108°C. On tin* other hand, if Icucomaclurin- 
pentamcthyl ether is oxidised in ^a^etic acid 
.solution, I'cratuc acid nnd dnnelhoxij-hcnzo- 
qiiinonc are forineil. 

Maclurin itself has been synthesised by 
Hoesch Ik Zarzecki (Ber 1917,50, 402). Pro^i- 
catcchiioii+trile is condi'iised with phloroglueinol 
ill the jiresence of anliydrous ZnChj and a 
.stream of hydrogen chloride. 4'he ketone-imide 
liydrochloiide thus obtained on hydrolysis with 
boiling water yields maclurin. 

By treatment of maclurin with acetic anhy- 
dride and sodium acetate, (’lamician and Silber 
(Ber. 27, lt’>28, and 28, 1393) obtained a crystal- 
line product which has the composition of a 
ponta-acetyl-maclunn less one molecule of water, 
VIZ. tbiH,^(_)j„, and to this compound the follow- 
ing constitutional formula lias been ascribed, 
one of the acetyl groups having undergone 
condensation with the ]m>duction of a couma- 
nn derivative, Mra ■(lechd-tetra.hydroxu^phfnvU 
enumarin : — 

(;h.,cO'U— 

I 

,C~H 0(100H3 

O'COBHa 

Patent Fmtin . — Cinder the name ' j^atont 
fiislin ’ a* colouring matter has been placed on 
the market, which consists chiefly of diazo- 
bcnzcnc-macliinn (C. jS. Bedford, J887; Eng. 
Pat. i29()7). To priqiarc this substance, old 
fu.slic is extracted with boiling water, the 
solution is decanted from the jirccipitato of 
morin and its ealeium salt which separates on 
cooling, and is neutralised x^ith the necessary 
quantity of sodium carbonate. Diazobenzenc 
sulphate i.s tlien added until a precipitate no 
longer forms, and this is collected and washed 
with water. It is sold in the form of a paste, 
and dyes chrome morflanl-ed wool ^n orange- 
brown shaflo. 

I hazobciizenc -maclurin (Bedford and Perkin, 
Chem. Soc. Trans. 1895, (i7, !)33 ; ibid. 1897, 
71, 18(1), ■wdiich crystallise.^ in salmon-red 

prismatic needles, m.p. 27U°C. (decomp.), has 
the following constitution : — 
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/ — ^OH. 
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Maclurin-pentainethyl-ether. 


CeHa-N^N 

It dye.s wool and silk direct from a weakly 
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acid bath, in shades of orange, and on mordants I 
gives colours varying from orange-red on ! 
aluminium and orange-brown on chromium, to ' 
olive on iron. The dyeings are fairly fast to 
washing. ‘ i 

With acetic anhydride it yields a tri-acciyl- 
derivalive only (\ 3 H 50 r,((;iH 5 N.j 2 *{(’ 2 H 30 ) 3 , 
orange-red needles, m.p. 240“ 24;i“(\ (deeomp.), 
which ih in keeping with the fact that azoben/.ol- 
pliloroglucinol yields only a mono-aeetyl de- 
rivative when treated in like manner. 

Dis-azo compounds of maclunn have also j 
been prepared by coupling it with diazotised ! 
0- or p-toluidine, yi- in tramline, or suIjihamlK I 
acid, an^l tin* resulting compounds closely | 
n'scmble tne above deseiibed di.sazobeiizcmh | 
maclurin. 

Dyeing Properties of jt/oc/ari/i.- - With 
alummium mordant maelurm gives a pak^ yellow, 
wnb cliromium a yellow-green, and r^ith non a 
weak grey colour may be obtained 

A. (h 1*. 

MADDER. Madder i.s the ground root of (he 
Rubia timlorium (Linn.), which has been eiilti- 
vat('d for dyeing ])urpo,ses from a remote 
antiquity, so remote indi'cd timt. one is unable 
to say with certainty m winch countries it 
originated. It is know’n to havi' been employisl 
by the ancient h]gyptians, Persians, and Indians, 
probably by the last in the lirst instance, and 
more recimtly by llu' ancient (rreeks and 
Romans. About the time of (he Crusades the i 
cultivation of madder was introduced into Italy j 
and probably also into Pianc'e. The Moons 
cultivated it in Spam, and during the sixteenth i 
century it wn.s brought to Holland, (’olbert j 
introduced it into Avignon in ItKiti, Prantzen ! 
into Al.sace in I72tt, but only townmls 17t)0-1790 
did it bcciome imfiortant. During the wars of 
the.*4le]mblic, its cultivation w'as largely aban- 
doned, and only afti'r 1815 did this again become 
regular. 

Owing to the beauty and fastness of the 
tints it yields, and the range in «‘oloiir that can 
be produced from it by a variation in the 
mordant, it was considered until recently as 
perhaps the most important of all dyestulfs. 
Although its commercial value has been greatly 
reduced through the introduction of artificial 
alizarin, it has still considerable scientific 
interest. 

The plant is ad herbaeoous perennial belong- 
ing to the natural family of the Ruhiacea-, and 
its valuable portion is entiix'ly the root, which 
is usually of considerable length but does not 
e.xceed an ordinary slat<‘ pencil in thickness. 
Old roots Kre richer m colour than young ones, 
and the plant is consequently left m the soil for 
at least 18 and sometimes for 28 months. When 
removed it is ^usually xvashed w'lth water, 
allow'ed to rli’y 5n the sun or artificially by 
means of kilns, then finel^v ground and packed 
ill casks. In certain districts it w'as stored in 
])its for several months before grinding, whereby 
its tinctorial power w^as said to be greatly 
enhanced ; but thevse and other rtdinements of 
its })rcparation are now of so little importance 
as to be hardly worthy of mention. The Voot 
in many c'ountries bears the name ‘ alizari ’ or 
* lizari,’ w hence we have the name ‘ alizarin/ 
Madder was principally cultivated in Holland, 
France, and Turkey, and to a less extent in 


I Belgium, Italy, and Germany, and North and 
South America, but the small quantity which 
enters this country is principally obtained from 
Holland. Perhaps no substance was submitted 
to so much examination by the older chcmi.sts as 
madder, and in many of the earlier works on 
dyeing much s])aec is occupied by a description 
of these researches. 

The isolation of the most important colouring 
matters of madder, alizarin, and purpuriri 
ciccurred as far back as 182() and 1828, and 
was duo to the* chemists Robiquet and Colin; 
buf it is doubtful wliethcr (hey were successful 
in C)b(aiiiing these substances in a state of 
chemical purity. Bv many of the earlier W'orkers 
it W'as eoiisiclered that tliese colouring matters 
did not exist as such in madder, but W'cre 
present in combination with sugar or some other 
suhstanee. About 18211 Kuhiniann extracted a 
bittc'i'-swcot yellow' amorphous compound from 
life root, and named it xuntlun, and a similar 
yellow' siibstunee was also isolated by Kunge 
and Watt. In 1848 Higgin observed that if a 
cold aqueous .solution of madder, w'hich has a 
elev]) yellow colour and an mtcuisely bitter 
taste, W'as allowed to stand for some time or 
W'as lieatcd to 50“, it, lost tlicse cbaracteristies, 
and a gelatinous flocculeiit ])recipitate was 
formed in w'hicli all tbc tinctorial jiowct of the 
original infusion icsulecb lliggin c-onsicIcTcd, 
therefore, that the xanthin ol madder must, 
dining this process, have Ix'cn eoinerted into 
alrzarin, and that tin* change w'as probably 
orouglit about by tlx* action of somi' ferment 
c-ontained in tbe madder, and extracted along 
with the xantliin by cold w'ater. Sonu'what 
later (1851) ISehunck isolated from madchu’ a 
substance w'hieli he called ruhian, as a dark 
brownish-yc'llow transparc'nt, amorphous hard 
mass, which by hydrolysis witli acicls or by the 
action of thi^ spc'cuil madder, feinumt, w'hich he 
termed ‘ erythrozym,’ w'as conveitcd into 
glucose, alizaiin, and other .substances. 

'I’lic next important step was due to Roeh- 
leder, who juejiared tlie alizai'in glucoside m a 
crystalline condition and named it ruherythnr 
ueid. It a])peaied to })Ossess tJic formula 
C.qIR.^Oji, hydrolysis could be repre- 

sented ac(‘()rding to the following equation : — 

Aliz^lin. SuRivr. 

Subsequently, Sehunek prepared a crysial- 
lincv compound, rubianie acid, which he regarded 
as an oxidation product of nibian, and which 
proved to be identical with the ruberythric acid 
of Rochledcr. 

Finally, this portion of the subject was 
exhaustivc'ly exammed by Liebennann and 
Bergami, wdio assigned tha formula C 2 flH 2 f(()i 4 
to ruberythric acid, and proved that its hydro- 
lysis vyitli ac id j^rcicecds as follows 

C’i4H,(),-f2C;iri20, 

For the preparation of the glucoside, madder 
(1 kilo.) IS extracted with boiling absolute 
alcohol (8-9 litres) for 2 to 4 hours, and the 
mixture filtered hot. The alcoholic extract is 
evaporated to about one-quartcu- its bulk, and 
on cooling a yellowish -brown crystalline pre- 
cipitate of the impure glucoside separates. 
After filfenug and evaporating the filtrate still 
further, crystals of cane sugar separate, and by 
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adding water to the remaining alcolioiic solution 
impure alizarin is precipitated. In this way, 
according to Liebermann and Bergami, 1 kilo, 
of madder gave 

Impure glucoside . . .^0-60 grams (5-(> p.c.) 

„ sugar . . ir>-30 ,, (r5-3 „ ) 

,, colouring matter 30-40 ,, (3-4 „ ) 

imi)uro glucoside, which becomes 
resinous on drying, is dissolved in water, the 
solution is jirecipitated witli lead acetate, 
tiltercd, and the filtrate treated with basic lead 
acetate. The jmik-eohmrcd jirecijiitate is well 
washed, suspeudt'd in ^vater, dt'composed with 
sulnhuretted hydrogen, and the lead sulphide, 
which contains also tlie libc'raded ruhorythric 
acid, 18 collected and washed with cold Avator. 
The ruhorythric acid is lemoved from the lead 
sulphide hy mt'aiis of boiling aleoliol, the yelloAV 
extract is partiallv evaporated, Avater and soiiic 
quantity of barium hydroxide solution aie 
added, and, afli'r liltermg ofl a AvJiite preeijn- 
tate, an excess of harium hydroxide is added 
to the nitrate, 'fhe dark cherry-i-ed precipitate 
of harium rubeiytlirate is dissolverl in acidic 
acid, the solution is hlteri'd, ha rely neutralised 
with ammonia, and tlu'ii treati'd with basic lead 
acetate, 'flie resulting red precipitate is 
Avashed AVith alcohol, susjiended in alcohol, and 
deeoniposi'd bv hydrogen snljihah', and the 
liquid and precipitate together are hi'ated to 
boiling and tiltered hot. On cooling, llui 
amber-coloured solution }i<'kls pah* yellow 
needles of ruherythru: acid Avhieli are reerystal- 
lised from hot Avater. The latter jiortioii of this 
process, employi'd by Ladiermaini and Hcrgami, 
is due to Pvoehleder, 

Huberythne acid erystalJises in silky needles 
of a ]mrc yellow colour, melts at 2.■)8“-2t)d'^ 
and Avhen strongly heated yields a sublimate of 
alizarin. It, dissolves in caustic alkali solutions 
Avitli a cherry-red colour, winch on boiling 
changes to violet, and on aeidilieation yielfls a 
precipitate of alizarin. With potassium car- 
bonate solutions, dark red needles of potassium 
ruberyihiale arc produced. Jluberytline acid 
is not precajiitatcd AVith lead aeetati*, but basic, 
lead acetate gives a red lloceulent jirecipitatc. 
It possesses no dyeing power. 

By tl*e action of sotbum* acetate and aei'tic 
*aiihydride, Liebernninii and Bi'i-ganu obtained an 
(X'toardi/l derivative t' 2 BHyQt)g(C 2 H 302 )H, Avhieh 
crystallises in yclloAV needles, melting at 230'^ 

, {Sehunck and MarehleAVski, by means of the 
method of Schotien and Baumann, obtained a 


consisted of a"* brown amorphous mass. Tnder 
its influence, ruberythrie acid is hydrolysed 
Avith formation of alizarin and glucose. This 
reaction no doubt takes place in the incom- 
pletely dried root on storing, and it is evidently 
due to this fact that madder avas said to dye 
more readily after this treatment. In dyeing 
[ with madder, moreover, the presence of this 
I enzyme will no doubt exercise a beneficial 
' effect, because as it is frequently the practice 
to employ a cold dye-bath and then to gradually 
raise the tcmpi'ratiirc, hydrolysis of the glui'oside, 
wdnch is itself devtiid of tinctorial property, 
will thereby occur with formation of the 
colouring matter. • • 

I'hough purpurin is eonsidi'red to exist in 
madder in the hu'm of glueosido, such a com- 
pound has not yet been ist'lated, and some 
uneorlainty exists on tliis jioint. Ilunng some 
ex]>eriments earned out by JYrkin, it was found 
that an alcoholic extract of madder, on standing 
ill cold Ai'catluT, deposited a considerable 
quantity of canc sugar eoutaminated with a 
led jireeipitate. 'I'his latter Avas soluble in 
water, and on treating the solution with cold 
dilute acid, gave a jireeipitati* of impure purjuiriii 
and ajqieared to consist of an acid euleium salt 
of this substance. On the other hand, it was 
not ascertained whether all variet ies of madder 
behave similaily in this respect, and the matter 
reqinre.s further luvcstigation. Bresuming, how- 
ever, that a ]»ur])uriii glucoside is present in 
madder, it is evident that this eomjiouml is far 
less stable than ruberytline arid, and is hydro- 
ly.si'd by dilute acids at a lempcrature at which 
the latter is iiiiaffeetcrl. 

Korr’s JTux’ess for 'hie Extoaotion of 
Madder. « 

Based on tliis a.ssumption, the commercial 
jirocess of Kopji was devised, and this is specially 
interesting as it affords a fairly oompicto method 
for the iwjlation of the jihcnolic constituents 
of this dyi'stiiff. 

(iround madder is extracted with a cold 
aqueouH solution of sulphurous acid, and the 
solution, after addition of 2 3 p.c. of hydro- 
chloru'. acid (33 p.c.), is heated to 00^ A red 
lloeculcnt precipitate of jnirpunn is thus thrown 
down whudi was eolleeted, A^t^Hhcd, dried, and 
sold under the name, of ‘ eommereial jmrpurino ’ 
or ‘ Kopp’s purpurme.’ This [iroduot was until 
recently prepared to a very small extent in 
Erance for the manufacture of a rose-red lake. 


hexnh(' nzoyl ami a hcpidhcnzojfl comjiound. The 
fact that ruberyihne acid gives an octoaeetyl 
derivative renders two eonstitutioiis possible 
for this substance, viz. : — , 

(1) C HO 

( 2 ) 

and of these the second is more piobably correct, 
as an explanation is thus afforded of the well- 
characterised red-coloured salts Avhich can be 
obtained from it. 

Enjihrozjfm^ the madder enzyme, was 
obtained by Schunck by extracting madder wdth 
water at a Ioav temperature (38°) and precipitat- 
ing the solution with alcohol. When ^ied, it 


and for this ])urposc gi\'es results differing m 
some respects from those jiroduccd by the 
artificial dyestuff. 

Kopp’s purpuiiiie, in fact, is not pure 
, purpurin, but consists mainly •if a mixture of 
this colouring matter with three other sub- 
stances : /wcwrfd-purfurine, purpuroxanthin, 
and purpuroxanthin carboxylic acid or mun- 
jistin. 

/Vitdo-purjiurin was first isolated from 
Kopji’s commercial product by Schiitzenberger 
and ^ehiffcrt, but the fact that it consists of a 
jjurpunn carboxylic acid is duo to the investiga- 
tion of RoscnstieliJ. Jt consists of small red 
prismatic needles, and differs from purpurin in 
. that it is more readily soluble in benzene. It 
I melts at 218°-220° with evolution of carbon 


VoL. IV.-iT. 


N 



178 


MADDER. 


dioxide and formation of purpferin, and this 
decomposition is said to occur gradually at 
from 180^-196°. Purpurin is also produced by 
boHijng p.»wdo-purpurin with dilute caustic 
alkali, or hy long boiling with water or alcohol. 
The constitution of p.sTMdo-purpurin is repre- 
sented by the following formula : — 


presence of sulphuric acid, and possesses the 
following constitution : — 




Ac(!ordiiig to Plath, the dimethyl ether 
melts at 178 -180';, and the diacety] derivative 
(Liebennann) at 181^-184'^. 

J’uipuroxantbin dyc's aluminium mordanted 
fabrics a yellow colour (Schutzenberger and 


It may be juepaivd syntlielieally (1^ R. 1’. 
2()07(ir)) ,l)y dissolving 1 : 2 dihydroxyanthra- 
quinone-3-eavboxyhc a(id — 



OH 

m”" • 


in 20 parts of sulphuric acid and slowly treating 
the solution at 15” 20^ with (l-.VO-d: parts of 
inangaTKise dioxide. Jn ])laci' of the 1:2- 
dihydroxy the 1:4: li-dibydroxyearhoxylic acid 
may be employed (0. It. P. 272301), in winch 
case the 2-hydroxyauthradiquinone carboxylic 
acid is the first prodiu't of the reaction — 


0 


u .. u 


OH 

(U)OH 


44iiri by means ol sodium hydrogmi suljdntc 
solution IS reduced to /isrin/o-pui piirin 

Jt IH interesting to observe that an isomenc 
compound which is obtained by the (.\idution 
of alizarin carboxylic acid, and for winch also 
the two formulse — 



are possible, difieis markedly from pMndo- 
purpurin, and is an excccdmgly stable compound 
(Perkin and Cope) 

Purpuroxanihin or xanthopurpuriii, which 
forms glistening yelloiv needles, melting at 
2G2”-203”, is a tbhydroxyanthraquinone isomeric 
with alizarin, and was isolated from Kopp’s 
purpurino by Schiitzen'KU’gor and Schiffert. 
These authors also found that purpuroxanthiu 
can be iiroduccd by digesting purpurin with 
phosphorus iodide and water, or by the action 
on it of a boiling a.lkahne stannous chloride 
solution. The reverse action occurs, according 
to Roseustielil, when an alkaline solution of 
purpuroxantliin is boiled with excess of air, 
purpurin being thus produced. Purpuroxanthin 
was synthesised by Noah by heating 3 : 6- 
dihydroxybenzoic acid with benzoic acid in the 


SehilTert). 

Piirpiirox((-vf}ii7i cnrhoxylic ficid (munjistin) 
was discovered by Schunck aiul Konier in the 
crude purpurin. It erystalliF)es from acetic 
acid in golden yellow leaflets, melts at 231°, 
and dissolves iii alkaline solutions and ammonia 
with a red coloration. Hy heating above its 
melting-point or by boiling with alkalis, it is 
converted into ]»iirpuroxanthin. It has not 
been })reparod .synthetically, but probably con- 
tains its carboxyl group in a .similar position to 
that jiresent in -purpunii. It is said to 

(lye aluminium mordanted fabrics an orango- 
hmI colour, which is, bowi'ver, not fa.st to the 
aclion eitJicr of soap or light. 

(h'cfu alizarm. 'i'ho siilpliurous acid liquid 
from whic.h the ])iirpurin prccipitatij has been 
removed is boihnl for 2 boiiis, wlien the nibery- 
thric, acid and certain otlier gluoosides present 
are hydrolysed and a deep green precipitate 
separatcb. 'Phis at one time was a commercial 
article, and was known under the name of 
‘ green alizarin.’ 

('hlororuhin . — The green tingo of this product 
aiises from the presence in madder of a con- 
siderable (|uantity of a pi'cuhar substance, 
possibly a glucoside, t('rniod chlorogeiiin or 
rubichloric acid, but little or nothing is known 
of its chemical nature. It is also present in 
chay root, inorinda root, in certain species of 
(jalium and in the Gardema grandiilora. I’his 
compound, which has been obtained in the form 
of a colourless syrup and to which the formula 
Oi4HyO, has boon assigned, on digestion with 
boiUiig dilute mineral acid, i.s converted into 
chlororubiii and formic acid. Chiororubm con- 
sists of a dark grd.iii amorjihous powder which 
18 insoluble in all the usuivl solvents, but dis-* 
solves in alkaline solutions with a blood-red 
colour. 

Yellow alizarin . — In order to obtain this 
product, the dried and finely powdered ‘ green 
alizarin ’ was extracted at 150° with petroleum 
(toluene or coal-tar solvent naphtha is more 
suitable for laboratory purposes), by which 
means the alizarin and other phenolic con- 
stituents pass into solution, whereas the chloro- 
rubii^^ remains undissolved. The petroleum 
extract after cooling is agitated with 10 p.c. 
caustic soda solution, and the dark yiolet- 
coloured alkaline liquid thus produced is 
removed and neutralised with acid. The bright 
yellow precipitate was collected, washed and 
dried, and sold under the name of * yellow 
alizarin.’ 

The aUzarin prepared in this manner is not 
completely pure, as it contains a small quantity 
of a mixture of non-tinctorial substances, which 
are derivatives of onthraquinone. To remove 



MADDER. 


m 


the«e, an alkaline solution of the ‘ yellow 
alizarin ’ ia treated with milk of lime, which 
precipitates the alizarin in the form of its 
calcium compound. This when collected, well 
washed, and decomposed with acid, gives a 
veiy pure alizarin which is best crystallised j 
from solvent naphtha. | 

If the reddish-brown filtrate from the | 
calcium alizarate is neutralised with acid, a ' 
small quantity of a dull yellow precipitate , 
separates which is approximately equal to I 
0*02 p.c. of the madder employed. A pro- 
lirainary examination of this product indicated ! 
that it consistc'd of at least four yellow crystal- 
line substances, with no special properties that 
would permit of their ready seiiaration. 

Schunck during his examination of madder 
obtained various yellow erystalline and amor- 
phous products by the action of acids and alkalis 
on his nibian. The individuality of most <4 
these substanres, to which the names nibirciin, 
verantin, rubiadin, ruhianin, rubiafin, rubiagin, 
ruliiadipm, rubidehydran, ruhihydran, and 
rubiacie acid were assigned, has been doubted 
by later wriiiTs, and hut one of t hesi'- - namely, 
ruhiadm— has been eharai terisial On the 
other hand, it is (|int(‘ possible that eerlam of 
these may exist in the mixture of yellow non- 
tinctorial sulistances jirovioiisiy nderred to. 
For a (h'scnption of Ins eoinjiounds, the original 
jiapers of Schunck shouki be referred to. 

Hubindin (jluccmde (Schunck and March- 
lewski).— Madder is extracted with boiling 
water, the solution preoijutated with lead 
acictate, and the liltrato treatinl with ammonia, 
by which means a second lead ])recipitate is 
formed. 'J'hc latter is deoonqiosed with sul- 
phuric aciid, the lead sulphate removed, and the 
clear liquid boiled with addition of hydrochloric 
acid. A dark given preeqiilale separates, only 
a portion of which 5iissolvt>s in boiling aktobol. 
On treating the alcoholic extract w'itli lead 
acetate, the alizarin present can he rcniovt‘d, 
and addition of baryta water now precipitates 
the barium salt of the rnhiadin glucoside, which 
is decoiniiosed by dilute liydrochlorie acid. I 
It cry’4allise8 from alcohol in eitron-yellow' | 
needles, melts at 270" with decomposition, and 
when hydrolysed by acid gives rubiadin and 
glucose “* * 

Pcni<i,-accUjlriibladt n gJ iico-iidf, yellow neiHllys, 
melts at 237". 

According tt» A1 archie wski, the constitution 


290 ®, soluble in alkalis with a red coloration. 
By oxidation with chromic acid it gives phthalio 
acid. Rubiadin, according to Schunck and 
Marchlewski, is a methyl purpuroxaiithin and 
possesses the following constitution : — 



Itubiacin (Kunge’s madder orange) is a 
yellow orystalliuc siihstanec' obtained directly 
from the madder root, and is formed, according 
to Schunck, by the dc<‘oin position of a«gkicoside. 
It Ktqiarati's in sniall quantity frt'im an infusion 
of madder made with only a little cold water, 
after it has heeonie sour by 12 hours’ standing. 
It crystallises in the form of plates and needles, 
having a. sfrong reddish-green lustre. Alkalis 
dissolve it with a purjile colour. 

'I'lio following table illustrates the analysis 
of inadilei by the suliihurous acid extraction 
method : — 

Madder is exlrartvd with dihito sulplmrous acid solut ion 
and tl»<* extrai't lioated to 00°. 


I’rccipitati' consists of I'llt-ral'C in digesti'il with 
Purpurln, • bollinu dlluie llgSOi, 

rseudo-jnirpurin, and the resulting precl- 

1‘urpuroxanUiin pit ate ot green alizarin 

carboxylic acid, evtraeted with boiling 

J’lirpuroXiinUiin. toluene or petrolouin. 


Chiororubln ieinain.s The toliiene extiact is agitated 
uiuliBsolvod. with eaustlc soda solution, 

and tiio alkaline liquid is 
tie.ited with baryta water. 


Precipitate eonsists of cul- I'iltiate on aeidifleatlon gi^fa 
cinin alizarnt(', vhlcli a i>rr‘eijiitrite of yellow 
wlien dceoinpohi'd witii nnn-tinctoilal derivatives 

iKdd gives allzurin. of antlunquliionc 


(k)MMElfc’IAL IhlErAKATlONS 01*' MADDfSK. 
The prineijial of these were; (laraiiciiie, 
(.laraneeiix, Flowers of Madder, Commercial 
Alizarin or ITiicoflin, and Madder extract. 

Garannw -. — ^'Fhe preparation of this product 
results from the observation in 1827 of Robiquet 
and Colin, that by treating ground madder with 
an equal weight ot concentrated sulphuric acid, 
the various principles of the madder were 
j destroyed with the cxcejition of the colouring 
I matter alizarin. Wc now know further that 


of this glucoside is best expressed as follows : 

CH.,OlI actum of the acid. This first prpcTuct was 

j “ tonriod chorhon Hulphurigne^ hut soon the 

(kjj ^JJ|^ method of its preparation was slightly altered, 

I ' and it then received tlie name gdgunciiw. 

, Carancinc is made by mixing, in a wooden 

/ I tank with false bott#m, 100 kilos, ground 

/ CH‘f)H madder, 1000 litres water, and 2 kilos, sulphuric 

()/ / ' acid, 108"Tw. (sji.gr. 1-84), stirring up and 

''' CH-OH /X allowing the whole to macerate for about 12 

\ j I I 1 hours. The liquid IS then^rawn off, the residue 

' OH— O -I J 1 J j mixed with a little water and 30 kilos, strong 

Y \c()/^\/ I sulphuric acid, and the whole boiled for 2-3 

I ■ hours. After running off the acid liquor, the 

^ j garanciiio remaining is washed with water till 

Rubiadin, prepared by the hydrolysis of the ! free from acid, drained, pressed, dried, and 
glucoside, forms yellow needles, melting about i ground. 


the glucoside of the root is decompoHod by the 
action of the acid. This first product was 
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The colouring power of garancine is three to I 
four times that of good madder, it dyes more J 
readily, giving yollower-toned reds and pinks, 
and greyer lilacs. 1'hey are not quite so fast 
to soap as the madder colours, but since, in the 
case of printed calicoes, the unmordanted white 
parts are not so much soiled in the dye-bath, 
the o])eration of soaping can be omitted. 

Oaranc^MX or Spunl Uarnwiw’ was introduced 
in 1843 by L. Schwar/ of Midhouse. It was 
simply a low quality of garancine prepared in 
the above manner from the sjieiit madder ol 
the dye-baths, and made by each calico-printer 
for himself, by wav of economy. Its colouring 
jjower iH*aV(nit one-fourth that of good garancine. 

Flowers of Maddf'r was first made in I Hoi 
by Julian and Jiogner of Sorgues. It can be 
prepared by mac.erating ground madder for 
several hours with cold water vm-y slightly 
acidulated with suljJiunc acid {l-2’]).e. on the 
weight of madder), then waslimu, draining, 
pressing, drying, and grinding. In this manlier j 
all soluble, mncilagmous, and sugary mat ter, ke., • 
is removed, decomjiosition f)f the gluijo.sido by I 
fermentation occurs, and the residue has nearly 1 
double the eoloiinng ])ower of the oiiginal | 
madder. The waste liquors were neutralised, j 
allowed to ferment wdth the addition of yeast, > 
and then distilled to gam tin* alcohol. 100 i 
kilos, madder yielded 45 bO Kilos, tlowers of j 
madder and lOhtri's alcohol, suitable for making I 
varnish, i^c. ' 

Commvrc'iol AUzorin, or Finrojjin was intro- 
duced m 1852 by Schunek and IhncolT, who pre- 
pared it by submitXing ordinary garaneine to 
the action of high pressure and sujierheated i 
(ISO'^CI ) steam. By this treatment the verantin ! 
and rubiretm iiresont in the garaneine were said j 
to lie destroyed, while the ali/.arm remained ' 
inuict, and the product yielded in coris(‘(|ueu('e ^ 
more brilliant imrjiles, and less soaping was 
required to clear the whites or iininordanted 
portions of ju-inted calicoes. 

Madder A’r/iac/s',-— Already in 183‘> attenijits 
were made by (laudiii to apply mordants along 
with the colouring matter of madder directly ' 
to calico, 111 the form of an evtraet, i.e, os a ! 
steam-coloiir, instead of by dyeing, and in 1837 , 
Gastard succeeded m doing this .suecessfiilly on i 
a largo scale by means of a ]>roduct named j 
« colon ne. 'fhe expense, however, of this and 
other early madder cxtraists retarded their ] 
application, but their utility having been clearly ' 
demonstrated, the endeavours of numerous 
chemists wx*re directed to theii production in a 
rcasonab'y cheaj) maimer. Madder extracts 
consisted of variable mixtiire.s of the two 
colouring matters of madder, alizarin and 
purpurin, or of each separately, in a more- or 
less pure condHmn. By the introduction of 
artificial alizarin, pist when their manufacture 
had been perfected, thi^'y h^st all tlieir import- 
ance. The following were the cliief methods 
of production employed. 

Schutzenberger's process consisted in first 
extracting all the puirhirm from ground madder 
by water heated to 55®C., and afterwards 
dissolving out the less soluble alizarin from the 
dried residual madder by means of wood-spirit. 
The aqueous solution was precipitated by lime, 
the washed calcium-purpurin lake was then 
decomposed with hydrochloric acid, the liberated 


purpurin collected and washed, when it w^ 
ready for use. The alcoholic solution of alizarin 
was merely precipitated by water, collected 
and w'ashcd. Alizarin and purpurin extracts 
were thus obtained. 

Paraf’s method (18ti8) consisted in extracting 
madder wdth suiierheatcd water, with or with- 
out the addition of a small quantity of alum or 
sulphurie acid, tJien collecting and washing the 
floccnlerit alizarin jireeipitato which separated 
out on cooling. 

! The modes of ])repaiing Kopp's ‘ pur- 
! luirine,’ ‘ green uiizatme,' and ' yellow alizarine ’ 

I have already bemi given. 

I IVniod's madder-extract, once largely used, 

I M'as pre])ared by extracting garancine w'ith 
j boiling water very slightly aciditied with sul- 
! ])huric acid, collecting and washing the jirecipi- 
i tate throw'll di>wn on cooling, and extraiding 
l,he dru'd )ireei])ii,ate with boiling alcohol. After 
recovering the major portion of the alcohol by 
di.stillaf ion, the remaining solufiim was mixed 
with water, and tlio jirecijutated alizarin was 
collecti'd and washed, 

USK OF MaOOFR li'l DlFlXO. 

I’revious lo 1871) madder and its deriv.ifive 
garancine were the dyestuffs jxir racelkncc of 
the ealico-]>rinfor and Turkey-red dyer. 

l\y the former, it was usi'd because of its 
charaeteristie iiroperly of yielding a \ariety 
of colours with the aluminiuni, tin, and iron 
mordants, viz. rod and pink, orange, lilac, and 
black ; also brown or eliocolate, by employing 
a mi.xture of aluminium and iron mordants. 
Further, all these colours are fast to soaj) and 
light. T<v the calico-] innter both the alizaiin 
uml the purjHinn of the madder were of use, 
fhoutih undoubtedly the alizarin w'ould, m 
mo.st styles of work, be fliC essential colouring 
niatti'r. The. Turkey-red dyi'r employed mad- 
rlci, and aftcrw'urds garancine, because they 
yielded, by bis peculiar process, the most 
brilliant and most permanent red on cotton 
which was known. In this case the alizarin 
w'as the all-iin])ortant colouring matter, sineo 
the purpurin, although fixed on the fibre at 
fiist, was more or less removed during the 
o])erations of cle))ring. Alizarin, in' conjunc- 
tion with alununiiim and *"011 mordants, gives 
a bluish-red and a comparatively bright lilac ; 
pi>r])urin, a yellowish-red and a greyish-lilac, 
rcs])ectively. 

The method of ap])lying madder in 1’urkey- 
recl dyeing was similar to that now employed 
in the ease of alizarin. 

Another interesting feature in connection 
with the ajiplication of this dyestuff is that, if 
the madder was deficient in lime, it was neces- 
sary to add a certain jirojiortion of chalk to the 
dye-bath ; it now apjiears tliat calcium is a 
' normal constituent id the madder colours, 
i cs])ecial]y tho.se obtained wdth aluminium and 
j iron mordants. 

1 Madder ha.s also been used in the past, and 
' is even now employed to a small extent, by the 
indigo dyer and the woollen dyer. 

Literature . — Robiquet and Colin, Ann. Chim. 
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()6, 174; 81, 151, .344; 87, 345, 351 ; Rnhunek 
and Romer, Ber 10, 172, 551, 790; Debus, 
Annalen, 00, 351 ; \Vo1If at)d Rtreckcr, tlnd. 
75, 3; K Moy, ibid. 51, 340; 11. Kuechlin, 
ibid. 50, 344 ; Sohiol, ibid. 00, 70 ; Do Lalande, 
J. 1874, 480; E. Kopp, Hull Soc. Ind. Mulh. 

1 801 ,31,0; 1 807, 37, 437 ; Hodiloder, Annalen, 
vSO, 323 ; 82, 207 ; iSchwai'z, ibid. 80, 333 ; 
Willigk, ibid. 82, 330 ; Sknihouso, ihid. 130, 
341, 343; Hulloy and Rosa, Dingl. poly. J ah t. 
171,410; Streckor, ,1. 1808, 470 ; Hosenstiehl, 
Bor. 7, 1540, 10, 1178; Lieberinann and 
Bergami, Ber. 25, 2241 ; Liebermann and 
Plath, Her. 10, 1018; LiiduTmann and Ene^- 
Ijinder, Bor. 20, 2851 ; Scliunc'k and Marehlew.ski, 
('hem. Soo. 'rrans. 03, 000. 1137; 05, 182; 
Gmelin, Handb. 10,32; 14, 120; INnkin and 
Cope, diem. Soc. d’raMs 05,848. A. (!. P. 

MADDER CAMPHOR V . ('amphors. 
MADDER LAKE e. LAKii^. 

MAFOUREIRA NUT. A nut im|)ort.ed fr<»m 
Portugue.so East Africa containing about 00 jt.c. 
ot fat, solid at ordinary ttunpeiatures and con- 
sisting mainly of palmiiiti and olein, togfdlier 
with some free f.'itty .n ids, eliK'fiy oleie aeid. 
Used in the manufaeiiiro of liibrieants, soaj), and 
candies. 3’he supply is praetieully unlimited, 
the tree bi'anng the nut growing wild all over 
the country, 

MAGDALA RED r . Azinks. 

MAGENTA r. 'I’riphenyi-metuakk roLouR- | 


rhombohedron is 72® 30' (the corresponding 
angle in calcite being 74® 55'). Sp.gr. of crystals, 
3*02 ; hardness, 4. Of the massive material 
there are two distinct varieties — erystallinc and 
compact. 'I’he former consists a sjiathose 
aggregate, showing bright cleavage .surfa6E8, of 
varying degrees of coarseness, ami sometimes 
so tine as to resemble a saoeliaroidal marble. 
The compact or cryptocrvstalline variety, some- 
times de.scnbed as amorphous, is snow-white 
and has mueh tlie appearance of chalk or 
unglazed porcelain ; this has sp.gr. 2*9 to 3*0. 
Anaivses of massive material show 85 to 9() p.c. 

' Mg(3).„ with ealcium and iron carbonates and 
j often (especially in the (!onipaet variij|t>) a little 
j silica. A ferriferous variety of the s[)athose 
1 form, known as breiimieritc or brown-spar, 
contains 5 to 30 p.c. Kcf'Oa isomorphously 
replacing magnesium carbonate and forms 
passage llAough mi'sititc (ij.r.) to ehalybite ; 
liero the sp.gr.' ranges uj) to 3*2. 
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I. ( 'onipact inagneHite from Eul)(ea(A. ('hris- 
toinaiioM, 1903). 

II. (,'onipaci magnesite from Chalk Hills, 
Sulem (11. 11. Dains, 1909, also HgO O’bO). 

III. (Jomiiai't magnesite from Alameda 
claim, Santa (Mara Co., (;alifornia (F. Tj. Hess, 
1908) 


TNOMVTTKKs, j IV. Crystalline, marhle-like magnesite from 

MAGISTERY. M’ho term magi.story was eni- i Valley, Stevens (M>, Washington (U.S. Geol. 
ployed by the ohjer ehemisis to denote the I Survey, 191 8), • 

white jnvcipilatf^s which form on the addition of j V. Crystalline magnesite from St. Kathrcin, 
water to .^tron^ly aeiditiod solution.s of certain j Styriii (C!^ v. .Tohn, 1907) 

metals. • | VT. Cry.stallme breuiinerite from Veitsch. 

MAGISTRAL. An old medical term .signify- ; Styria (R.» Banco, (juoted liy K. A. Redheh, 
ing a sovereign remedy, employed by the j 1914; also MnO 0*53). 

Sjianish smelters of Mexico and South America | M’lie compact variety of magnesite oeeurs aa 
to the roasted and jiowdered eo])per pyriti's, ; an alteration jiroduct of serpentine rocks, in 
which IS added to the stam])e(l silver ori's m the j which it forms veins, interlaijing networks, and 
/orb/ or lu^ignia, obtained in the prdm jirocess »»f ! large irregular masses Deposits of this kind 
decomposing horn silver (e. *ii.vkr). are worked commereiiilly on the island of 

MAGMA. A ]^^ sty or seniiHuid mixture. I Rubma in the (Ireciaii Arcliiji^lago, the 'Chalk 
Applied in medicine to the residuum obtained Hills ’ near Salem in Madras, at several places in 
after cxjiressing certain substances to extract (lalifuriiia, M'ransvaal, and m Ibedmont; and 
the fluid parts of them, or after treating a sub- several other localities are known. M’he spatliose 
stance with some raenstruuni ; a thick ointment variety of the mineral occurs as beds and lenti- 
or confection ( Dunglisoii). AVc afcc Lava. cular masses in inetamorjihosed sedimentary 

MAGNALIUM. An alloy of magnesium and rocks, in a.ssoeiation with limestone, dolomite, 
aluminium (e. Aluminium). and spathic iron ores; and has probably 

MAGNESIA ALBA. A hydrated basic mag- originated by the action of solutions of raagne- 
nesium carbonate (r. Maonemtui^. sium salts on limestone. Depotits of this ty])e 

MAGNESIA NIGRA. An old name foruativo ] are worked at (rrenvillo in Quebec, Stevens (Jo. 
manganese dioxide (f. Mancianese). in Washington, and irf Austria. M'he Austrian 

MAGNESITE (Fr. (hobe.rUfe), A miiUTal dejiosits extend from the M'yrol into northern 
consisting of magnesium carbonate MgtJOj,, and Hungary with a maximum development in 
belonging to the ealcite group of the rhoinbo- Styria Here the prodommating mineral is the 
hedral carbonates. M'o Frencli mineralogists it breunricrite variety. • 
is known as giobertite or baudiss(*rite, the name IViagnesite is used for the preparation of 
magnesite being applied by them to meerschaum, Epsom-salts and other salts of magnesium, and 
Crystals are of rare occurrence : they usually for the production of carbon dioxide. Calcined 
have the form of the primary rhomboliedron, magnesite is made into refractory bricks for 
parallel to the faces of which are perfect cleav- lining basic steel furnaces and electric furnaces, 
ages, The a>‘gle lietween the faces of this For this purpose the feniferous breuniierite 
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variety has the advantage that it fiinters some- 
what when calcined. 'I'lie strong cement 
(oxychloride or Sorel cement) made by mixing 
partially calcined magnesite with magnesium 
chloride solution is employed for the construction 
of fireproof partitions,’ flooring, artificial stone, 
tiles, emery -whee.lK, grindstones, hthographic 
stone, A c. For this pnrjiose the compact variety 
is boat suited. Other applications of magnesite 
are in tln^ manufacture of ]ja]>er and jiaini, 
and as a non-eondueting covering on boilers and 
steam -pipes. 

Rffcrenccfi.- Magnesite {] 01 3-1 1)19), Imp. 
Min. Fes. Bur. London, 1920. 'i\ Orook, Mag- 
nesite aft '•aw material, Trans. English Ceramic 
Hoe. 1919, 18,07, W. Donald, Magne.sites and 
magnesite bricks, ihuL 1918, 17, 480. K. A. 
Redlich, Die Bildung des Magne.sits utul sein 
vatiirliches Vorkommen, Fv>rtBch jM”)- Krist. 
Botr. 1914, 4, 9. JI. Leitmeier and K. A. Ked- 
lich, Doelter’s Hnndbueli der Mineralehemie, 
1911, vol. 1. On Californian occurrences, .vcc | 
F. L. Hess, Bull. U.H. (lool. Survey, 1908, JMo. 
355; H. H. Dale, ?/nd. 19l4,No. 540. Canadian,! 
.vce M. E. Willson, Dept, of Mines, Canada, 1917, i 
Memoir, No. 98. Houtli African, ace B. A. i 
Wagner, S. Afr. Jourii. of Industries, 1918. 1 
Indian, ftre C. S. Middleniiss, Bee. Geol. Survey ‘ 
India, 1890, 29, 31 ; II. 11. Dams, J Sia .t'heni. i 
Tnd. 1909, 28, 503; Eulxea, .svc ,1. Bogg, 3'rauh. i 
Jnst. Min. Engin. 1914, 40, 128; Western 
Australia, see B. Feldtmann, Geol. vSurvey, 
W. Austr. 1919, Bull. 82. T.. J. S. * ■ 

MAGNESIUM. Sym Mg. At.wt. 24*375 
Magnesium ajipcars to consist of three isotojms 
of massc.s 24, 25, and 2(>, whuli oecnr in the, 
proportion 0 : 1 ; 1 and give an average* atomic ’ 
weight of 24 375. The compounds of magnesium j 
most widely oce.urring in nature are imignrMte ■ 
h'rscnic MgSO^.HjD, kaiontc j 

MgSOpKOl.OHgO I 

C(irmlliic MgCL*K(l,OHaO, and the many 
silicates, as (;nf<}atitc, talc, mcerschiiUmy avgiic, I 
olivine, and serpentine. Together with calcium j 
it frequently occurs in huge mountain masses as { 
dofowi/c (Mg('a)C()g. The sulphate MgH04, 71 IgO i 
is one of the principal saline constituents of | 
many springs, and the chloride occurs in sea ' 
wafer. 

Preparation of the -Magnesium, in an 

impure state, was first obtained by Davy m 1808 
by electrolysis, and also by reducing the oxide in 
a current of the vapour of jHjtassium. In 1830, 
Busay obtained it in larger quantity and in a 
purer fo^m by heating anhydrous magnesium 
chloride to redness with potassium. On dis- 
solving out the residual chloridos the metal was 
obtained as a powder which could be readily 
fused into globules. Bunsen subsequently pre- 
pared it by electrolysis of the fused chloride, 
using a battery of ten Sdno-oarbon cells. The 
operation was conducted in a porcelain crucible, 
01 wliich the upper part was divided by a vertical 
partition, ground to the right size out of an 
ordinary crucible lid.'' The crucible was fitted 
with a tile cover, through which the poles « f gas 
carbon were inserted, one on each side of the 
partition. The negative carbon pole was cut 
like a saw, in such a manner as to form over- 
hanging ledges, under which the light magnesium 
collected, and was thus prevented from floating 


to the surface and burning at the high tempera- 
ture employed. 

; As the anhydrous chloride is difficult to 
, prepare, Matthiessen improved the process by 
j substituting a mixture of three equivalents of 
I potassium chloride with four of magnesium 
‘ chloride, A little ammonium chloride is added, 

, the mixture fused and electrolysed in Bunsen’s 
I ajqiaraiiis ; it is, however, unnecessary to cut 
, the negative pole, as t he inagnc.sium is heavier 
, than t he fused mixture. In small quantities, the 
metal may be readily obtained by electrolysing 
! this mixture in a clay tobacco pipe heated over 
' a lam}), the negative pole being formed by an 
i iron wire inserted down the stem, and the posi- 
tive by a piece of gas-carbon just touching the 
surface of the lusi'd mass, 

, Meninfarini' . — 'J'he first stejis towards the 

jireparation of magnesium on an industrial scale 
' were taken by Dev die and Caron, whose }')roeess 
essenliallj^ corisisled in heating a mixture of 
aidivdrous magnesium chloride, fluors})ar, and 
sodium In the earlier experiments (iOO grams 
of the fused chloride, 480 grams of Jinely- 
powdered fluorspar, and 230 grams of sodnim 
in small jiieees were emjiloyed The fused mag- 
nesium chloride is obtained by evaporating to 
dryness a mixed solution of magnesium and 
ammonium chlorides, and hision of the residue. 
Magnesium chloride alone cannot be fused with- 
out deconqtosdioM, hence the use of the ammo- 
nium chloride, which }vrevents this. 

'I’he dry mixture, in the }>roportions men- 
tioned, is then introduced into a red-hot earthen 
crucible and ilic covei pressed down by a weight 
while the* violent rea<“tion occurs. When all 
action ceases, the contents are stirred with an 
iron rod, which cause's the minute globules of 
metal to oonlo.sce. After being left to eool, all 
the magnesium may be collycited as a ball u}inn 
the rcxl before the melt hc'cnmes solid, d’ho 
metal is then hammered to free it from slag, and 
should amount to about threc'-fourihs of the 
tbeoretical equivalent of the sodium used. 

Woollier subsequently showed that the 
troublesome preparation of the anhydrous 
chloride may be avoided by using instead a 
mixture of magnesium chloride with one-sixth 
of its weight of so(|^ium chloride, or of.^ mixture 
of sodium and potassium chlorides. 

Deville and Baron also showed that the metal 
I may he distilled at nearly the same temperature 
i as* zinc, in carbon-lined v^esscls, in an atmo- 
i sphere of hydrogen, and were thus enabled to 
I obtain it in a very pure form, free from carbon, 

1 silicon, and nitrogen, 

I Sonstadt, in 1 803, introduced a few improve- 
monts in the process of Deville and Caron. An 
iron crucible was substituted for the earthen 
one, and the q^ixture used consisted of magne- 
sium « and sodium chlorides with one-fifth its 
weight of sodium. The heating was continued 
for about half an hour after the whole crucible 
has been raised to full redness. 

in a later patent, kSonstadt extended the 
whole process to a manufacturing scale, and 
adopted an enlargement of Deville and Caron’s 
j method of purification by distjllation. The 
! ‘ magnesium still ’ consisted of two wrought-iron 
j vessels placed vertically over each other ; the 
upper one served as the crucible, and was con- 
nected with the lower one, which aotedas receiver, 
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by means of an iron condensing tube, which pro- 
jected upwards into tiie crucible to within an 
inch of the lid. 1’ho whole apparatus could be 
rendered air-tight. The crucible filled with 
crude inagncsiuni to the level of the top of the 
tube was fixed in a furnaco and surrounded by 
fuel ; the rec('iver was fitted into a rec'css of the 
fire grating, and projccti'd below. Before eom- 
meneing the distjllidion. the wrought-iron lid 
was sorf'wed down, and the air displaced by a 
current of hydrogen or eoal-gas. The reeeiver 
was cooled by external ajiplication of water. 
The oriicihle was niaintnmed at an almost white 
heat until the ojieration was eoinplete. The 
whole apparatus was tlien lomoved from the 
lurnac(‘ and eooled ; on taking to iiieces, the 
magnesium was found as a solid mass in 
the receiver. 'Phis w'as then remelted and east 
into ingots. 

Magnesium was formerly prejaired on^ a 
large scale in this country by thi^ Magnesium 
Metal Company, at ratriiaoft, near Manebester. 

Von Biittner (Bug. Pat. 1031, .Tan 24, 1885) 
prepared the metal by a pioccss very like the 
reduction of zinc, which metal magnesium very 
closely resembles. 'J’ho magnesium mineral is 
first treated so that the metal is ]»re8ent entirely 
as oxide. This is then mtimately mixed with 
carbonaceous mailer, to wdiich may advantage- 
ously bo added oxide of iron, and heated to 
whiteness in retorts. The vaporised metal is 
eondensed and collected in receivers similar to 
those used in tin' zinc manufacture. 

Matignon (P. FI. 1013, 1157) obtained metallic 
magnesium by heating heavy magnesium oxide 
with aluminium ])owdor m an exhausted steel 
tube at 1200''’(i. The reaction is almost com- 
plete, the magnesium being deposited in a 
crystalline staf.e in the cooler part of the tube). 

(lerhard and Smith {Kng. Pat. Ifififil, l)ec. 
19, 1884) dcscrihf a process for th<i electrolytic 
deposition of magnesium as follows. Magnesium 
ammonium sulphate is pr(‘pared by crystaMising 
together 228 parts of niagnesnim snlpbale and 
132 parts of ammonium sulphate. 'Phis is dis- 
solved in 35,000 jiarts of water, and the electro- 
deposiiion is effected in this solution at a tern- i 
perature from 150^" to 212“^^^. If a white metal ' 
is dosijjgd, a nickel anode is employed ; for { 
magnesium bronze, a cojfpcr anode. In the j 
latter case the niRt suitable bath is formed by i 
dissolving 300 parts of magnesinm ammonium 
sulphate, 550 parts of potassium cyanide,* and 
550 parts of a rnnionium carbonate in 35,000 parts 
of wat-er. 

The electrolytic method has now superseded 
the chemical method. Briefly the details of 
the process, according to Borchers, are as 
follows. An anhydrous electrolyte consisting 
of chlorides having the opposition corre- 
sponding to the formula MlgCU'KCP^aCl is ! 
prepared by heating the crystallised salts in an I 
iron pan. Magnesium chloride cannot be used 
alone, as it decomposes on heating with the 
liberation of hydrochloric acid and the formation 
of oxychloride. I'his reaction takes place to a 
oertain extent in spite of the presence of the 
alkaline chlorides ; and if the oxide is not re- 
moyed,as also any magnesium sulphate present, 
the globnles of magnesium formed during electro- 
lysis fail to unite to form a clean metal. The 
sulphate is therefore decomposed afti fusion of 


the chlorides by stirring in some carbon or saw- 
dust, when oxide is produced. The oxide is tlien 
converted to chloride by the addition of am- 
monium chloride, when a clear bath should 
result. The fused mass is then emptied into the 
electrolytic cells, which arc usually of iron and 
form the cathode. The anode is a carbon rod 
surrounded by a porcelain cylinder and cap from 
which a tulx' passes for loading off the chlorine. 
The apparatus is kept in a furnace and the 
temperature is maintained somewhat above the 
melting-point of magnesium. The current 
density is about 1000 amperes per square metro 
with a pressure of 7 to 8 volts. The resulting 
motal and salts are poured into a^ryould, and 
after cooling the buttons of magnesium are 
separated and remoltod with pure carnallite in 
an inm omciblo, the toinjierature lining raised 
until the magnesium floats on the flux, and is^su 
liquated irorn imjmntK's. The magnesium is 
ladJi'd off, remoltod, and poured into ingots. 

According to H.S. Bat. 1258201 (('hem. and 
Me(.. Kng, 1919, 87) the chlorides of magnesium 
and potassium in a molten condition are olectro- 
lyseil, using a oarhon anode and a cathode of 
molten tin or copper. 3'he magnesium separated 
from the elect roly to is alloyed with the molten 
cathode, which is romovial when it contains 
snttioiont inagnosium for further treatment. In 
the second step the luaguesium alloy is used 
as anode, the oloeirolyte is the same nature as 
before excc'pt willi the addition of a heavy salt 
of an elcotro-iiositive motal such as barium 
chloride. In the second electrolysis magnesium 
enters into tboi solution from the impure anode 
and dcpimits in the cathode so arranged that 
the magnesium separated may float upon the 
electrolyte. In 1918 America produced 284,188 
lbs. of magnesium valued at $515,217, about 
three fifths of the total being sold as sticka»and 
two-fifths as powder. Its purity varied from 
99 to 99*9 p.c. 

The Bow ("hemical Co. uses magnesium 
chloride •for the manufacture of the metal. 
This cliloride is a by-product from its .salt and 
bromine industry in the Saginaw Valley, Mich. 
The hydrated magnesium (fiilorido, mixed with 
common salt in the proportion of 4 to 1, and 
with a small quantity of ammonium chloride, is 
heated in shallow vats over a slow coal fire to 
remove its combined wator.^ About 50 p.c. of 
the water is driven off in this way. The partly 
dehydrated mixture is removed from the vats,* 
cooled, and then completely dehydrated in a 
second furnaco at a higher temperature. Tlio 
metal is then produced by electrolysis of the 
fused magnesium chloride in a bath of sodium 
chloride and ammonium chloride. The elec- 
trodes used arc graphitised carbon, and electro- 
lysis takes place in cylindric#! sheet-iron cells, 
which serve as cathodes. 

The American Mtigncsium Corporation uses 
magnesite mined on the Pacific Coast, and 
calcined before shipment to the plant at Niagara 
Falls, N. Y. The electrolyte or bath is a npixture 
of fused fluorides, the »xido going into solution 
ar^ being decorapo.scd by the electric current. 
The slag is removed and the metal drawn from 
the furnaces at hourly periods and poured into 
small ingot moulds. The metal is refined by 
remelting the ingots in small retorts. Most of 
the magnesium now used is employed in 
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foundries as a deoxidiser or seavenger in brass, corrosion as aluminium, whilst it is superior to 
bronze, copi^er, nickel, and aluminium. It was J it in heat condiictivity, and equal to it in 
for a time used chiefly in the production of | electrical conductivity. The metal is barely 
flares, tracer bullets, and special explosives, and i attacked by a mixture of strong sulphuric and 
as a flashlight in photograpliy ; it is also used ] fuming nitric acids. 

in a small’ way m making alloys with other Magnesium has no action on pure water, but 
metals (H. W. Stone, U.S Gr*ol. Survey Report, in presence of a trace of platinum chloride it 
through ('hem. Trade Journ. Oclolxu- 8, i!»21, decomposes water rather quickly, evolving hy- 
434). drogen and forming magnesium hydroxide. 

te.'}.— “Magnesium is a biilhant wdnte Rowdered magnesium reacits with w^atcr of 
metal resembling silver. Wlien heatt‘<l m vacuo crystallisation, being most active with halogen 
to the tmnperature of the softening of porcelain salts. SnCl^,2H2t) and Ke/1g, 01120 show the 
it sublimes, and dcjiosits itself u]»on the cooler greatest activit}" Hydroxides of lead, calcium, 
parts of th(' vessel in hcautilul silver- white ' and aluminium winch contain no wat.er of 
crystals (Dumas, (Jompt, ri nd, flO, 1027). During crystallisation do not react even at 200". 
the heating* it- gives off about oni' and a half Platinised magnesium constitutes a good deoxi- 
times its volume of gas; 20 grams oi the metal di.sing agent; it reduces nitrobenzene, for 
yieldinl 12’.‘} c.e. ot hydroyen and 4 1 c e. of instaiiee, completely to aniline (Ballo, Rer. J(), 
carbon monoxide. The faces of the crystals are 004). Dilute acids rajiidly dissolve it with 
offen curved and the edges rounded the usual violent evolution of hydrogen; with dilute 
form is a regular hexagonal prism, thi' hasal . hydrochloric acid it inflames when first thrown 
planes being less hnlliant than the prism laces. ' in. Strong suljihuric aeui aots slowly, and a 
'rile angle of IIh' eorrcsjKuiding rhomhohedron is mixture of this acid with fuming nitric acid has 
80^" ,T, and is intermediate between those of zinc i no action upon it at ordinary temperatures, 
and arsenic (J)es (floizeaux, Gonijit. rend. 00, Solutions of caustic alkalis have no action upon 
1 101 ). Its sp.gr. IS 1 ’74- 1-75. It melts at 051' , it, hut, luaited with solutions of animoniuin salts, 
and the boilingqioint IS a little higher than that it evolves hydrogen and dissolves, forming a 
of zinc. It preserves i\H silvery lustr<‘ in dry double salt of ammonnim and magnesium, 
nir, but soon tarnishes in moisl uir owing to the , Aipieuu.s solutions, however, ot acid sodium or 
formal ion of a lilm of hydrateil oxide, it is jioiasHiiini carbonates, as w(4[ as solid ions of 
1‘eadil.v malleable, hut only duetili' at. high Imn- ' carbonic acid, dissolve the iiU'tal with p^olu^lon 
])eratures. Average eocllieient of e\])ansion of hydrogen (Ballo, Ber. 15. M0U3). Magnesium 
between 0" and 100°, 0-0O()O251l. On tlu' large burns when heated in chloime gas or bromine 
scale it IS usually pressed into wire w'hik' in a v.ipour, and especially brilliantly in the vapours 
state of .smni-lliiidity, and is f.lum freqiumtly ’’f sulplmr and iodine. It combines at deter- 
flatteru'd inlo ribbon, it burns when heated in miiiato tenipi‘iatnre.s, when in a finely divided 
aflame in air with an intense white light, veiy .state, with suljihur, ])hos])horus, and arsenic, and 
rich in the ehemieally aetivi' violet lays ; himee at a icd heat de(*om])oses oxides of carbon, 
its use in ])hot.ography. According to Ito.scoe, sulphur ilioxide, and many hydrocarbons, 
a biifiiiiig magnemurn win* ot ()’21)7 mm thick- Silica and boric acid are ri'adilv reduced by it. 
ness evolves as much light as 74 stearin candles It combines direetJy with nitiogen, forming a 
of wdiich five go to the poiyid. 'I’lie light of I erystalline nitride Mg.,N2. It preeipit ales nearly 
hiirning magnesium IS also emjilo.yed in signalling I ali the nu'tals from tlieii neutral solutions in 
and pyrotechny. Foi' the production the so. i the metallic state ; aliiniinium, uranium, and 
called ‘ Bengal hglits,’ the following mixtures : chromium as oxides. 

are rceomnieiided. Bor \ihiie (ire, I part shellac j Magnesium may lie advantageously em]>1oyed 
IS fused with G parts lainum nitrate, the fused 1 m plae(‘ of zine in toxicological investigations, 
mixture ground and mixed wulh 2 5 p.e, of [ ow'ing to its freedom from arsenic. It may like - 
jioAvdered magnesium J<"or red tire, J part j wise he used m, stead of ziiie m voltaic batteries, 
shellao is fused w ith 5 ]iarts strontium iiitratv, ■ owing to its higher elic tromolive force (jtoussin, 
and the ground mass mixed with 2*5 p.c. of J. Phnrm. (Hiim [iv.] 3, 41H).i' 
magnesium. These mixtures may either ho .4/foy.s.— .Magnesuim forms malleable alloys 
iinado into ribbons about a finger’s breadth or witlu ])otassium and sodmm, which decompose 
may be charged into thin zinc tubes so as to water at ordinary iempisratures. 15 jiarts of 
serve as torehos. On burning, the ziiie ca.se mngiiesuim form with 85 jiarts of tin a brittle 
burns along with tie* mixture. Star slulls arc la vender-coloured alloy, which also decomposes 
made of a inixture of magnesium powder with water. An alloy with 5 p.e. of thallium is stable 
barium nitrate and potassium nitrate, or the and more malleable than pure magnesium. 
magne.sium pow'der may first be mixed with a With mercury, it does not appear to form an 
certain proportior^of aluminium pow'der. amalgam at ordniary temjieratures. Alloys with 

'Phe strength of magnesium has been deter- aluminium, zinc, ‘cadmium, lead, bismuth, anti* 
mined at the mechanical cx^ieri mental station at moiiy, silver, gold, and platinum have also been 
Oharlottonburg, and shown to bo very consider- prepared (Parkinson, (.'hem. Soe. Trans 1867, 
able. Its breaking coeflicient for tensile strain 125) by fusing the metals together in a current 
per square mm. is 23-2 kilos. ; specific re.si.stanee of hydrogen, or by fusion in an earthen crucible 
to compression, 27*2 l^ilos. jier square mm.; under a flux of equal parts fluorspar and cryolite, 
bending strength, 17*4 kilos. At a temperature or one ])art fluor.spar with two parts of common 
of 450'" it can be rolled, pres.sed, worked, tSid salt. The magnesium is attached to the end 
brought into complicated forms. Hcrews and of an iron rod and well stirred among the other 
threads of magnesium are considerably sharper metal, otherwise, being so light, it would float to 
and more exact than those of aluminium (J. Soc. the top. Triple alloys are also obtained with 
Chem. Ind. G, 730). it is quite as resistant to bismuth and copper, copper and gold, and with 
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copper and nickel. Moat of theae alloya are 
brittle, and of little use in the arts. 

Magnesium and zinc form a single compound 
MgZiij and no solid solution (Compt. rend. 
1010, 904). Broniewski, from his investigations ; 
of alloys of aluminium and magnesium, comes 
to the conclusion that two definit-c compounds, 
AlMg and Al^Mga, exist. These form a con- 
tinuous series of sctlid solutions. ‘ Duralumin ’ 
is aluminium alloyed with a small percentage of , 
magnesium and copjier. Tt has the property of 
hardening, like sti'cl, on heating and quenching. | 
Magnesium alloyed with small amounts of zinc i 
gives a strong alloy whii'li can be wrought and 
rolled, and presents the Iracture of fine steel. 
It resists the action of air and water and (‘an be 
cast and turned hk(‘ brass and cop])er. ‘ Elec- 
tron’ contains 95 p.c Mg, 4-.5 p.c. Zn, and 
0-5 p.o f!n. Sp.gr. 1-78. The mechanical pro- 
perties of the alloy are; Yield point li^O, 
maximum load l()‘i-18*l, crushing hmd 23*0 
tons per sq. in., elongation 13-19 p.c. 

Alloys of magnesium and lead containing 
from 5 to ,50 ]).c. of magrie.sium and 95 to .50 p.c!. 
of lead when exposed to moist air rapidly 
absorb oxygen, and crumble to a black powder 
consisting of magnesium hydroxide Mg(DH )2 
and hydrated lead suboxido. Vbj,(()H) 2 . It has 
been suggo.stod that these alloys might be used 
for removing oxygen in gaseous nnxtmes as in 
the case of liydrogeii lor aire.raft ])urposes 
(Ashcroft. Trans. Faraday 8oc. 1919, 14, 271). 

Magnesium oxide. Mupmui. MgO. Tins i^ 
the product of the conibu.stion of magnesium in 
air or oxygen, it is also formed when the car- 
bonate or nitrate is heated in the air. As thus 
obtained, it is a white amorphous powder, but 
may bo obtained crystallised in cubes and 
octahedra by heating the amorphous form in a 
current of hydrogim chloride. If ferric oxide 
be mixed with ttie magnesia, brilliant black 
octahedra of magnoferrite Mg()‘F. 20 , are formed, 
together with oc tahedra of MgO, .slightly yt^llow 
in colour, due to oxide of iron, and iilentical with 
those of perichtfif, a mineral found at Monto 
Somma, near Vesuvius. Moissan obtained 
transparent crystals of magiu'sia, sji.gr. 3-G.54, 
by distillation of th(‘ oxide in the electric furnace, 
Ordinan^ magnesia is known in commerce as 
magmsm 'iisla or calcinefl magnesia, and is 
much used for medicinal purpo.ses. It is a fine 
bulky powder of sp.gr. 3*07 to 3*2. 'I’lie spgr. 
is increased to 3*()1 by heating in a pottery 
furnace. 

It melts at 2800° (Kanolt, J. Franklin Inst. 
1913, 176, 587), and on solidifying forms a hard 
enamel, which scratches glass. It is alkaline to 
litmus, but is not caustic. It ks almost insoluble 
in water ; according to F^esonius, it requires 
55,368 parts of either cold or boiling water to 
effect solution. This solution* has an alkaline 
reaction. Magnesia containing 0*1 p.c. of 
chromic oxide becomes slightly fluorescent after 
ignition. 

Mamifacture, — Magnesia is generally ob- 
tained commercially by gentle but prolonged 
heating of the carbonate or by heating the 
hydroxide. Since the discovery, however, of the 
immense store.s of carnallite, the double chloride 
of potassium and magnesium, in the saline de- 
posits of Stassfurt, several processes have been 
patented for utilising the waste magnesium 


chloride liquor obtained a.*? by-product in the 
manufacture of potassium chloride. 

S(jhloBaing, in 1881 (Compt. rend. 93, 156, 
215), describes the following process for obtaining 
cheap magnesia. A paste of slaked lime aiul 
water containing 34- 3(5 p.c. of calcium oxide is 
allowed to run through perforations in a metallic 
plate into a solution of magnesium chloride con- 
taining 60-95 grams per litre. As soon as the 
lime jiasto reaches the solution it becomes 
coated with a layer of magnesium hydroxide, 
which acts like a shell, causing it to form long 
threads, which are entirely converted into 
magnesium hydroxide in abend. (5 days. 'I’bc 
bydroxub^ thus obtained may be -fished by 
diffusion, and, when triturated with water and 
dried, gives a compact, friable ])owdcr, which 
can of course be converted into calcined magnesia, 
by heating in a suitable fiimuco. Presence of 
common salt has no effect on tlie process, but 
if soluble* Huljiliaies arc jire'sent, they must be 
removed by adding some of the calcium chloride 
solution from a previous operation, allowing to 
settle, and decanting from the more insoluble 
calcium sulphate. 

Hamdohr, Blunientbal, To., in 1881, 
patented the following process (D. B. P. 10259, 
8cpt. 1881). A solution of magnesium chloride 
is ova])orated until it. con.sists ap])roximately of 
Mg('l2,()Il20. About 4 10 ])(•. of magnesite is 
added, and the mixture* licate*d to redness in a 
current of air until the^ evolution of hydrogen 
chloride ceases. Magnesium oxychlewide is left, 
which, on heating with water, splits up into 
magnesium hydroxide* and chlewide 

Tho Unite*el Phemical Works Joint Stock Co., 
Leo])old.shall. in 1882, iiatented the following 
process (1). R. P. 20277, Fell. 1882). Burnt 
lime is treated with a solution of calcium 
chloride. After removal of the clear liquiebkthe 
])astc is wa.shed with a fresh solution of calcium 
chloride, whilst the clear solution in turn is 
repeatedly dige’sti'd with fresh lime. A small 
portion e^f this solution i.s then mixed with the 
inaguosium chloride solution in order to precipi- 
tate all the iron and suljihuric acid which it 
contains 'I’lie* ])unlie‘d magnesium solution is 
then add(*d to the bulk oi the clear calcium 
solution, wliicli contains calcium oxychloride 
3CaO*CaCl2,161f ,0, when pure hydrated magne- 
sium oxide separates out. . 

According to Meunier (Bull. Soc. Chim. 1919, 
25, 560) magnesia may bo freed frrjin lime by* 
igniting at a red heat and after cooling extract- 
ing with successive portions of a 10 p.c solution 
of sucrose until the extract gives ny turbidity 
with ammcmiiim oxalate. 

On account of its infusihiUty, magnesia is 
now extensively used in the manufacture of 
firebricks, especially for use in yie basic Bessemer 
.steel process. The bricks are made of crushed 
dead-burnt magnesite mixed with sufficient 
gently calcined magnesite to give plasticity to 
the paste formed by mixing the materials with 
water to ])ermit of moulding. 'J’he hricks are 
fired at a red heat befor<|u.se. 

kiln described before the Ceramic Society, 

' 1918, for the dead burning of magnesite, shows 
i a considerable advance on the older types, both 
for fuel economy and increased output. Tho 
! kilii consists of one vertical chamber without 
' contraction at the he>t zone. Iffie hottest zone 
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is lined with magnesite bricks and othCT parts | oast-stwl head witt 

"nl“wot thtmSn“l ! tTInXd Lterial towa^ the opening and 

by an elecSo lift and dro])ped into a charging ' tends to grind any lumps in the calcined product, 

bell. It gradually descends through the dead 
burning zone to the cooling region, at the 
bottom of which it is automatically iiushcd out 
into a discharging hopper. The whole process 
takes about 4() hours, including .1 hours in 
the dead burning zone. Air for fiembustion is 
supplied by a fan through six damjier-i'ontrolJed 
openings at tin* bottom, and ])asses upward 
through the burnt material, becoming very hot 
by the time it reaches the level of th«' gas inlei s. 

A secondi»“y system of air flues constructed in 
the brickwork (which 
lieat the air) conveys 
air about two-tlurds 
up the kiln and then 
downwards again to 
enter through slits 
just above the gas 
ports; these are only 
used as necessity 
arises, 'riu^ gas is 
generated in a gas 
producer, and is 
heated by passing 
through three flues 
before it enters 
through the six ports. 

With good English 
coal a temperature of 
nOO"^ is attamcil, 

I'he ascending gasi's 
leave the kiln at loO", 
a suction fan being 
used to exhaust the 
gases. 'Phe mt'ehaiu- 
oal ?trrangoincnls of 
the draughts and 
process of calcination 
give complete con- 
trol A special feature 
of the kiln is the ro- 
tating bottom, (!oti- 
sisting of a eoiiu;al 



Fig. 1. 

(Fma ‘ Englneeriug.*) 

also, bv Uecpini; the col'imn in constant motion, temperature, showed a sudden fall betw®™ 
it causL the material to descend graduaUy. The i 1500“ and P"™ ® 

shaft rotates once in 40 minutes and the wear is a fall between 1300 and 1400 aa 
very slight (Engineering, 1918, p. Cd9). , with IIW” for ferro-chrome bnok {Compt. rend. 

Magnesia bricks with high magnesia content, 1913* loo, 488). . • i 

tested by resistance to crushing with increasing 1 Dolomite has also been extensively used for 
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the preparation of magnesia for refractories. 
Closson’s plan was to mix calcined dolomite 
with a solution of magnesium chloride, when 
calcium chloride and magnesia are formed ; the 
calcium chloride can then be washed out. 
Magnesia may bo obtained from dolomite by 
calciiuitiim at yOO” and treatment of the solution 
obtained by lixiviatioii by aninionmin and 
sodium chlorides, the ammonia being recovered 
and magnesium hydroxide preeipitati'd by 
calcined dolomite (U.S. I'at. 11.50002, 1015). 
Many other wet methodH for the ^eco^'ery of 
magnesia have been employed, but, aeeording 
to Wedding, magnesia prepared in the wot 
way, thougli obtained from eheap waste materials 
or by-produots, is too expensive for the manu- 
facture of bricks. 

Magnesia, in combination with lime, also 
finds an extended use for mortar making in 
districts where only rnagm'sium hmestoiaa is 
available. The dolomitic limestone is burnt at 
a lower temperature than ordinary limestone, 
otherwise its hydrating projierties ami eon-, 
soqnently the quality of the mortar are impaired. 

Magnesium suboxide. A substanee c)f this 
nature appears to he. formed vdien a solution of 
sodium or ammonium chlorides is electrolysed, 
using j)oles of rriaguo.sium wire, the positive ])ole 
becoming covered with a black deposit (Heetz, 
.1. 18t)(i, 172). 'riu‘ same substance is also ob- 
tained when inagnesuun is immersed in solutions 
of "blondes of the alkalis and alkaline earths, 
common salt giving the largest deposit, lik a 
few days it flisap])ears, being replaced by the 
ordinary white oxide. It turns white when 
heati'd just below redness. It dissolves in nitric 
acid with partial reduction ot the acul. it 
readily disstilves m hydrochloric and sulphuric 
acids with effervescence, forming the ordinary 
chloride and sidpliatc ((lore, (Ihem. News, 50, 
157). 

It is also obtained as a dark brown substance 
when chlorides of magnesium and ]K)tas.si^im arc 
electrolysed. It is without action on a solution 
of nickel chloride in absolute alcohol (metallic 
magnesium precipitates nickel). It decomposes 
water evolving hydrogen. Tt is not formed if 
oxygon is completely excluded from the electro- 
lyte (d'jH.iis. Amer. Electmehem. Soc. 27, 209). 

Magnesium hydroxide Mg( 011)2 occurs native 
as the mineraT hruate, crystallising in the 
rhombohodral section of the hexagonal system. 
The hydroxide is precipitated as a white jtiwder 
when the hydroxide of potassium or sodium is 
added to the solution of a magnesium salt. 
De Sehultcn (Compt. rend. 101, 72) obtained 
it in the form of flattened hexagonal prisms, of 
sp.gr. 2 •30 at 15^", by boating a mixture of 
12 grams crystallised •magnesium chloride 
MgOlj.flHjO, 340 grams of yotash, and 00 o.c. 
of water, at 210“-220°. The solid resylue, after 
washing away the alkali, consisted of these 
pmall crystals of the hydroxide. They were 
readily soluble in acids and m a warm solution 
of ammonium chloride. 

Magnesium hydroxide slowly absorbs carbon 
dioxide from the air. At a low red heat it 
loses its water, becoming converted into the 
oxide. This calcined magnesia is again capable j 
of taking up water, with evolution of heat, to i 
reform the hydroxide, provided that it has not i 
been too strongly heated Magnesium oxide j 


obtained by igniting magnesite at 1460® was 
only hydrated to the extent of 70 p.c. in 0 years. 

Magnesium hydroxide is much used upon the 
' Continent for extracting sugar from molasses ; 
it forms an insoluble granular crystalline mag> 
nesium saocharato, whhdi when decomposed by 
carhon dioxide yields pure sugar. 

Tn order to meet this demand, the (ionsoli- 
datod Alkali lk>m])any of Stiissfnrt manufacture 
large quantities of magnesium hydroxide by the 
following process. 'The 3 p.c. of sulphates con- 
tained in the last mother liquor from the ex- 
traction of potassium chloride from earnallito 
are first removed by means of a solution of cal- 
cium chloride. A (puintity of n^^lk of lime is 
then added rather less than sufticient to decom- 
pose the whole of the niagricHiiim chloride ; the 
precipitated magnesia is allowed to settle and 
then passed through lilter presses, in which it is 
thorouglily washed. The rnagnesnim hydroxide 
thus obtained contains only 0 J ]).c. of calcium 
sulphate, and is eminently suitable for the pur- 
pose of the sugar rcliner (Hake, ,1. 8oc. C^hem. 
Ind. 2, 149). 

Magnesia jiri'pared by heating the nitrate 
is converted by prolonged immersion in water 
into a form ot the liydroxide having the density 
of marble, but harder and more translucent. 
A similar foim, but eoniaminatecl with oxide of 
iron and aluminium, magnesium carbonate and 
sand, IS also obtained by action of water upon 
the product of the ignition of commercial mag- 
nesium chloride. This singular property of 
hardening is only iiossosscd by magnesia pre- 
pared by ignition of the nitrate or chloride at a 
moderate red heat. After heating to whiteness 
it appears to lose it. Ignition of native mag- 
nesite at the lowest possible temperature also 
yields a product possessing the same hydraulic 
property, but the basic carbonates of conunerce 
yield a jierfectly soft hydroxide. The paste jire- 
pared from calcined magnesite and water 
^ hardens in about half a day, and afterwards not 
j only withstands the action of water, but actually 
I acquires in contact with it the hardness of the 
; best Portland cement. 

1 A mixture of magnesia with a concentrated 
; solution of magnesium chloride of sp gr. 1*16- 
I 1-25 hardens in a short time to a compact mass 
' of basic chloride, which resists the action of 
j water. The pasty mixt\ir% is very plastic, and 
j is capable of binding more than twenty times its 
1 weight of sand. • 

Magnesium chloride MgCL, is one of the 
I salts present in sea- water and in the water of 
I many springs. It also occurs ci^bined with 
I potassium chloride iii largo quantities as the 
mineral carmlliic, MgClj'KCbflHgO in the 
! Stassfurt deposits. It is formed when magne- 
I shim burns in chlorine, or* when a stream of 
! chlorine is jiassed over a heated mixture of 
' magnesia and carWem. It is also produced by 
dissolving the metal, oxide, or carbonate, in 
' hydrochloric acid. On concentration of the 
I solution raonoclinio crystals of the composition 
I MgOL.flHnO separate iiut. Orystala of this com- 
I i^jsition have also been discovered, associated 
I with carnaliiie and rock salt, at Stassfurt, and 
named hischofite. On attempting to obtaiu the 
anhydrous chloride by ignition of these crystals, 
hydrochloric acid is evolved in addition to 
water, and a portion of the chloride becomes 
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converted to oxide. If, however, the crystals I 
be heated in a current of hydrogen chloride, 
the anhydrous chloride is obtained without the j 
formation of any basic salt (Heinpcl, Bcr. 21, j 
897). Anotjlicr method {)f obtaining the anhy- ! 
drous chloride is to add ammonium chloride 
to the Sfdution, evaporate to dryness, and 
ignite in a platinum dish 'I'he magnesium 
ammonium chloride thus formed loses its water 
without any deef)m])osition of the magnesium 
chloride, and the ammonium chloride can then 
be sublimed out, leaving the anhydrous magne- 
sium chloride us a clear fu‘<ed mass, whi('h on 
cooling solidifies to a crystalline solid. Magne- 
sium ehloiVs is a solvimt for the cry st all isa turn 
of metallic oxides. Octahedral crystals of 
‘magnesia-red’ can be obtained by heating 
MgOlg with cobalt sulphate. By n similar 
process, nickel sulphate' gnes rise to oytahcdial 
crystals of ‘magnesia green.’ ’I'he ci 3 's 1 als arc 
a mixture of the two oxides. 100 parts of water 
at 0° dissolve 52'2 jiarts of the anhydrous 
chloride, with considerable evolution of heat, 
forming a solution of sp.gr. I -.‘{01 0 at 1.5’’ (Kngel, 
Bull. Soe. ehiin. [ii.] 47, 318). At the ordinary 
temperature 100 ])arts of water di.ssolve about 
130 parts, ami at lOO” about 300 }>ar(s. Tliis 
solution on cooling again ih'iiosits the ery.stals. 
Magnesium chloride solulion ])osses.sea a hitter 
taste. 'I'he solid, either anhydrous or crystals, 
is veiy deliquesi'ent. It rom bines directly, with 
evolution of lieat , with methyl and ot hyl alcohols, 
the solutions yu'lding, on cooling with ic.c, 
crystals of Mg(‘L,t)('ll ,011 and A1g('L,t)('2bl J_)H, 
respectively. 

(^omrnfrnal ptrjxunhu)).- 'Phe last mother 
liquor obtained in the jiroccss of preparing 
potassium chloride from the (‘arnallite at 
Stassfurt sujiplies as b^^-prodiiet large (juuntities 
of mffgnesiiim chloride. 'I’lie lujuor has a .sp.gr. 
of 1*32, and cmitaiiis no less than 3.5 ji.e. of the 
chloride. It is first evaporated to sji gr. 1*34, 
when polassium and sodium chlorides and mag- 
nesium sulpliate separate out. 'J’he b.)t con- 
centrated liquor is then run into casks, where , 
on cooling it solidifies to a white translucent ' 
mass eontainiiig .50 ji.e. of magnesium chloride. J 
in this state if. is largely exported to this country, ■ 
being used by cotton-spinner.s as a thread ' 
lubricator (Hake, ,1. Soe. ('hem, Ind. 2, 14t»). 

l^aurjuetiii, in hSSl, ])atented (D. R. P. 
2039f)) a proces.s for ])reparing nmgne.siiim ! 
Chloride bj^ introducing burnt magnesite or 
dolomite into a solution of wash* ealeium 
chloride, and driving carbon dioxide through 
tlie mixture^ wlicn calcium carbonate .separates 
out and magnesium chloride reiuains m solution. 

('ochrane and Brarnley, I'f Middlesbrough 
(Eng. Pat. 1.5498, Nov. ISSb), charge hydrated 
magnesium carbonate into a series of closed 
vessels through which a solution of calcium 
chloride is circulated, carbdn dioxide being at 
the same time injected. Magnesium chloride 
is in this case gradually formed in solution and 
calcium carbonate precipitated. 

Magnesium chloride )*.ay also be extracted 
from the mother liquor of the potassium chlje- 
rate manufacture (Musjiratt and Kschellraann, 
Widnes, Eng. Pat. 1900, Feh. 188.5). 

Magnesium chloride unites with the alkaline 
chlorides to form crystalline double salts. 

Magnesium chloride solution is preferable to 


brine as a refrigerating medium. As it Is more 
viscous than brine it is less liable to spray or 
splash, and its freezing point is lower than brine 
of the same concentration. 

Magnesium potassium chloride 

Mg('U-K('l,9H,0 

the carnallitc of Stassfurt, crystallises in colour* 

! less deliijiie.scent rhombic, jirisms. On heating, 

I the water is driven off without loss of chlorine, 

' the anhydrous mixture fusing at a red heat. 
'I'lie native caniallite used at stassfurt for the 
i extraction of }iotassium and magnesium chlor- 
iih's has the following average com]>osiiion 
(Hake, .1 Soe. (Jhem. Tnd. 2, 149) : 

I KCl . . irc2 I (5i(R . . 0-2 

Mg(;i., . . 24-3 I ('lava'uU'arO, 2*1 

MgSf)4. . 9-7 ! Hi) . . 28-8 

NaCl . . 18-7 : 

Magnesium ammonium chloride 

Mg('l.,NH,,Cl,()H20 

is deposited fnun mixed .solutions of magnesium 
and ammonium chlorides in sinall rhombic 
crystals. 

'I'he corresponding sodium salt apjiears to 
eonlain only one moleenle of water (Poggialo, 
Compt. rend 20, 113(»). 

Magnesium calcium chloride, Tarliydnic, 
2Mg(!l., *(51(32,1211. 4), is .also fonrid at Stassfurt 
ill deliquescent 3 ’elIo\vish masses. 

Magnesium oxychlorides. When highly 
calcined magne.sia is (rented witli a strong 
solution of magnesium ehloride, it dries in a 
few hours to a har<l mass of oxychloride, capable 
of receiving a jioli.sh. A .sample prejiared m 
this manner, and hardened by 0 months’ ex- 
posure in the air, was found to consist of a 
mixture of .Mg(‘(.), with a compound 
Mg('l..*.5Mg(),171l":() 

On Iieaiinc: to 180" it w*a.s converted into 
Mgfdj^riMgO.OHaO. By prolonged treatment 
with water (lie whole of the nmgne.siiim ehloride 
wms extracted, and the eomiunind 2Mg()*3TT20 
left. 'I'his lesidual hydrate is a compact solid 
as h.ard as sandstone, po.sses.siiig a brilliant 
surface, and taking a liigli polish ; its cohesive 
power IS not impaired either cold. 4 ,^r hot 
water (Bender, Ann a fen. 1.59, 341). 

.Magnesium oxychloride is Tiic essential con- 
stituent in Sorel cement, usually made by adding 
a solu'tioTi of magnesium chloride to finely ground 
calcined magnesite ; when mixed with various 
filling materials, such as wood flour, cork, talc, 
silica, asbestos, clay, marble dusl, or sand, it is 
frequently used in the construction of ‘ sanitary 
flooring.’ Jt was stated that magnesia cement 
was used by the Gern^aus for gun emplacements, 
as it sots quickly', nroducc-S a smooth, even floor, 
which lufiy bo laid in large areas without crack- 
ing, and attains great strength sooner than 
l^ortland cement. 

'I’he crystalline depo.sit frequently found in 
bottles containing magnesia mixture (magnesium 
sulphate or chloride, ammonia and ammonium 
chloride) consists of a hydrated oxychloride 
MgCl2*,5MgO,13H2(). On washing the crystals 
with a large quantity of water the whole of the 
chloride may be removed, the residue consisting 
of hydrated oxide (Davis, Chem. News, 26, 268). 

By mixing fre.shly calcined magnesia with a 
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solution of magnesium chloride in a Hask well 
corked and nearly filled with the liquid, and 
heating on a water-bath with frequent agitation, 
needle-shaped crystals of an oxychloride are 
formed. When washed and dried at 110” they 
consist of MgCl^’lOMgO.HHaO. The dry 
crystals are not attacked by carbon dioxide, but 
when moist are dccoraiioscd (Krause, Annalen, 
165, 38). 

When 20 grams of calcined magnesia arc 
boiled with a solution of 400 grains magnesium 
chloride m 500 grams of water and the solu- 
tion filtered, the filtrate deposits needles of 
MgCh,-Mg(),16H20. When dried m vani6 they 
arc converted into Mg( 'h'MgUjOH 4 ). Both salts 
are decomjiosed by water and alcohol (Andre, 
(k)nipt. rend. 91, 444). 

When crystallised magnchium (diloride is 
heated in air, an oxychloride of variable com- 
jiositiou appears to be loft, a portion of Jhe 
chlorine iiassing away m the form of hyuro- 1 
chloric, acid. If the chloride be heated to a 
sufTicicntlv high fcmjx'ialure in a current of 
air a certain amount of free chlorine is evolved ; 
and if a mixture of hydrogen chloride and mi- 
ls jias'icd over tin- heati-d ehlonde, esjieeially 
111 pri'si’mc of a little fii-e magnesia, a la'ger 
(|Uiiritity of elilorme is obtained in (ho free 
stat(\ 'rill'-' leaetion forms (Ik* basis of the 
Weldon- Pechim'V ])rocess of manufacturing 
ehloriru', as worked at, Saliiulres (Weldon, Kng. 
Bat. 9307, .luno, JHHt; lltl36, Aug. 1884). 
A solution of magnesium ehlonde is lirst evajij)- 
rated down until it consists upproMinately of 
A1g{'L.6U4) 'riiis is then converted to oxy- 
chloride by addition of 14 etiuivalents of eal- 
eined magnesia. 4'his oxychloiide is crushed 
and sifted, solid ])ieces free from dust being 
eventually chosen not larger than the size of a 
walnut. It IS next hiaitefl to removi- a portion 
of its water, amf finally deeomjiosed by heating 
to a liigh teiiijK'rature in a current of air. The 
furnace employed for the latter jirocoss ^ eon- 
strueted ii[)on the prin(-i]ile of a baker's oven. 
It consists of a scries of \crtieal chambers, the 
thickness of the dividing walls of which is 
greater than the width of the spaces between 
•them. Before charging thi-sc spaces with the 
small lum])s of oxychloride, iiroducts of (aun- 
busturPr^arc jiassed thr^gh them until the 


into heated chambers, when the same reactions 
occur. 

Mond (Brit. Assoc. 1896, 741) modified the 
process for recovering both ammonia and 
chlorine from the ammonium chloride produced 
in the ammonia soda process. Magnesia is mixed 
Avith a little china clay and potassium chloride to 
facilitate the production of a perfectly anhydrous 
chloride. The mixture is made into pills and 
placed in towers, 'riicsc are heated from a pre- 
vious operation to 300” ; the ammonium chloride 
vapour IS passed through, producing ammonia 
and magnesium chloride. Air at 600” is then 
circulated, wli(*n free chlorine is liberated and 
magnesia loformed. Hence the prq^ss becomes 
eontiinious. 

Hcrmite (J. Hoc. ('hem. Ind. 7, 726, 737) 
pre])ares ehlorine for bleaoliing purposes b}' the 
electrolysis of a solution of magnesium chloride. 

Magnesium bromide MgBr.^ (m.p. 71 B ) occurs 
in sea- water and many salt springs. It re- 
sembles the chloride, being deposited from a 
solid ion of magnesia in hydrobromic acid in 
nei-dles of MgHr,^,6hBO, which behave like the 
chloride on heating. 

Magnesium iodide MgH also occurs in sea- 
water and saline springs, and may be obtained 
by dissohing magnesia in hydriodie acid, when 
(leliqui'scent <‘rystals separate, which ix-adily 
evolve iodine on warming. 

Magnesium fluoride MgBg occurs native in_ 
the mineral siihnte in colourless quadratic* 
crystals, and may bo jirepared in an amorphous 
form by evaporating magnesia with excess 
of hydrofluoric acid. When the amorphous form 
is fused with sodium chloride and gradually 
cooled, it IS obtained, after washing with water, 
in crystals n^sembhng tlioso of Bellajte 

B'eldmann (Kng. Pat. 15295, Nov. 1887) 
patented a process for an industrial prepamtion 
of this salt Magnesium chloride is treated with 
calcium fluoride m eitlicr the dry or the wet way. 
In tlio former tlie fluorspar is mixed with the 
anhydriius' chloride in excess, and the mixture 
fused at a red heat, when CaCl^ and MgF^ are 
formed. After cooling, the mass is lixiviated, 
when the magnesium fluoride remains behind. 
Ill the wet method iiowdored fluorspar is kuh- 
peridrd in a eonceiitrated solution of magnesium 
chloride and heated till double decomposition 


dividing walls appraised to a high temperature. 
After charging, the oxychloride becomes heated 
by contact with the walls, and a nuxtiirc of ' 
chlorine, nitrogen, cxi-oss of air, and hydrogen 
chloride is evolved. 'J’hc hydroehlorie acid is 
condensed in ordinary towers, and the remain- 
ing gases pass r)ii to the bleaching powder 
chambers. The magnesium remains as oxide, 
the oxygen being furmshedjDy a regulated supply 
of air, and is afterwards partly dissolved in the 
condensed hydrochloric acid^or ])roparatioii of 
more oxychloride (Weldon, J. Soc. Blfem. Ind. 
4, 175). The reactions occurring in the process 
are probably as follows : 

(1) H2()-HMgCl2-MgO+2HCl. 

(2) 2H('l-t-0-=Ho0-f-CU. 

(3) Mg(U,4-(9=MgO-{-Cl2. 

(Kingzett, J. Soo. Chora. Ind. 7, 286). 

Nithack (D. R. May 29, 1884) decomposes 
magnesium chloride for the preparation of 
chlorine by injecting a fine spray of the solution 


oi'curs, water being added ^o make up the loss 
by evaporation. It is then allowed to cool, when 
the mass solidifies and is lixiviated as before^* 
Any undecomjiosed calcium fluoride may be 
removed by clutnatum from the specifically 
lighter magnesium fluoride. , 

A double fluoride of magiiesium and sodium 
MgF.^-NaF is obtained m insoluble cubical 
crystals by fusing magnesium chloride with a 
largo excess of sochuni tiuoriiie and chloride and 
allowing to cool slowly. Also in the amorphous 
state by boiling absolution of sodium fluoride 
with magnesia. 

Magnesium carbide has not been isolated 
in the pure state. It is obtained mixed with 
carbon by heating mafpiesium jiowder to redness 
in the vapour of benzene (Parkinson) or acety- 
leme (Berthelot). According to Moissan, it is 
completely decomposed in the electric furnace, 
which explains why magnesia can be fused in a 
carbon crucible without reaction (Ann. Ohira. 
Phys. [vii.] 16, 151). 
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Nov4k (Zeitsch. physikal Chein. 73, 513) j 
obtained the carbide by heating magnesium in 
a tube at a definite constai^t temperature and 
passing over it a definite volume of a gaseous 
nydrocarbon. Ho obtained two carbides, MgC2 
and hnd tJuiir decomposition with water 

proceeds according to the equations 

Mg(^2+21foO--Mg(OH)2+C,H2 

1’he formaticjii of acetylene commences 

at 400"C. At 4()0° the j)re.senco of MgA'a in the 
product can be }»roved and the proportion 
increases up to 515'", 

Magnesium carbonate MgfX)^ oiicurs native 
as maywc.sft?' in rhombohedrul crystals iso- 
morphous with those of calcite. It is also found 
in large compact or granular masses, and, 
associated with ('ahjium carbonate, as dolovnlv 
(MgCa)CO;i, in immense quantities all*ov('-r the 
world, d’hc amorphous precijiitatc formed when 
an alkaline carbonate is added to a solution of a 
magnesium salt has the composition 
Mg(X);„2H20 

but after standing an liour or two at a tom- 
jieraturo below Mi", it becomes coiivorted into 
tabular crystals of MgOO^.hblaO. If the tem- 
perature exceeds 22*^ it beomes converted into 
prismatic crystals of MglX)^,:!!! oO. rxdween 
Hk" and 22®"hoth tla;sc hydrates are formed. 
I’ho amorphous precipitate is, decumjiosed by 
water into a basu' carbonate of the conijiosition 
5Mg() 4002,111120 

or 5(MgC03,2H20), in which one molecule of 
MgOOj has been converted into MgfOiDa- Xliis 
basic carbonate absorbs (sarbon dioxidi' from 
the air, and becomes Mg002,2H20 again (Engel, 
Compt. rend. 100, Oil). According to Murignac, 
nornutl magnesium carbonate is also iormed by 
the action of inagnosium chloride on calcium 
oarbunate. 

When the prcci]iitated carbonate is .suspended 
in water and dissolved by the passage <.d a,current 
of carbon dioxide, on eva])oration of the solution 
the anhydrous carbonate is precipitated lu 
minute crystals isomorphous with aragonite, the 
rhombic form of calcium carbonate. On the 
other hand, when mixed solutions ol a soluble 
magnesium salt and an alleahne bicarbonate 
supersaturated with,earbon dioxide are inclosed 
in a strong vessel closed by a cork, through 
tl^hich the carbon cboxido is slowly allowed to 
escape, microscopic rhorn bolicdrons of the 
anhydrous carbonate rt'senibling those of native 
magnesite apd calcitc arc dejiosited. 

Both the iiaturu) ami artificial varieties of 
magnesium carbonate give an alkaline reaction 
with btraus solution. 4'hcy ibssulve slowly in 
acids with but little effervescence. 

Magnesium carbonate dissolves in water 
saturated with carbon dioxide. According to 
Engel (Compt. rend. 100, 444, 1224) the solu- 
bility at constant temperature is proportional 
to the cube-root of the pressure of the carbon 
dioxide. The results of a large number of experi- 
ments agreed with those calculated from tl^e 

general formula or where x 

represents the pressure of carbon dioxide, y the 
quantity dissolved, and k a constant =^0 '03814. 
At different temperatures under atmospheric 


pressure the amount of magnesium carbonate 
dissolved is proportional to the coefficient of 
solubility of carbon dioxide at the particular 
temperature. The following table is given by 
Engel and Villc (Compt. rend. 93, 340) showing 
the solubility first at constant temperature and 
second at constant pressure : 


Atmo-splitiTfS 

I)rosburc 

Ti'tuperature 

MrI’O;, dissolved 
in a litre of water 

I'fl 

19 '6 

25*79 

21 

19 r> 

33*11 

3-2 

19-7 

37-30 

4-7 

lO'O 

43*50 

5 0 

19-2 

40*20 

(>•2 

10-2 

48*61 

7*5 

19-5 

51-20 

9-0 

18-7 

56-59 

inin, pressure 
751 

13-4 

28*45 

7(>3 

19-5 

1 25-79 

702 

29 3 

21-94 

704 

40'0 

' 15-70 

701 

02-0 

10-36 

705 

70-0 

8-10 

7 f )5 

1 82 '() 

4-90 

705 

90-0 

2-40 

705 

100 0 

0-00 

When the solution in caiboiiic acid is l(“lt to 


evaporate ,sj)ontancou.s]) , or kc])t in a partially 
cU'sed flask for some time at 50"', it dc’])ositB 
small hexagonal pri.sms of Mg(^03,3Il2(), which 
effloresce in air, liecomiiii’; opaque. At a winter 
temperature the same solution deposits niono- 
clinic jnisms of Warmed with 

water at 50”, they aic eoiiveited into the tri- 
hydrate, whilst on boiling with water they lose 
carhonie acid and become cojiv^erted eventually 
into tiio basic carbonate 

^ 2MgC().,'Mg(OI4)2,2Il2C. 

.Saturated solutions of magnesium hydrogen 
carbonate deposit between fib and the boiling 
point a basic caibonate, 4Mg(),3CO2.0H2O, in 
the form of slender needles. Between 06 and 
55”, the basic carbonate separates, mixed with . 
the , triliydrate, MgC0a,3H20, below 65 ', the 
trihydrate alone is frt.mied down to a»73at 0”, 
and at 2 the un.stablo piuitab^” Irate is formed 
( l/)itmcicr, Z. Kryst. Min. 1909, 47, 104). 

Bqsic carbonates. A basic carbonate of 
the compo.sition 3MgCU3'Mg(OH)2,3H 2!) occurs 
native as fiydrorimjncsitr in small white moiio- 
chnic crystals of sp.gr. 2 '14- 2 ‘18. A salt of the 
same composition is also obtained by mixing 
magnesium sulphate with excess of a hot solution 
of potassium carbonate and boiling the precipi- 
tate with fresh quarftities of water so long as 
acid carbonate dissolves out. Also by boiling 
a saturafed solution of the acid carbonate, and 
twice boiling the precipitate produced with fresh 
quantities of water. When dried at 100” in the 
air it absorbs carbon dioxide, and is converted 
into 5Mg0-4C0a,5H20. 

Another basic carbonate of the composition 
2MgCO3-Mg(OH)2,2H20 is obtained as above 
from the solution of the normal carbonate in 
carbonic acid. Also, according to Fritzscho 
(Fogg. Ann. 37, 310), by precipitating ma^e- 
slum sulphate with a very large excess of sodium 



MAGNESIUM. 


191 


carbonate and boiling till granular, then washing 
rapidly three times with fresh boiling water. 

Commercial carbonates. The commercial 
preparation known as magnesia alba is a basic 
carbonate of slightly varying composition, 
iiocording to the conditions of production. It is 
usually prepared by precipitation of either the 
commercial sulphate or chloride of magnesium 
with sodium carbonate. As thus obtained it is 
a very light bulky powder, and is distinguished 
as mwjnpsia alba levts. If the precipitation 
is carried bn at a higher temperature by the 
addition of one volume of a cold saturated 
solution of sodium carbonate to a boiling 
mixture of one volume of a saturated solution of 
magnesium sulphate with thirty volumes of 
water, the precipitate washed with hot water 
and dried at 100°, a denser form is obtained 
known as magyuina alha pomlaosa. The com- 
position of the light variety is generally given^s 
the same as that of hydromagnesite 
i)Mgc 03 -Mg(on) 2 ..‘m,o 

Heckurts (Arch. Pbarm. [hi.] IS, 429 ; 19, i:i), 
however, deduces tlu! formula 

r)iMg(:()„-2Mg(l)H)2, 711.^0 
hut also found several specimens of the hydro- 
magnesite formula, but containing 4HJ>. Kraut 
(Arch. Pharm. [ui.l 20, 180) gives 
4.Mg(lO;Mg({)ll), 

as the correct formula. Jfenco it ajipears likely 
t.liat different sam])los vary somewhat in con^- 
position. As representing the composition of 
the heavy variety, Heckurts (l.r.) gives the 
formula 3Mg(-() , Mg(0]l)2,4H/), which only 
differs from that of hydro magnesiU* by one 
molcoule of water. 

Magn('!<i<i alba Uina and jxmdcrosa yu4d 
upon calemation (iorresponcluig liglit and heavy 
varieties ot the ^xidi% known in commerce as 
ma.ijnrs’ia usia let if- and mugnvtiia usfa poyi/icrn.sa. 

Another method of preparing nuuincfn.^ alba 
was patented by Pattinson. 'riiis consists in 
treating slightly ignited dolomite with water and 
carbon dioxide under a pressure of .7-(> atmo- 
spheres, So long as any magnesium carbonate 
remains undissoJvcd, the calcium carbonate 
is unattached, tlic acid magnesium carbonate 
being uitTch more readily* formed. 4'his .solu- 
tion of hydrogw. magnesium carbonate is 
decanted from the calcium carbonate and 
heated by injcctiou of steam, when magtnrsia 
alba is preci])itated as a white bulky powdei of 
loose texture. IJiiignited doloiniit' does not 
yield any acid carbonate with carbonic acid. 

Bramley and Cochrane, of Middlesbrough, 
patented a process (Eng. Pat. 13792, Oct. 1880) 
in which magnesia is adijod to the solution 
of an alkaline bicarbonate or scsquicarbonate 
and the mixture heated Unft agitated. 1’he 
alkaline carbonate is converted to a* normal 
carbonate, and hydrated magnesium carbonate 
formed. The operation is performed in closed 
vessels to prevent loss of carbon dioxide. - 

Ma/jneeia alba can also be profitably pi^iared 
from sea- water (Cutzkow, Dingl. poly. J. 270, 
30). The mother-liquor ( bittern) obtained after 
extraction of common salt (bay-salt) is treated 
with milk of lime ; the precipitated magnesium 
hydroxide is allowed to settle, the supernatant 
liquid removed by deoantation, and the precipi- 


tate stirred up with water through which a 
stream of carbon dioxide is passed. The hy- 
droxide is dissolved as acid carbonate. The clear 
solution is then heated rapidlv to 70°, and after- 
wards more gradually to the boiling-point. The 
precipitated magnesia alba is filtered off and 
dried on plates heated by steam. If necessary, 
the original mother-liquor may first be freed 
from orgauuj matter by treatment with alum. 

Magnesia alha is almest insoluble in water, 
but dissolves readily in boliitions of ammonium 
salts owing t<» the formation of soluble double 
salts of magnesium and ammonium and ani- 
moiiium carbonate. 

I Magnesium ammonium carbonat^ 

I Mg00,-(NH,)2C03,4H,0 

separates in rhombohodral crystals from a mix- 
ture of cold aqueous solutions of magnesium 
suljihato <*i chloride and excess of ammonium 
carbonate and free ammonia. 

; Magnesium potassium carbonate 

j Mg(M),,-KX 3 >3,411.20 

; is obtained in small rhombii^ prisms when mag^ 

1 ncsia. alha is digested with a solution of acid 
jiotaHsium carlKUiati' for ir> hours at b0°-70“. 
j A salt of the com])osition 
j JVlg(H)3HK('()3,4H20 

; IS obtained in largo crystals from a cold aqueous 
j mixture «>f magnesium chloride or nitrate with 
excess of acid potassium carbonate. Engel 
I ((.'-ompt. rend, lOt), 1224) obtained the same salt 
by decomposing a solution of the acid magne- 
sium carbonate with imtasaium bicarbonate, and 
also by direct action of the potassium bicarbonate 
upon normal magnesium carbonate, 

Magnesium sodium carbonate M^Oa-NagC'Da 
is similarly obtained in small anhyarous crystals 
by digesting magnesia alha with sodium l^car* 
bonatc. 

Magnesium nitride MggNj. Magnesium coni- 
bines directly with nitrogen when heated to 
j redness.^ Jt is also one of the products of the 
iacom])lctc combustion of magnesium in air. 
Matignon (Compt. rend. 1912, 164, 63) states 
that oxygen is absorbed at a toinporature of 
(>0t)° and nitrogen at 670°. At the latter tem- 
perature and atmospheric pressure, oxygen is 
j absorbed at least 1000 times more rapidly than 
nitrogen. The nitride is conveniently obtained 
} by the interaction of Hnely divided magnesium 
j and ammonia. From the lieat developed wh©w» 
; the nitride is decomposed by dilute sulphuric 
i acid the heat of formation is calculated to bo 
j -|-119'7 cals, (t is a greenish yellow amorphous 
body which decomposes slowly in numid air, 
yielding ammonia and magnesia, rapidly in 
contact with water with elevation of tempera- 
ture. Hydrochloric and nitric acids decompose 
it yielding ammonia and the magnesium salt. 
With sulphuric acid it yields sulphur dioxide and 
magnesium sulphate. Argon docs not combine 
with magnesium. 

Magnesium amide. Anhydrous liquid am- 
monia dissolves magnoiium to a slight extent, 
producing a blue solution which decomposes 
gradually with the formation of the amide and 
the liberation of hydrogen. 

Mixtures of liquid ammonia and acetylene 
react with metallic magnesium at the ordinary 
temperature, and on evaporation of the solution 
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the crystalline compound is 

obtained together witli ethylene and a small 
quantity of ethane. At atmospheric pressure 
this eom})i»und loses a portion of its ammonia 
when the temperature reaches 2® and is con- 
verted intb the compound 2A1gC»,2C2ll2»7NH3 
which is stable up to (50° at which tem{)erature 
a(;otyl(me and ammonia are given off, leaving a 
residue consisting of magnesium amide and 
nitride, together witli a little cur bide (J. Phys. 
(Ihetn. 18, Sri). Jhit assiiim ammoud-magnesiate 
IS obtained by the action of potussamide on 
magnesium amld«^ in lujuid auimonia solution 
(J. Amer. Phem. Soc, 37, 2205). 

MagncsJ[um nitrate (Mg(N();do occurs m the 
mother-liquors of the salt jietre manufaeture, and 
also frequently in well-water. It may readily 
be [ireparod by dissohing mfiq/n.sm uUm in nitric 
acid and evajioratmg to small bulk, when mono- 
clinie prisms and needles of the hydrated salt 
Mg(N 03 ) 2 ,( 5 il 2 () separate out. 'J’hesi ' are soluble 
in half their weight of cold water, and also in 
nine times their weight ot alcohol of sji.gr. 0'84, 
with which magnesium ml rati* forms an alco- | 
holatc of the composil cm i\lg(N 03 ) 2 ,( 5 (’. 2 iIft(). j 
When dried over sulphuru; acid the hydrated ; 
salt loses four molecules oi its water, and at the ! 
temp(!rature of melting lead another molecule is i 
e,volvecl, leaving the salt Mg{NOa) 2 ,l{ 2 <b When ' 
thi.s latter salt is heated to a still higher tenp ; 
perature the last molecule of water is given off, | 
togetlier with part of the nitric acid, and a tri- ' 
magnesium iiitrati'- Alg 2 {N() 4 ) 2 , analogous to the i 
tri-orthophosj)hate, is left. , 

Magnesium borate. When magnesium oxide 
in slight excess is heated with a mixture of bone ' 
anhydride and potassium hydrogen lluorido in ; 
moleoular proportions, the horate 3A]g(),p2(>3 is ! 
obtained in transjiarent ucieular crystals which 
are^oluble in inorganic acids but not in acetic 
acid or water. i 

Magnesium phosphide »^ay be ob- : 

tallied by heating magnesium tilings with red 
plios})horus (Parkinson) or by juissing [>lp>s]ihonjs ' 
vapour over magnesium filings, heap'd to red- ' 
ness, m a current of carbon dioxuh'. Gautier ; 
obtained it crystalline by healing red ]>hosphorus I 
and magnesium in a graj^hite boat, then (Irivmg ' 
off the excess of phosphorus m a eurrent of | 
hydrogen (Compt. rend. 128, 1 1(57). It decom- , 
poses water, yieldj^ng phospliorctted hydrogen j 
and magnesium hydroxide. ' 

' Tri-magnesium‘ orthophosphate MgstPOi)^ is } 
found m the ashes of ])]ants and animals and i 
combined with lluorinc occurs m nature as . 
wagnerite Alg(MgF)Pt) 4 . U jirejiaied by ' 

adding magnesium sulphate m excess to a solu- ! 
tion of trisodiura phosphate and boiling. Jt is 1 
a white amorphous powder containing 511 ^O, i 
which on calcinj^ig loses water and becomes j 
phosphorescent. i 

Dl-magnesium orthophasphate Alg2H2(P04)a i 
is formed by precipitating a solution of a mag- 
nesium salt with normal sodium phosphate. If ! 
the solution is dilute it separates in hexagonal | 
needles containing sev^i molecules of water. 
It occAirs in the fieces of man {cf. Balareff, I 
Zeitsch. anorg. Chetn. 11118, 102, 241). ^ 

Ammonium magnesium phosphate 

MgNH4P04,(5H20 

is formed as a crystalline precipitate when 


1 sodium phosphate is added to an gmmuniacal 
I solution of a magnesium salt. The precipitate 
! is almost insoluble in water and still less so 
I In ammonia. It serves for the quantitative 
I e.stimation of both magnesia and phosphoric 
! acid. The compound occurs in nature in well- 
1 formed crystals known under the name of 
struvite. 

Magnesium pyrophosphate Mg. 2 P 2 U 7 is oli- 
I tained by igniting either ammonium magnesium 
, phosphate or the acid phosphate. 

Magnesium sulphide MgS is formed by 
' heating magnesium filings in the vapour of 
I sulphur or sulphuretted hydrogen. So obtained 
it is a grey arnoiphmis material which is difli- 
ciiltly fusible even in the electric furnace 
i (Moiirlot, Conqit. rend. 127, 180). Tiede (Per. 

' 101(5, 40, 1745) statc.s that the suljihidc ])re- 
' pared by the method of Aloiirlot contains only 
8pi.c. of sulphur. Kcichels’ piocess of heating 
I magnesium in a current of hydrogen followed 
by hydrogen mixed with snlphiir gave a ])roduct 
eoutaiiuiig 30 to 50 ]).c. sii]|)hnr. 'I’his was 
purified by heating it in a highly evacuated 
(|uart/. tube to (5()0'-700'' for two hours, when 
the excess of metal volatilised. It was also 
obtained by Ixuling the cnide sulphide (10 grams) 
with flesh absolute (ther (100 c.c.), ethyl 
iodide (10 grams), and a crystal of iodine bn’ 
three hours, moisture being rigorously excluded. 
'Phe metal dis.sulves in the alkyl lodido whilst 
the sulphiile is uiiatleeted. 'I'lie ])urified suljihide 
^vas waslu’d with ether and diicd in a vacuum. 

It is an anioiphous jiowder of reddish -white 
colour and feebly himmescent after exposure to 
daylight or the are light. lainunusity is best 
excited by rays of long wave length. Radium, 
X-, and ultra violet rays did not excite it. 
When exposed to cathode rays magnesium 
siiljihide shows a bright blue and red tlnoreseenci' 
with a feeble after-glow. Altfgncsmin sulphide 
containing bismuth exhibits an intensely blue 
phosphorescence which is excited by daylight or 
arc or mereui'y-vapoiir light. (Specimens eon- 
taimng antimony have a delicate yellow colour 
and a persistent, intensely yellow-green phos- 
phore.sceiicc after excitation by daylight or 
particularly by oxposutc to cathode rays. It 
is decomjiosed by cold water with the formation 
of magnesium hydrogen sulphide. ilT* warm 
water it is said to form poljN^xilphides, and on 
boiling, hydrogen 8ul]>hklo is evolved leaving 
oiilyr hydrated magnesia. 

Magnesium sulphite MgSOa. When water 
containing magnesium hydroxide in suspension 
IS saturated with sulphur dioxide, the solution 
concentrated in vacuo at a temperature below 
100° and then allowed to cool, rhombohedral 
cry.stals of Mg8()j,(5It 2 II arc deposited (Hartog, 
(.icimpt. rend. 104, lV)3). 

A basic ma^e^um sulphite of the com* 
positioif* MgSOa- 2 Mg(OH) 2 , similarly prepared 
by passing sulphur dioxide into water holding 
magnesia in suspension, is used in sugar fac- 
tories (Bergreen and Licht, Bied. Centr. 1884, 
201), 'J’he bisulphite is prepared by passing 
sulphur dioxide mto a solution of the sulphite 
or by the action of sulphurous acid solution on 
magnesite. Solution of the bisulphite mixed 
with sulphide arc used for extracting cellulose 
from material containing lignin and j^ctic 
BubstanceB. Magnesium bisulphite is said to 
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have mure solvent action on the free resins of 
wood than lime. It is more stable than calcium 
bisulphite and dissolves the non-cellulose 
matter more eompletely. 

Magnesium sulphate {Kysom mils) MrSOi | 
occurs in the mineral kivscriic Mg8()4,HaO, in 
the Stussfurt salt beds ; and as cpsomite 

MgS04,7H,0 

in the gypsum (juarnes of Montmartre, in Spain, 
(Uiile, and in the Mammoth ('a\e, Kentucky. 
Kicseritft is oieasionally found in rhombic 
[irisms, but more gcm'rally occurs in granular 
masses. Ejisomite is found both m the massive j 
state and in silky fibrous crystals. Natural | 
crystals of epsomite more than a emitimetn* long j 
have also been found coating the walls of a 
gypsum ijuarry in the Department of Herault, 
France, 'khe suljdiate was in a constant state of ' 
exudation, and as it solidified formed a lustrous ] 
coating of crystals upon the surface of l5ie 
gyiisuui (l)e lioiiville, (^mijit. rend. 87, 70.‘1). ' 

Magnesium sulphate forms the purgative | 
principle of bitter spring wat'M’s (henee its name j 
of Bitter s.iltf such as those ot Bath, and Seidlitz, 
Saidschut/, and Biilliia in Boluunia. At the ; 
three lattei jilaci's it is obtained by digging }>its ' 
into winch the hitter water inns, ami allowing 
the solution tliiis collected to evaporate in 
shallow jians. 

The magnesium sulphate ot eommeree is now 
chietly obtained from the kiesente of Stassfurt. 

The elude kiesente obtained from the iii»[)eT 
layers (Abraumsalz) ol the Stassfuit beds is tirsi 
freed from magnesiuni and sodium ehlorides liy i 
being plaeed in huge sieves, standing in tanks 
of water. The two salts mentioned dissolve out, 
whilst the kii'seiite, wdiich is vm-y s|niiingly 
soluble 111 water, tails through the meshes of the 
sieves in a state of line powder. .Any gaiigue or 
other impurities a,uch as aiihvdrite oi larger 
lumps of rock salt rtmam behind in the sievi's. 
T'he kiesente posnlcr is then packed into eoiiical 
wooden moulds, where it sets to a eomjiact 
solid, owing to its combining with six more 
moleouleM of watei to form epsomite. 'J’liis 
solid ‘stone’ is then dried ami aftiuwards I 
powdered, in this condition it conBuns from 
80 to 00 ]).c. of MgSO^ and about 1 to 2 ]).c. of I 
sodium •^'Auide. A large #(uantity is brought { 
into the market fbi« form, 'i'he rest is j 
crystailisid from water and brought into com- I 
mcrcc as Fpsom salts ^ i 

Another mode of manufacturing magnesium 
sulphate, whicli was almost universally em- 
ployed before the working ol the Stassfurt beds, 
eorisists in di'coinposing dolomite, magnesium 
limestone (CaMglCO,,, with oil of vitriol. As 
caleium suljihate is only s])aringly, wdnle niagne- 
sium sulphate is readily solifble, the separation 
offers no difficulty. • 

The dolomite is first calcined, when of treat- 
ing the hot mass with a small quantity of 
water it is readily broken up into powder. This 
powder is then suspended in w^ater in large 
digesters constructed of wood lim'd inside with 
lead and Yorkshire flags. For a digester G feet 
square and 7 feet deep, about 3 tons of dolomite 
would form a convenient charge. Into tliis 
emulsion are then poured the contents of twelve 
carboys of sulphuric acid, and water added until 
the 8p.gr. becomes 1T2G to 1*150. At the end 

VoL. 


of an hour, when the contents begin to cool 
down, steam is injected by a leaden pi])e w'hicU 
completes the action. Fxeoss of acid must be 
carefully avoided, as it causes loss in crystal- 
lising. The liquor is (hen run off into a settler 
mach; of lead or (lags, but not of ft‘oii ; after 
settling the clear solution is siphoned over into 
an iron evajiornting jian, whtTc it is evajiorated 
dowm to GG“ of ’rwaddeH's hydrometer. The 
clear concentrated liijiior stands for an hour 
or Ivv’o to allow any suspenderl matter to settle, 
after wdiich it is conveyed to the coolers, wliieli 
are made of wood, Hags, or, best ot all, slate, 
where it is agitated so as to cause the salt to 
fall in small crystals. I’he crystals are then 
drained and finally dried on shelvrT^n a stove 
room at a teniperaturi' not exi^ecding 80‘"F. 

Magnesium suljihafe is largely used in tho 
Lancasliire cotton trade in (h(‘ ]>roecss of warji- 
sizing ; if»is also employed for im'dicinal and 
agric.ulf ural pin poses and for dyeing witli tho 
uiiiliiu' colours. 

d’he crystals have tlii' composif ion of epsomito 
MgtSO,,7rF(), and form light rhombic prisms, 
lesi'inbling (hose of fhe suljihales of zinc and 
nickel, d’hey have a. sji.gi. ol l'()7(> (Thorpe and 
Watt'-, ('hem. Soe. d’rans. 37, JOG). On heating, 
they iiK'lt in their water of cryKtalljs.ition, lose 
j G mok'culch of water at lolF and the seventh 
! Ill 2m\ 

I A salt also havang the eomjiosition 

' Mg.S04,7ll d) IS occasionally diqiosited from cold 
! siijM'rsaturaied solutions in monoclmio prisms 
isomorjihons with those ot ferrous sulphate 
FeS( ) ,,7 1 1 A ). By cryst allisation of tlie ordinary 
salt above 40’ monoclinic piisnis of a hydrate 
MgS()4,GII d.), of sji.gr 1 734, are obtaineii. By 
drying the lu'jitabydrate over oil of vitriol to 
constant vvi'ight, MgSOj,.'}ll;,(), of sp.gr. 1 ‘SGG 
is obtained. A salt of tho coniposjJ|^on 
MgS()4,2IL(), s|) gr. 2*373, may also be prepared 
by boiling finely powdcicd Fjisom salts with 
absolute aleolnil Tho sp.gr. of the mono- 
hydrale Mg8(,)4,lld) is ^*115 and that of the 
anhydrous salt 2*70!) (H’liorjio and Watts, l.c). 

An oetahydrali; is callable of existence in 
solutions (‘oniaining 32 [i.e. of sodium sulphate 
at. 3G", Init ehanges to the heptahydrate if tho 
amount of soilium sulpliate exceeds 32 p.e, 
(iShiro Takegami, J. ('hem. 8oe. Japan, 11)21, 
42, 441). 

Magnesium sulphat-e is Peadily soluble in 
wati r. According to (Jay-Lussae 1(K) parts of 
water dissolve 2r>'7(» parts of the anliydrous salt 
at 0° and 0*4781 (> ])art for every degree beyond. 
One part of Ffisoni salts dissolves in 0*70 part 
of water at 18*75'’, forming a liquitf of sp.gr. 
1*2032. 

The table tin page 104, due toSehill (Annalen, 
108, 33G), show's the amounts the sulphate m 
solutions of different specific gravitiijs, 

MagiK'sium sulph(vf:.o also dissolves in dilute 
alcohol, but is insoluble in absolulo alcohol. 

Magnesium hydrogen sulphate MgHy (804)3. 
If 2 jiarts of anhydrous magnesium sulphate are 
dis.solved m BK) parts qj boiling sulphuric acid 
of sp.gr. 1 *7 and the solution evaporated at tho 
boiling-point, Mgl[2(804)o is deposited in prisms. 
On cooling, an acid salt of the composition 
Mg804*3H2804 crystallises out in small shining 
tables which fuse and decompose when heated. 

Magnesium sulphate forms an isomorphous 
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).gr. at 2:P 

l^er cent, of 
MgS04,7J1.4U 

1 Per cent, of MgS 04 

1-0048 

1 

0-488 

1 -OOflO 

2 

0-975 

1-0193 

4 

1 -951 

1 -0290 

t) 

' 2-928 

1-0387 

8 

3-004 

1-0487 

1(1 

; 4-878 

1-0587 

J2 

5-854 

1-0088 

14 

0-830 

1 -0790 

i(> 

7-800 

1-0894 

18 

8-782 

J -0997 

20 

9 750 

li iVr5 

22 

i 10-7.32 

11209 

24 

1 1 -708 

i-1310 

20 

12-084 

1-1420 * 

28 

13-000 

1-1530 

.30 

, J 1 034 

j-1048 : 

32 

J 5-010 

1-1700 ‘ 

34 

15-58(> 

1-1875 i 

3() 

I 17-502 

1-1991 

38 

18 -.538 

1-2108 

40 

, 19-512 

1 2228 ' 

42 

; 20 488 

1-2349 1 

44 

j 21 4()4 

1 2472 

40 

22-440 

1 -2590 

48 

23-410 

1*2722 1 

50 

24-390 

1-2850 

52 

1 25-3()0 

1 -2980 

54 

20 -.341 


Hones of doublt' salts will) tlu* sul(^hai(^s of tlu- 
alkali metals, of the ^(-lU'.ral f»)i'mula 
Mf?S 04 ‘M 2 .S() 4 ,()n, 0 . 
which crystalhso m tnonoclinic ])riMms. 

Magnesium potassium sulphate 

« MgK 

is found in the Slassfurt saK (h'posits and is 
known as sc/ioiii/r, also as a \<»l(‘amo prodiul 
(pieroincrilc). It is ])i'o])arcd hy dissolving the 
salts in molecular projiorlions and crystallising. 
It forms inonoelinic prisms. 

Magnesium ammonium sulphate 
]vig(^^H 4 ),(S 04 ),,t;ii,() 

is found in the fumorolcs of Tuscany and is 
known as arbolilc. J^roparod artilicially it 
crystallises m monoclinic pi isms and is iso- 
luorphous with tKc potassium double salt. 

Magnesium silicide (CVmijit. rend. 154, iiG) 
is readily prepared in quantity by ramming an 
intimate mixture of dried quartz powder (200 
parts) with magnesium jiowder (100 parts), 
igniting i^ith a little magn<*sium on the surface 
and covering to exclude air. A bluish- lilack mass 
of magnesium silicide is so obtained. 1’reatmcnt 
witk hydrochlorjp acid evolves a gas containing 
0-7 p.e. of silicon hydrides. 

Magnesium siiicates pecur abundantly in 
naturo and some of them have been prepared 
artificially. The main features of the binary 
system MgO — SiOo investigated by the 
American Geo. physio® 'School are ; magnesia 
has a melting-point oi about 2800*^ ; fosterite 
crystallises at IStK)^’ and forms a eutectiC at 
1850® with magnesia. There is no eutectic 
between fosterite and clino-enstatite, but the 
latter and cristobalite (in.p. 1625°) form an 
eutectic at 1543°. The introduction of lime- 


alumina-silicate into the system not only gives 
rise to anorthite but magnesium aluminate 
(sifinel) MgAl^O^ may result. The more im- 
portant silicates are the following 

Forderitp Mg 2 Si 04 occurs in crystals in the 
volcanic ejections of Monte Sonima. Ebelmen 
(Ann. Cliim. Phys. [iii.] 33, 58) obtained the 
i minora] artificially by fusing silica and magnesia 
j in priqicr jiioportions witb boric acid. The 
I crystals obtained were similar to those from 
; V<isuvius. Forsteritc forms with the corre- 
' sponrimg calcium ortliosilicate {rnnnitciUik) 
' an iHodimoi]»Ju>us group of mixed crystals (V. 

' Po.schl, 'IVch. Min. Miit. 20. 413). 

OhvitK //Mg„Si(),-l FcoSiOj is a constituent 
of many basic rijcks. It crystallises in the 
' rhombic, system. The olive-green and bottle- 
! gieen crystals an', used as g^'instones under the 
j name of jicridof.c'. Magnesium silicate forms 
j i.spmorphoiis imxtiiies with iron oi thosilieate, 
hut there is a gap m the senes (V. Toschl, he. 

' ril.) 

li!mta(ilr MgSiO,, the nietasilieato, occurs in 
i nature crystalliseil in tlu' rhombic system. 
Ebelmen {loc ciL) obtained it by fusing 
; magnesia and silica witJi boric acid in proportions 
corrcs])onding with t he mctasilicatc ; Poschl {he. 
;ci/.) has shown that it forms with diopside 
(('a!VIg.Si,()o) an i.sodmiorphous series similar 
to that given by magnesium sulphate and 
I ferrous sulphati'. 

Sc'piolilr 2Mg03(Si()221l2(.) is a eompact, 
earthy liydrati'd .silicate, sometimes known as 
'meerseluium. 

2^ale lljMg 3 (SiOj )4 occurs as foliated masses, 
eonipaet as steatite ; tiic soft vaiiety is known 
as .soa])s(one oi En'nch chalk. 

I SefjfcnHnc fl 4 Mg,Si 204 forms large rook 
' mas.ses and usually ('ontains ferrous oxide. The 
I fibrous variety is known as ciiryhotiU and comes 
into commerce iiiider the .general name oi 
I asbestos. 

1 Mofpir.'yitm iUamlc MgTiC)^ occurs in natui'c 
I as (p.Ucieliic, 

I Magnesium citrate Mg.dp6lf607)a,14H,() is 

i obtained as a crystal I uK' crust when magnesia is 
! dissolved in slightly more than an equivalent 
{ quantity oi a .solution of citru*. acid, and the 
solution evaporated at about 50°. It is very 
soluble in water, and is often prcferro^iptH.. Ejisom 
.salts as a mild ])urgativ('„j,*n account of its 
])leasanter taste. 

,Tbe citrate of magiu'sia of the shops, so 
])Opular as an ellervescent salt, may be prepared 
by mixing 10 parts of so<Jiuin bicarbonate, 104 
of tartaric acid, 4 of citric acid, about 12 of 
I .sugar, .1 part of ]<lj)som salt.s, and 2 parts of 
' crystallised sodium bisuljihate, and heating on 
an enamelled iron plate until it becomes spongy 
from tlie escape of carbon dioxide. The cooled 
mas.s is then put through sieves of four six 
meshef, jier .square inch. In this granular form 
it is again hciated until quite dry. T’ho solution 
of the granules in water, after the liberation of 
thi' carbon dioxide, contains jirineipally citrate 
i and tartrate of soda and sugar, 
j It may also b(' prepared by making a mixture 
I of magnc'^jum citrate, jircpared by dissolving 
i magnesia in citric acid solution and crystallising, 
I with sodium bicarbonate, citric acid and sugar, 
and i-endering granular by moistening with 
1 alcohol and drying. 
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Tlie mafiiiOBia preparation called (fiiwdor, , crystalline Arolie^n I'ooks of the Adirondack 
used for imioving unpleasant odours and for [ region of Nfew York and in Canada (H. Rios, 
disinfecting and preserving purposes, is obtained | Economic Geology, i\ew York, UlO). 
by heating neutral magnesium acetate with , t C. J. o, 

magnesium oxide until the mass assumes a The 

pasty consisteney. It consists of basic magne- MAHUA or MAHWA FLOWERS. The 
sium^ acetate containing excess of magnesium Howers of Ba^^na h oha &nd Jl hlifolia. 
hydroxide (Kubel, Pat. 18090, Nov. J881). May bo used as a source of alcohol. Ihcy con- 

Magnesium is usually cstmiated quantita- tain dextrose, levulose, maltose, sucrose, 
tivelv W precipitating an aminoniacal solution iientosos, the total sugar being greatest when the 
with sodium or aminonium phosphate. The , flowers arc ready to fall, when it amounts to 

' ■ 'Phe development of the various 

has been 
Indian 

;' 0 utacrwith'lTi;re 3 '’ot'lUtcr‘i)«i.er or oUvor iorm liirt. 'Sc. ■'l«20, :i, 81). Yieldi of akoUol u], to 
of or^mu nuUtor. «y nioisU-mug ll.o lanilod , iK) p.o. of tli.. theorot.Kal were ffltamed bv 
mass with a few drops of ammonium nitrate fermcnfation of a mash of the flowers with 
soluUou and i-elieating the colonr is removed. cultures of the natural yeast present in the 

Volumetric methods em]>loyed foi limestone.s llower with the addition of siilpliurie acid and 
and dolomitcos depend upon (I) defcrmination am monmi i phosphate. Cf. Bassia or Mahsva 
of total Ca(J + Mg() by u(iid and alkali titration flow kks, Vol. I. 

less I he amount of CaO sejiarati'ly estimated. M A ILLECHORT v. Nickel ^ 

(2) Holutjon 111 standard IKl and titration with MAIZE. Zm Mays {Lum.}. Indian corn 
NaOll cold for Cat) with phenoljihthahan as or ^mealies.’ This jilant was grown by the 
indicator ami furthei titration in boiling solution aborigines of America ; it was introdiieed into 
depeiulmg upon the, Lomfilete jireeipitation of Kuio[)e in the sixteenth centni^ 


with socUum or ammonium phospnaie. me , iio«jih iviu 

lireeipitate is wuished with ammonia w^ater, (iO-zP p.o. l he development ^ 

ignitcil and weighed as pyroi.hos])liate. ^'his , sugars at (li ferent stages of growth ha 

occasionally luriis pna^vi.nigui, ion 'jOd.ed by how er and eoadju ors^^^^^ 


magnesia hydroxidti as indicated by a permunent 
i)ink colour. iS. B. 

MAGNESIUM PERHYDROL. Biognt, A 
eoiubiiiatu.ii of liydiogen peroxuh', (p(uli\drol) 
and magnesia and mngnesium peroxide. UmmI 
as an internal antiseptic. 

MAGNETIC IRON ORE v. Maunktjte; Iron. 

MAGNETIC PYRITES V. I’VRRHOTITK. 
MAGNETITE, or Magnetic iron oir. A 

iiunel crono. consist ing of 


and iH now 

exteiisively giown in almost all connti’ies 
possessing sullieiently warm climates. It grows 
to a height of from 5 to 12 or even 15 feet. 

Many varieties of mai/a* are known, ddfei'ing 
greatly in sr/e, sIihjx', colour, and eomposition 
of till* giain and in the arrangement of the 
giam around tlu' cob. 

The aveiagt' eomjiositiou of all vanetii's of 
mai/(‘ has been given umh'r (Iekeals. 

.South African, Ami'ncan, and Austialian 


mineral of the siunel group, consist ing . . , . , 

magnetic oxide ol iron, or FeOTVJ.),; grown maizi's eontain distinetly le.ss moisture 

an important ore of iron (F<‘72-fjM-,). fSharjily than Furopean samp es. M hite and yellow 


...1 important 
(levclo])ed crystals with bright laces are not un 
eommon ; thi'se belong to tll^ cubic .system and 
usually have the lii'm of the i<‘giilai oelahedron 
or the rliombiododeeahedron. ( franiilar to 
eom])aet masses are, how'e\et, more abuiiilant. 


are th«‘ eommoni'st colours ol the maize gram, 
but orange, nil, blue, violet, and even b^ek 
giains are known, as w'cll as slnjK'd oih'h. 

'I'lie sejiarate jiaits ol white Aineijcan horse- 
tooth mar/.e have been anal 3 'K(‘d b^" Flagge and 


J’ f ul Jii the dry nuiiter, ji.c, 
wtiolc Pro- (artieliy- 

Kraiii Water tein KutdiatcsABh 
(i.'iiu . 1 1 78 (1 70 13-75 20 30 it) 00 7-23 

Husks . . o:g. 8 00 8 32 7-04 82-81 1-08 

Horny iMrtot btaicJi 40 70i2-]0 8 04 0'04 01 11 0-21 
Mrali ,, ,, 29 08 '108.0 40 0 03 02 97 0-34 

Wtiolc gnin . 11-38 8-00 5-70 84-01 1'51 

4 

llujikins, Bmith and East (J. Amer. Chem. 
Soc. 1903, 25, 1100) detiermined the distribution 
in maize grains of (a) low (9-89 


The edouriVironddaek with a dull, sub-met albe Lebbin yi 1897 (ipieted by Konig). They 
lustre and a black streak. Np.gr. 5 18; haid- obtained the following insults 
ness 0. Tlie mineral maj' be alwa^-s readily 
roci'gnised by its strong magnetn- eha]-act(‘r : 
small fragments ai'e ])ieked up by a magnetised 
kmfe-blade. Oiilv oeeasionally are spi'cimens 
magnettv, .lath ])()lariiy {v. Wjadstuee) For the 
magnetic properties of varieties of magnetite, 

MX Wilson and Ilerroiiii (Free. Fhy«. Bee. 

London, 1919, 31, 299). The litanife|uus 
magnetiti's, which are also of frequent oeeur- ^ 

renee, consist of an intimate ^^ergrowt i of 

magnetite with ilmenite (m rutde (F d F 

wald, The litamferous lion Ores ^ (12-t)4 p.e.) protein content. Their results were— 

Btates, their Composition and Economic V aluc, j / 1 

U.B, Bureau of Mines, 1913, Bull. (>4). 

As small grams and crysfals, magnetite is of 
wide distribution m many knds of igneous 
rocks, especially the darker coloured wot4i a low 
silica percentage. In such rocks it sometiimis 
forms rich segregations available for mining ; as 
in the Ural Mountains, and at Kiruiiavara and 
Gellivara in Swedish laapland. Other important ! 
deposits, e.y. some of those? in southern Swed(?n 
and Norway, have Ix'en formed by the meta- ' 
morphism of pre-existing iron-ores, where these | 


(tt) 

(6) 

io) 

19-31 

;J0*I4 

18*45 

2-75 

207 

1*85 

53 07 

5903 

()4*88 

23-98 

17 -03 

14*22 

0-89 

L14 

0*59 


(jrcrm 
Husks 

Florny portion 
Mealy portion 
Tip caps . 

They found that tl|j(|gorm contained almost 
all the Oil and about ten times the percentage 
of •-sh of tin* other parts ot the grain. Hopkins, 

Uiwi va av ... iudeccl ( Bull. 55, Illiiiois Agric. Stat. 1899, 310), 

have been subjected to the baking action of 1 finds it possible to classity samples of mawe 
intrusive masses of igneous rock. Extensive i according to their richness in protein or fat by 
deposits of magnetite ore also mined in the ' mechanical examination only, the fat being 
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mainly dopeiident upon the })roportion of germ 
in the grain and the nitrogonouH matter being 
largely determined by tlic pioportion of horny 
or glutmouH matter. 

For j)roteids and oil of mar/o, v. ( 'krkal.s, 

The mjViriouK effect of a diet eonRisting 
largely of maize upon animals has l)C‘en ascribed 
to the absence of ti'y])tophan among tin* ]>ro- 
duets of hydrolysis of Z(iu, the charaeteristie 
protein of mar/e ( Willeock and Hopkins, d. J’liys. 
diem, JOOd, 35, 88); also to fho presence (»f 
much jihenylalaniiK' and lyrosini* among sneh 
prodnels, and the (‘as(“ with Mhieh they split off 
phenolic eom]»ounds, thus jiioducing phenolic, 
jioisoniiig (JLiaglioni, Atti. Jt. Accad. Lincci. I!l()8, 
J7, i. lOh).' 

According to Mc( Vallum, .Simmonds and J’ltz 
(J. Iho!. (!hcm. I Pit), 28, 153) the jiroteiiis of 
maize contain all tJic amino acids csscmtial for 
growth and also (lie acccHsory fa(‘,ors ‘fat- 
soluhii' A’ and ‘ wafiT soluhlc B,’ the former, 
howi‘V(‘r, b(‘ing picsimf m in.'^uftn'icmt (piantify^ 
to allow of nia\imum growth. The addition of 
hultcr effects a iii<irked imiiroveincnt in the 
growth of .inimals wliosi' sok* sourci' of piotcin 
IS mai/e. 'I'he inorganic coni cut of maize is not 
suitable for the uei'ds of iioimal growth. 

'riie ‘ non-nitrogenous ('\tiaet’ ol maize 
consists mainly of stanli ami ci'llulosi*, but 
includes also cane sugar, de\tim, and gum. 

Ah the average of seveial didm-minations of 
tlie sulubk' earhohydruti's m various lyjtes of 
maize, Konig givi'S tiie following numbers : 

In tli(“ 

iNnintter oi oiiimml .siihstanee 



dt'icniii- 

llOIll UiltlOIlh 

8u«.u 

Dextrin 
and Kiun 

Starch, 

etc 

South eastern I'luKtjic 8 

1 *70 

2-83 

01-20 

Italy 

. 22 

2 “^2 

1 -09 

04-4 1 


Flint corn 2;5 

2 '29 

2-:{o 

04-04 

America 

Dent corn Jl 

2 ( cl 

3 •0)2 

02-39 


SwL'ct corn 10 

4 04 

i4-47 

43-47 


(Stone (Bull, 3f, 0. K.\p, St, J4) extracted 
0'25 p.e. cane sugar Irom ordinary aifd 3'5 p.e,. 
from swi'ct maize, but could not detect invert 
sugar in the former, Tolkuis and Washbuin 
(d. Landw. 188P, 37, 5(13) found if ji.e. of glucose 
and 7 '8 p.e. of sucrose and dextrin in sweet 
maize, but only a trace of glucose and 1’78 ji.c. 
of sucrose and dextrin in ordinary maize. 
Stone found about 5 ]).e., Tolicns 7'b8 p.e. of 
pentosans in maize gram. 

For ash of maize gram, r. Cereals. 

An objection In the use of large quantities 
of maize as a cattle food is the effect Avhich it 
has of lo5iermg the nu'ltmg-point of the fat 
})rodueed by the animal {e.(j. bacon in the ea.se 
of the pig, butter m tlie ease of dairy cow.s). 
Maize is too rich m fat and earboiiydiates and 
too poor in ash Constituents, esjK‘emlly hme, fo 
form the sob' ihet of an animal. 

Maize cob — the central portion of the ear — 
consists largely of cellulose and xylan (25 p.e. of 
the latter). American analyses show it to 
contain — 

«» 

Water Protein Fat N-frec extract Crude fibre Ash 
10-7 2-4 0-5 54-9 dO'l 'l-4 

Tt is sometimes ground along with the grain, 
and the product, ‘ corn and cob meal,’ is used 
as a cattle food. 


Maize is also employed as a fodder plant, 
being cut green and either eaten fresh, or, in 
some cases, made into hay or ensilage. Though 
immature maize plants contain a cyanogenetic 
glucosidc (Brunnich, (diem. 8oc. Trans. 1903, 
788), the quantity of liydrocyanic acid present 
— not exceeding 0’5 grain jier 1 lb. of green 
material — is so small, that there is little or no 
dangi'i- of |ioisonmg the animals fed upon tliem. 

Tlie following tahk* gives the average com- 
jiosilion of certain jirudiiets from maize : 



Pro- 


N-frec (k'ude 



Water tcin 

Fat extract 

tihrc 

Asli 

(hci'ii fothh'i 

79-3 1 -8 

0 5 

J2-2 

5-0 

1-2 

(Silage 

79-1 1-7 

0-8 

Il-O 

0-0 

J-4 

Straw 

15-0 5-0 

1 "5 

34-5 

39-2 

4-8 

Bran 

12-5 9-9 

3-0 

01-5 

9-5 

3-0 

Maize germ cake 

il-O 21-0 

!»-0 

43-8 

9-J 

0-1 

(Joni (S;, cob meal 

15-1 8-5 

3-5 

04-8 

o-t; 

1-5 

(jl) ltd) meal 

9-() 29 4 

0-8 

52-4 

1-0 

0-7 





Jl. J. 



MAIZE OIL (Corn oil) IS obtained from the 
genus of the maize jilaiit, Zf r/ il/i/es, L. The 
germs are leeovered. m the ])roeess of niami- 
faeturiug starch, by sitting ami winnowing them 
from the starch gianules m which they are im- 
bedded. d'he oil is therefore a by-produe< of 
starch and glucose works using maize (corn) as 
their raw material. 

Formerly maize oil was obtained as a by- 
product in alcohol distillcnes M’hen the malted 
and erushefl gram was allowed to ferment, the 
oil was laid bare and rose to the top in 
the fermentation vats. Ih fore distilling off the 
alcohol, the oil was ladled oil and jmntied in a 
crude fashion by w'ashing, lilteiing, and ‘set- 
tling.’ Since, liow'ever, tlu' presence of the germ 
imjiarts an niijilensant llavoiir to the spirit 
obtained l>y fennentation, and the oil so re- 
eovereil was very impure, aiitl liad a different 
eharaeter from the Ol] ('\p]’ess(‘(l from the germs, 
the older |)roeess of fermenting the crushed 
grain has been abandoned. Nowadays, the corn 
IS fii.st. malted, beaten iiji with water to a fine 
jmlj), and tlie germs are se])arated from the 
starch by sieving. At jircsent, maize oil is manu- 
factured on a veiy large scale, from the isolated 
germs by expression in hydraulic presses, hi a 
dry condition, the g^.rnis eontam of oil, 

and yield in practice about JP ji.e. The whole 
grain contains about 4 (o 5 ]> c. of oil. 

Jn the procesh patented by Lenders and 
Bauer (U.S. Pat. 1225()ti4 of 1917) maize is 
.steeped in a solution of sulpliurons or other acid, 
and then eiushed and separated from the germs. 
The lattiT are washed in water containing 
sufficient alkali to neutralise the acid left from 
the steeping, and are then dried and the oil 
expressed. 

Maize oil, if 'qirojierly prepaivd, is clear in 
colour,* and does not require rehning for com- 
mercial purj)oscs. If, however, the oil is badly 
prejiareil and allow^ed to stand in contact with 
albuminoid matter, it undergoes a process of 
fermentation, whendiy considerable quantities 
of free fatty acids are produced, and acquires a 
dark colour winch renders it unsuitable for 
light-coloured soaps. Such oil is therefore 
bleached in soap works in the same manner as 
linseed oil. 

By distilling, the freshly expressed oil with 
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steam for several hours lower esters are dis- 
soeiatod, and the residual oil, when washed and 
dried, is lighter in colour and less acid, and is 
more suitable for food. 

The freshly prepared maize oil is of a pale 
yellow or goldeu-y(*llow colour, and has a dis- 
tinctive odour; its taste is ])leasant at first, 
and is most characteristic in that it resemhles 
that of newly ground corn-meal. It is thero- 
I'ore possible to identify the oil by ds taste 
alone. 

Maize oil is eharaclerised by it.s high amount 
of unsaponitiable matter, amounting to as much 
as 1 -55 and even 2 :}2 p i . 'I’be unsaponitiable 
matter consists <jf lee itliin, and of an alcohol 
winch appears to be identu'al with sitosterol 
(l)hytosterol). 'I’be sp gr. of mar/e oil is (H)2ir> 
to 0*027 at 15 5 ". 'The Ka])oiulication ^allle is 
190 to 192, and the lodme value vanes bet ween 
120 and 100. • 

'rho saturatisl fatty aeids in maize oil nmoiint 
to about 5 ]) e. and a])])ear to consist of |)alinitn*, 
stearic, and ai'acliidic aeids. As to li(|uid fatly 
acids, liiioletiic acid is absent , but tin* oil eontain.s 
coiisidm’ablc amounts of liuolic acnl in addition 
loolcic acid Haughuin and Jamieson (J. Amer. 
('licm. So( , i!)21. j:!, 2(>tM)) found mai/.e oil to 
eoiisK'.t of gIyecrid(‘H (J' tlu* following fatty acids : 
olcic,4r»-} : 'linolic, 10 9; jialmitic, 7*7; .stearic, 
O'.-i. aracludic, 0*4, and liqiioccric, 0*2 p.c 
No bypoguK' acid vas im'scnt. 'I'be oil lias 
somewhat' better diying jiower.sihan cotton-S(“ed 
oil, but differs from the latter in that it is n<^. 
oxidisi'd with equal ciu'i'gy when finely sub- 
dividi'd on cotton wasti*. 

Well-rehnetl maize oil is us(‘d for edible 
pur])oses (‘salad oil ') Sima* its ‘giainv’ taste 
IS objcctionab'le, the edible quality is frequently 
a mixture of maize oil with edible cotton oil and 
other edible oi's. Mar/e oil is also used in the, 
manufacture of il^argarine (‘oleomargarine of 
the United States), as also in the manufacture 
of compound lard (nqiUu ing cotton s(rd*oil). i 
Such maize oil as cannot be employed for edible j 
]nirpo.ses is used cbiefly in the manufacture of i 
soft soap, for wbieh it is eminently suitable. A , 
cotti ii ‘softener’ largel> usiat in the United I 
States contains maize oil soft soap. Maize oil is ! 
not suitable for bard aoaiis of ae^‘eptal)le (piabty. 

‘ • j.L. ; 

MALACHITE.* -An ore of co])]K*r, crystal- j 
lising in the monoclinic systmn, but usually j 
occurring as mamillated and botryoidal fo*ms, , 
or as fibrous, compact, or earthy masses of n I 
bright green colour. It is a basic eopiier car- j 
bonate H.^Uii/'() 5 .(or UnCO-j fUnOoH having j 
a f^p.gr. of 3*9 to 4*(l, and hardness to 4. j 
Heated in a tube, it evolves watiT and turns 
black, while on charcoal it yields metallic copper. 
Malachite is frequently found as an alteration- 
product of other cojiper ores, llnd ociuirs as a 
pseudomorph after oujirite, ^ c. If derived 
from copper jiyrites it is generally accompanied 
by liraonite. Malachite i'-* not only important 
as an ore of copper ((’ii, 57*4 p.c.), but is valued 
as an ornamentnl stone, since it takes a good 
jiolish and is prettily marked with light and 
dark green hands of colour. It is chiefly used 
for vases and small boxes, but its comparative 
softness stands in the way of its extensive use in 
jewellery. Large slabs are not generally attain- 
able, but small pieces are skilfully joined 


I together, the interstices firing filled in with 
I powdered malachite, and the wlmle polished ; 

in this way it becomes easy to employ it for 
! inlaid and encrusted furniture, especially fur 
.table-tops of considerable size. Malachite is 
also used to a limited extent as a gre'on jnginent, 
but the term ‘ malaelnte green ’ has been ex- 
tended to certain organic dye.stulTs. Mnlaclutc 
is widely distributed as a mineral, being found 
III greater or less i|uantity in most copper 
deposits, hut the finest examples occur near 
N izbni-Tagilsk and (Inineslu'vsk in the Ural 
Mountains, at Burra- Burra and Wallaroo in 
South An.stralia, Nama<iiialand in South Africa, 
and Hwana Mkiibwa m Northern Ij^odesia, 

MALACHITE GREEN, VICTORIA GREEN, 
BENZAL GREEN r. 'riiiniicNYi.wKTiixNii 

CUMUJRINQ MATTKHS. 

MrtLA^ON. One of the seviral names that 
liavo at different times been applied to altered 
^ind hydrated forms of zircon (i/.e ). I bis 
name (from /xaKaiciU, soil) was originally given 
by J’. Scheerer, in iHtI, to bluish-white tetra- 
gonal crystals oceiiinng m granite-pegmatite 
at llitleui in Norway, winch differed from tlie 
u( CM mi] »a living zircon in containing J }>.c. of 
water, and in their lower degree of luirdness 
(11. about!), instead ol 1\ as for ziicon). 1 bo 
material is optically isotropic, has about 

3*9, and is often somewhal ladioaetive. When 
' heated, it suddenly glows brightly, and gives 
off water and gas'; it then has the jiroperties 
of ordinary zircon. 'I'ho gas given otf consists 
largidy of carbon dioxide, together with sonic 
' hydrogen, nitrogen, helium, and argon ((.'• !?• 

: liogley, Phil. Mag. 1999, 18, 072). Similar 
' altered zircon, rchured to ‘malacon, lias been 
i describ(*d from Uhanteloube in France, the 
! Ilmen Mountains in the Urals, and sev 4 iral 
I other localities. J’liat from Madagascar ron- 
I tains 9*5 ]).c. water (A Lacroix, Mineralogie 
' do Madagascar, 1922, 239). J-<. 3. S 

MAL4KIN r. SyNTtiHTic dhuus. 

MALARIN. 'I'l-ade name for the citrate of 
acetopheiione-iihenetidide, prepared by heating 
equivalent ])roi)ori ions ol acetophenone and 
p-phcnetidiue either alone or with adrlition of 
dehydrating agents. ('rystallises in yellow 
needles, m.p. 8H‘', readily soluble in hot alcohol, 
ether, or glacial acetic acid. ^ 

MALAYAN CAMPHOR c. Omchors. 

MALE FERN e. Filix-mah. 

MALEIC ACID r. Ftjmariu acid. 

MALIC ACID, llydrojrysucctuic and {Acide 
mah'iuc, Fr. ; Afjtfii Uer.) , 


('H/'OOH 
(!H(()n)('OOH. 

’Phis aci<l contains an asymmetric carbon ulom 
and hence can occur in three modifications, viz. 
a dextrorotatorv form, a Imvo-rotatory form, and 
an inactive variety. The laivo- rotatory variety 
occurs frt*e or in the form of salts in many ^laut 
juices and hence is freqiaently termed ordinan/ 
inahe acid. /-Malit; acid was d scovered by 
Schiele 111 178.7 in sour apples, and Liebig in 1832 
ascertained its composition. The inactive acid 
was first obtained by Pasteur in 1852 from 
inactive aspartic acid, and by Kekul^ in 1801 
from bromosucrinic acid. The d*aeid was firs 
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obtainod by lirotnnr in tbo rcdiution of d!-tar- 
taric acid. 

Prcpamlion. — I- Malic acid occurn free in 
unripe grapes (Ordonneau, Hull. Soc. chim. 
1801, 201) in a])plcH, gooseberries, .strawberries^ 
ehorrios, tomatoes (Albahary, ( ^onipl. rend ; 
131), mountain ash berries {Pj/rm AucAipmia) \ 
(Liebig, Ann. 0. 141); in the berries of Hippo- \ 
phai rlinmiKiidcfi (Erdmann, Her. 1800, 3351); ! 
and of Pnbcii^ rnlgun'i ; in honey (Hilg(‘r, j 
Zeitsch. Nahr. (lenus.sm. 8, 110, Earnsteiiier, 
ibid. 1008, 508); in fruit jiiiees (Kun/. aiul 
Adam, Chem. Zeiitr. 1000, i. 1840); in ferns 
(Regnault, Ann, ('him. Thys. J83(t, 208); in 
tamarind ffdam, (!hem. Zmitr. ItiOo, ii. 1042); ; 
in bnohal) fruits (EramL and Marekwa'd, ] 
Cliem. Zeit. 1011, 587), &e. Suint eontains I 
jiotaHsiuin miihite to the extent of 24 ]).(. of i 
the solid rc.sidue and it is a product of (ixendion 
(A and 12. Hiiisiru', tioinfit. rend. A)0, 142(i) ; 
j-malie aeid is also found in the (‘aleium ])re- 
cifiitate formed in the treatment of beetroot 
(Li})pmann, Her. 1801, 3200). It can be pre- 
pared from the unripe berries of Pi/ru'^ Aticii- 
jiarui (Ehrh.) (Hagen, Annalen, 38, 257), or of i 
Ikrbirn rnhjari^ (Linn.) (Lennsen, H(‘r. 1870, 
00(1) in the following manner The expressed 
juice IS evaporated, liitered, heated to boiling, 
and saturated with milk of linu*. 4'lie ealeiuni 
inalate which He])arates is dissolved in hot dilute 
nitrio acid (1 ; 10) ; on cooling, the solution 
deposits the a<'id inalate, whie.h is puidiial by 
reorystalliRiition from water. In order to 
obtain mnlie acid from it, its solution is pie- 
ci]»itated with lead acetate and tlu* lead .salt 
is decomposed with sulphuretted hydrogen 
(Broaksmit, Phann. Weekbad. 42, 037) 'I'he 
precipitate known as ‘ sand ’ which is formed 
during the eva])oration of maple s.ij> eontains 
OO-'SO p.e. ol calcium inalate ami constitutes a 
readily availabU^ source of malu! neid. The 
annual production (d ' .sand ’ in America and 
t;annda is cstimati'd to be 100-330 tons, corre- 
sponding to 50-- 1 05 ions of ealeiuni malote. Malic 
acid may be obtainial from the juice of ebernes 
or grapes by means of the cinchonine salt, which 
is very insoluble, the einehoniiie salts of the 
other acids remaining in sohition (Limkd, Hull. 
(Soc. chim. 1890, 15, 1100). Castoro recommends 
separatmg malic acid from the expressed juice 
of the rhubarb, ly which it occurs as the acid 
potassium salt, by means of its strontium salt 
((diem. Soc. Ab.str. 1902, i. 259). Sahasrabuddlie 
(Agric. Rep. Inst. Pusa, 1914) describes its 
])reparation from Ciccr arkhnmn ; the aeid 
secretion «?f this ])lant contains 19 parts of malic 
to 1 part oxalic acid, it is washed off the plant 
every 6 days, and furnishes considerable quan- 
tities of malic acid. 

/-Malic acid ^^aii obtained from i-chloro- 
or /-bromosuceinic aeid through the action of 
moist* silver oxide, mercuric oxide, &c,, or from 
d-chloro- or d-bromosuccinic acid by the action 
of potassium hydroxide, or hydroxides of the 
other alkali metals (Walden, Ber. 1896, J35 ; 
1897, 2795, 3148; 18f/9, 1833, 1863). It can 
also be obtained by the action of nitrous acid on 
/-asparagine or /-aspartic acid (Walden, t.c.) ; 
and by the action of Bor. aerogenea on Bucoinio 
acid (Ber. 1899, 1916). By heating the am- 
monium salt of inactive malic acid to 80®, the 
active salt orystalUses out from the solution of 


the inactive salt (Kenrick, Ber. 1897, 1749; 
Van ’t Hoff and Dawson, ibid. 1898, 528). 

d- Malic acid ooeuns naturally m Crasmlacecc 
(Aberson, Bci. 1898, 1432; Walden, ibid. 1899, 
2706). It can be obtainod synthetically by 
methods similar to those for obtaining /-malic 
acid (Walden, l.c . ; Piutti, Ber. 1886, 1693 ; 
Bremer, l.c.). Racemic aeid can be redu(3cd to 
inactive malic acid, which can be resolved into 
(I- and /-malic acids by cinchonine (Bremer, Ber*. 
1880,351; Rec trav. chim. 4, J80). 

Imirlivv 7nahc acid can be prepared by 
inediod.s similar to 1hu.se above (Tanatar, J, 
Ru.s.s. Phvs. (Jliciii. Sue. 1891. 1 . 339 ; Annalen, 
273, .37 ; 'Van't Hull, Her. 1885, 2170, 2173). it 
IS al.so oblainial by lu'uling funiaric or maleic 
acids With cuuslic soda to 100"’ (Van’t Hoff, l.c. ; 
Lloyd, Annalen, 192, 80 ; Hrcmer, l.c. ; 8krau]), 
Monat.sli. 12, JJ3); by heating chloral and 
jui, Ionic, acid with acetic aeid and treating the 
y-(riehloro-/Lliydroxyl)utvnc acid thus formed 
with potassium liydroxide (CTaizarulli-Thurn- 
baekh. Monatsb. 12, 556); and by reducing 
oxalacetic acjd with sodium amalgam in acid 
Rolulion (Wislicmius, Her. 189J, 3416; 1892, 

2448). 

Properties. - hiaclive itialiv acid. Melts at 
130"-I3D; sp.gr. 2U®/4® 13)11. Alliiiity con- 
stant (Walden, Her. J896, 1698). The diethyl 
ester is obtained by reducing etliyloxalacetato 
with aluminium amalgam (Wislicenus, J. pr. 
(.'hem. 1896, jii j 59, JS) Dieleelnc eoiciant 
4 ‘K Diude, Ziut.sch. jihysikal. Chem. 23, 310). 

d- Malic aeid. Pliy.mca! properties, v. l-ntalic 
aeid. 

I- Malic acid. Cr;v ''bdlises m colourless 
needlc.s, m.p. 1U0"\ Very soluble m water or 
alcoliol. Rotation ol aeid (c. Nasini and Geman, 
Gazz. ehim. ital. 25, i. 422 ; Zeitsch. physikal. 
Clicin. 1896, 19, J 13 ; Wint|iei, (Hiein. Zentr. 
1896, 11 . 22 ; Woringiu, Zi'ilseii. })liysikal. Chem. 
1901, 36, 336 ; Stublis, Trans. Chem. 8oe. 1911, 
2265). Thermal constants, v. Massol. Ckimpt. 
rend. 113, 800. Dissociation constants, v. Hmith 
and Jones, Amer. (;hom. J. 50, 1. I'he esters 
are prepared by adding dry silver malato in 
small quantities at a time to an excess of alkyl 
iodide and com])Jeting the reaction by heating 
on the water-bath; or by tr(‘atin g ^q.lic acid 
and an alcohol wiAi hydrochloric or sul- 
phuric acid. When the forfhVr method is used, 
a small quantity of a more active substance is 
always present, e.g. in the preparation of ethyl 
inalate, ethyl ethoxysuceinate is also produced 
(Purdie and Lander, (2hem. Hoc. Trans. 1898, 
293; 1‘urdie aud Pitkeathlyi, ibid. 1899, 154). 
The dimethyl ester boils at 129® (16 mm.) and 
has sii.gr. 1 *2.301 at 20®/4® ; the diethyl ester 
bods at 138® (25 ,mm.) aud has sp.gr." 1*1340 
at 20/4® (Purdie, l.c. ; Walden, Zeitsch. physikal. 
Chem.J896, 17, 245; Frankland and Wharton, 
Chem. Soc. Trang. 1899, 338). Rotation, v. also 
Anschutz and Reittor, Zeitsch, physikal. Chepi. 
1895, 16, 493; Clough Trans. (Jhem. Soc. 1916, 
96. Dielectric constant, v. Walden, ibid. 46, 
103. According to H. Traube (Zeitsch. Kryst. 
Min. 1899, 31, 160), the best method for the 
preparation of the salts of malic acid is by the 
interaction of strontium hydrogen malato with 
tho sulphate of the metal. A detailed account 
of the composition and crystallographic pro- 
perties of the salts is given. 
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On boating malio acid to 100° for 24 hours, 
there results nmlomalic acid C5H703{C02H)s, 
and on heating in vacud at 1 80° there is formed 
an anhydride, malidt CyH^Og and small qiian- 
iitie.s of fumaric acid and maleic anhydride 
(Wcildon, Ber. 1800, 2710). Prolonged heating 
at yields funiarie acid as the main 

product, and at 180°, fumaric acid, malei<‘ anhy- 
dride, and water are formed. Oxidation with 
hydrogen pcroxidti in the jire.sem'o of a ferrous 
salt yields oxalacetic acid (Fenton and .loncs, 
(llicm. Soc. Trans. 1000, 77); with hj'drogcn 
peroxide in a sealed lube at 120'\ tartarie acid 
(Ziiino, Moil. iScieiit. 1(1, 11. 400) ; witJi polasMum 
pi'nnanganate, oxalaeetie aeid (Demgi'S. Cnmpt 
rend. 100, 02) ; with nitric acid, oxalic acid ; 
with potas.sium dichromatc, malonic acid. Re- 
duction willi li^’driodic acid yi<4ds succinic acid. 
By heating iiialu; a(‘id with snljiliuric acid, the 
half aldi'liydes of malomc, acid and formic a^d 
arc produced, the former of which is cliaiigi'd 
into coumalK! and tnmcBic acids (VTm Bi'chmann, 
Annalmi, 2(14, 2(11) : heating with glycerol gives 
rise to carbon dioxide and acrolein (d»', (Vminck 
and Raynaud, Compt. rend. 105, 1051). Heating 
with ('\c('ss (.f alcolK'lic {lota.sli results in racc- 
misation (McKmi/io and 'J'iionqison, 'I'rans. 
(!hem. iSoc. 1005, 1004). darbon dioxide, 
acetaldeliydc, and ciutonic aldcliyile an* formed 
by lh(^ electrolysis ot a concentrated aijiu'ous 
Holution of tlie sodium salt (Miller and JIafor, 
Ber. 1801, 170). The coumarins arc produced 
when malic acid is heated with phenols and 
sulpliuric aeid (Pi'chmaiin, Ber. 1884, 020l^ 
164()). Benzuldehyde and malic acid in piperi- 
dine at 150°-1(>0° react to torm /^-benzoyl 
projiiomc aeid (Ma3Thofer and Ncim'th, M»>natsh. 
1900, 24, 80). Heated with hydiobnmiic acid, 
malic acid yields bromosueemic acid and with 
phosphorus pentachloride chlorosucciuie acid. 
A concentrated ililution ot an alkaline iiialate 
gives with calcium (4iloride on boiling n. jircoipi- 
tate ol calcium malato. Ammonium Kaltti^jire- 
vent the jirecipitation ; addition of alcohol aids 
it. Riniiera (Fompt. rend. 1807, 124, 201) uses 
as a reagent a sohilioii containing 0*02 gram 
/J-nuphthol per c c. strong suljihuric acid. If 
0*05 gram of dry sulistance is added to 15 drops 
of tlie reagent in a porcelain dish and malic acid 
is prci?eiiu?ka yellow-greeif coloration is pro- 
duced, changing 4c. light yellow on heating and 
orange on (lilution. I)e Coiunck (Bull. Sue. 
chim. 1014, 93) states that a red colour is g^veii 1 
on adding calcium salicylate, h'ss stable than ! 
that produced by succinic acjd. Details as to I 
estimation v. Clowes, .1, Amcr, Chem. Soc. 1008, { 
30, 1285; Rozzio-Escot, Bull. 8oc. chim, Belg. ■ 
1008, 22, 413. riioto-chemical decomposition I 
of solutions of malic acid gives formaldehyde, | 
acetaldehyde and formic, at'etic, glycollic, and | 
oxalic agids (Spoehr, Biocliem.^eitsch. 57, 05). 

Malic acid is present in wries ^ Mayer, 
Zeitsch. bffentl. (’hem. 10(H), 15). When fer- 
mentation is earned out with pure yeast on 
stierile musts, no decomposition of malic acid 
occurs until the wines become contaminated 
with micro-organisms in the ordinal y cellar 
ojierations. Then gradual fermentation sets in 
and tliis liberates the carbon dioxide necessary 
to prevent premature deoajy (Rosenstiehl, 
Compt. rend. 1008, 147, 160 ; cf. Mestregat, ibid. 
1907, 145, 200; Emmcrllng, Ber. 1899, 1915). 


‘ Lebedew showed, however, that aolutions eon- 
j taining 2 p.c, malic acid are fermented by certain 
yeasts, higher concentrations being more feebly 
attacked ; the products are lactic acid and COj 
j (J. Soc. (’hem. Ind. 1917,390). Seiflfort (Chem. 
j Zentr. 1903, ii. 257) has shown that'malio acid 
j is gradually converted into lactic acid by an 
' anecrobir micrococcus {MicrocoiTu^ mntolncticm ) ; 
this IS also brought about, by Bacillus lactis 
aemjtns (Fmmerhng, l.r.) Bacillus cloaccB in 
the prc.senco of oxygen givi's aci'tic, succinic, 
and carbonic acids (4’liomp.son, Rroc. Roy. Soc. 

B, 84. 500). 

Jh’lection and estimainm in wines and. frvif 
juices^ V. Sclitimder (J. Soc, Chem. liid. 1890, 
lOtiS) ; Micko (Zeitsch. anal. (’hem. 405 ; 32, 
481; (’hem. News. 08, 280); Hilger (Chem. 
Zciitr. 19()0, ii. 597 ; Zeitsch. Nahr. Oenussm. 
1993, (5, 721); Kunz (Apotli. Zeit, 1005, 20, 
077) ; Me^tzciat ((’ompt. rend. 1900, 143, 186 ; 
Ann. Chim. anal. ]0()7, 173; 12, 194); Jor- 
gensen (Zeitsch. Nahr. Cenussm. 13, 241); 
Hcide and Steiner, ilnd. 1909, 17, 307); Diitoit 
and Duboux (Bull. Hoc. (Jiim. [4], 13, 832). In 
(obaccOf Kissling (Chem. Zeit. 1898, 22, 1 ; 1899, 
23, 2). In cider nncfjnr, Leach and Lyihgoe (J. 
Amcr. (Oiera. Soc. 1004, 25, 375). 

Ammomani nialalc is prepared by leading 
dry Nil;, into an ethereal solution of the acid 
(IVicMaster, Arniir. Chem. J. 49, 294). 

Copper mnlaie (’411,03011 hard rhombic 
crystals inaoluhlo in water. A soluble cupri- 
malate is also described (Pickering, Trans. Chem, 
Soc. 1913, 1354). 

For malates of heavy metals v. Pickering 
Trans. (Jhem. Soc. 1010, 235. 

iHoMalic acid, Mothyltartronic acid, v. 
Tartkonic acid. 

pAmMalic acid. ^-Jlydroxi/iaosuccink acid 
Cll3(0H)CH(C02H).^. The ethyl eater is ob- 
tained by treating formaldehyde with hydrogen 
chloride and adding to the solution ethylsodio- 
malonato ; the product is hydrolysed with 
])otaHh a^d the acid so obtained is a syryp de- 
composing into acrylic acid on heating (CJoops, 
Reo. trav. chim. JOOl, 20, 430 ; ( Ihom. Weekbad. 

1, 635 ; cf. 'J’anatar, Aiinalon, 273, 44). 

Ciirainalic acid. a-Mcthylmalic acid 

( JO2 H -C H 2(( TI 3 )C( OH)COaH 

Prepared from acotoacetic ester by means of 
hydrocyaiiic acid and hydrocMorio acid (Michael, 
j! pr. (Ihem. [ii.J 40, 287 ; Demaroy, Bull. Soc. * 
chim. [ii.] 27, 120; Morris, Chem. Soc. Trans. 
1880, 0) ; by the reduction of chlorocitramalic 
acid, which is formed from citraconic acid 
(Carius, Annalcn, 129, 100 ; Morawslfi, J. 1878, 
721) ; by the action of NoOj on methylaspartic 
acid (Piutti, Ber. 1803, 2040) ; by the action 
of caustic soda on jS-bromonyrotartaric acid 
(Ssemenoff, J. Russ. jPhys. C'hmu. Soc. 31, 289). 
Melts at 115°-117° and on heating to 200° de- 
composes into water and citraconic anhydride 
(Wislicenus, Ber. 1892, 190). 

^•Mcthylmalic acid 

COaH*CH(OH)€H(CH,)COaH 

Pripanid by heating the ester of methyloxal- 
acctic acid with sodium amalgam in aqueous 
solution (Wislioonus, Bor. 1892, 199). Colour- 
less syrup. 

MALLEABLE CAST IRON v. Tboh 
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MALLEBREIN. Trndo namo fov aluininium barbituric acid (Mnrjori, CheiTi. Zontr. 1800), 
chlorate. ii- 100). 

MALLET BARK. The bark of Kumlirptiis DeterHon and E.^iiniaiion.--Ma\omc acid, or 
oceft/enfa/w ff>'«nd in Queensland. 'Em- its esters, mixed with anhydrous methyl or 

ployed in tanning ; enntains from 80 to 50 ]).c. ethyl alcohol, containing hydrogen chloride, 
of tanning' substance. Tlu' commercial extract heated for a few minutes and then neutralised 
haw a density of 22^-24'^ 1>. and contain^ liO liO yi^dds on addition of an olooholio solution of bro- 
p.c. of tanning Huhstauoo, nionicthyl furfuraldoliydc and roiidcring slightly 

MALLOTOXIN n. Kesins. , alkaline with alcoholic iiotassiuin hydroxide an 

MALONAL, MALOUREA. Syr.s forVeronallinten.se bhu' (luorcscence, Kenton (Pro. Vamb 
^ j Phil. Soc. lid 4, 17, 477). Bouganlt (J. Tharm. 

MALONIC ACID (41,(('0()H).„ the seeond ' (‘hern. 101.8, ] \ n.] S, 28!1) suggests tlie formation 
member of tlie oxalic acid scrii's, wa.s first ' of ciiinanivdidcnc malonic acid as a means foi 
]>re])ai’ed l»y 1 Usssaigne.s by oxidising inalu acid | dct-cctiny malonic aci<l. Malonu acid or its salts 
wit h jiotnsNiiiin dicliromatc (Annalcn, 1858, 107, may be estimated Oy oxnlatioii witli ]icimangan' 
251), and‘*^Vas found hy Lip)»nia,nn among tli<‘ j ate at 80 -OO’ first in aiad and then in allsaline 
calcium salts iormed in lu'cf siig.ii inamilai line ' solution, and titrating tlu" c\( css of ])ciniangan- 
(Bcr. 1881, 14, 118.8). Calcium malonatc lias | ate (Durand, Ann. Clum. ..nal 100.8. 8, 880; 
been found in a lerniented .solution of .siicro.se I Cameron and McKwan, Clicin Soc. I’roe. lOlO, 
containing linic-watcr (von Lippir.ann, Hm-. ■ 2^, 144). 

1020, 58 [K| 20(10). Malonic acid (an be! 'I’lie malonic acid contained in maple pro- 
obtained by oxidising cnidi' .saroolaetic acid \ duct.s is (‘stmiatcd by ))rcci])itation vvitli normal 
with jKitassuini dichroinak' (Dossois, Zcit.sch | lead acetate and converting tlie waslied precipi- 
C‘hem. 1 8(1(1, 440) ; or allylene or [irojiyliaie with ! tate into lead sul|)liate by evaporation with 
])otassmm }icnminganate (Beithelot, Annulen i nitric and suijihuric acids (Albeit P. iSy, Cbem. 
(Su))l.) 18(17, 5, 07), by tin* action ol fuming | Zentr. I'.HKl, ii. 714) 

nitric acid on bcxabi oniomctbylctbyl ketone i Salts. Maloni'; acid is a strong dibasic acid 
(Dcmolc, Her. 1878, 11, 1714);* or of boiling | forming both acnl and normal .salts, and the 
baryta W'ater on etliyl cliloroucrylati' (Pnincr, j following salts arc described; aininonnim, 
ihuL 1875, 8, 0()8) ; or of Silvia- (»\id(* at 12.5"' on barium, cadmium, calcium, <(‘1111111, cbroiniiim, 
ethyl dicliloroacrylalc (Walladi, Annalcn, 1878, | cobalt, co]»pcr, mm, lead, btbuini, magnesium, 
10.8, 25): by boiling bromoimicie acid with ; manganese, nickel, jiotassium. sil\cr, sodium, 
baryta wati'r (.lackson and Hill, Her. 1878, 1 1 , ■ strontium, uranium, /iiu , brminc', ])yridinc 
280); or by boding barbituric acid with alkali |tMass(d, Ann (‘bim. JOiys 1801, l\ii.l, J, 184; 
(Baeycr, Aunalon, 1 804, 1.8(1, 148). Malonic ac id Fink(‘lstcin, Annak'n, J.88, 888; Miczynski, 
is best prepared by tlic bvdrolysis of (‘vanacctic I Monalsb. 7, 2(>0 ; Biniltacli. Kilian, Annalcn, 
acid ((’onrad, Bcr. 1870‘ 12, ‘710; Boiirgoin, dOdO, .8()8, 110; Howe, ,1. Anu‘r. (8iem. Soc. 
(Vimiit. iviul. 1880. 00, 1280). Emb'mann j 1008, 2.5, 444 ; Werner, ( ‘hem. Soi-. 8'raiis. 1 9()4, 

{[), B B. 18.8828, 1007) lias (b‘\ isi-d a mi'tbod i 144; Jjord, .1. Phys. ( ‘licm. 1007, 11, 178; 
for preparing malonic acid from abictie acid I Motooki Malsui, .T. (‘oil. Sci. 'Tokyo, 1008, 25, 
and! the accoinjiaiiying re.sins, liy liydrolysing li. 1; ilcintzcl, Aiin.ilcn, JOO, 120; Mnldci, 
the resm or abietic lu id with .sodium bydroxiih', i Bull S(»c. ebim. lii.i 20, .5,82 ; Fay, Ainer. (’bcm. 
oxidising the jirodnct with ])ermanganate at 0% ; 8. L8, 281 ; Hilditcb, (’hem Soe. 'Trans. 1000, 
and sejiarating the malonic acid from the mixture 1 1580; Keisi'r and McMaster (Amor (8iem. .7. 
of acids by means of its sparingly .sobil)’lc calcium 1018, 40, 84 ; Flack, Zoitscb aiiorg. ( hem. 1018, 
salt. Malonic acid also occurs among the decorn- 82. 178; Mazzucclu'lli and cPAlcco, Atii. B. 
position products obtained by hydroly.sing cc'llu- Aecnd. Lineei, 1012, |v.] 21, 11, b20 ; Tranbe 
lose nitrate \\ith coiici'iit rated alkali solution and (ifoodson, Ber. 1010, 40, 1070; Werner, 
(Bell and Fodor, (‘hem. Zmitr. lOJl, ii. 1080). Annalcn, lOll, .880, 1 ; PfeitTcr, Bcm. 1014, 47, 

Properties and r(aclion.<i^ Malonic acid 1580). t ^ 

crystallises m large triclinic jilatcs. 111.}) 188''- For toluidine liydrugwi, inaloiiates, see 
1.84*^, decomjjosirfg at a higher temperature (Iriinwald (,T. jir. (Oiein, 1013, [ii,] 88, 170). 
into carbon dioxide and acetic acid (for its rate For the absorption spectra of salts of malonic 
of deconijioei lion, .sec IJinshelwiXxl, ('hem ISoc. acicl v. W'right (('hem. ISoe. Trans. 1918, 108, 
'Trans. 1920, J17, 150); when heated under a 528). 

pressure of 8-10 mm. it “ubliines unchanged : hkir the dissociation con.stant of the neutral 

(Krafft afid I^oc'rdlingcr, Bm-. 1880, 22, 810). ; sodium salt v. Datta and Dliar, (’hem. 80c. 
For its solubility in alcohol and in edher v. j Trams. 1915, 107, 82()). 

Lamouroux, (kunpt. rend. 1800, 128, 000 ; | Esters. The W/<i// c.s(rr C‘H2(C’O..Et.)2. can 
Klobbie, Zeitsch phy.sikal Fhcm 1807, 24, 015. be prepared from ihaloriic acid by the ordinary 
Malonic acid*’clis.solve,s in hot acetic anhy- procebsc.s of e.st€*.ibcation (Finkc'kstein, Aunalon, 
dride to give a ycllowdsh-red solution with 0 1804, 188, 838; Conrad, Ber. 1870, 12, 749; 

strong yellowish 'grimn lluorcseonee, intensilitxl Phelps anfl 'J’lllotson, Amer. J. Sci. 1008, 
by the addition 'of glacial acetic acid : the [iv.] 2(i, 248) ; but it is more usually prepared 
reaction is sensitive, being jirodueed by a by heating eyanoacetie acid with absolute 
milligram of the acid (Elecmanii, Ber. 1880, 19, alcoliol in the })resence of sulphuric acid or in a 
2080). For its absorption of ultra-violet light current of hydrogen chloride (Venable and 
t’. Bielecki and Henri (Ber. 1018,40,2590). ^ ('laisen, Annalen, 1883, 218, 131; Noyes, J. 

When malonic acid or its sodium salt is Amer. (’hem. Soc. 1890, 18, 1105; Phelps and 
administered internally it passes only in small Tillotson, l.c ), and commonly contains small 
quantity into tbe urine, and leads to an increase quantities of ethyl cyanoacetate (Crossley and 
of urinary carbonates and to the formation of (billing, Chein. Soc. Trans, 1909, 95, 27 f,n.). 
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Diethyl tmlowh is a colnnrlcfis liquid, b.j). 
]97*7‘-198*2° (ciorr.), sp.^r. 1 •00104 at 1.7’, 
1*05284 at 25" {Perkin, ibid. 1884, 45, .508), 
1 •07007 at 0" (Wiens, Annalen, 1880, 258, 
298) ; m.p. ~ 49-8"' (von Schneider, Zeitsch. 
pliysikal. Clhoin. 22, 288. Dwthyl mahnatc 
tin tetrachloride ('H j,(('02Kt),,Sn(8.j lias in.)). 
1 15‘-] 17", Pfeiffer and Hal)ierin (Zeitseh. anorfj. 
( 'hem. 1 914, 87, 885). Kor derivatives of iodo- and 
bronoanila of Uio ty|>e (.'„Xo[(d8((’()()Ei)_,|J)2 
(whore X is Kr or 1 ) and their reduction jiro- 
ducts and bromine derivative.s, .so- .laekson 
and Holton (.1. Amer. ('hem. Soe. P.>J4, 80, 
1481). The viscosity of llie cstei and darelation- 
.shi)) to other fihysieal nropeities are <l(*scrd)ed 
by Eilditeh and Dunstan (Zeibsch. Kleklru 
Chem. 1912, 18, 881). .in<l the desmotrojiy by 
•Meyer (Her. J!H2, 45, 2804). F.tinil hydroyeit 
hialoiuite A 'OoEt (Hoff, Her. 1874, 

7, 1572), lias sii.j^o-. 1-201 at 0’ 1*^17 

at 22" (Ma.saol, Ann. (‘him lOiy 1894, fvii. j 
1, 184); b ji 117/21 mm, s|) yr. 1-17.59 at 
19719". 1 4275 ul 19" (Mati^uery, Hull. Soc. 

cliim 1900, I 111. I 88, oil). Ihniethifl inahmati 
('H2(('()j.Me)2, a eoloiirle.ss IkiuuI, h |). I8i‘5" 
(eorr ), a|)^r. 1 10028 at 15”; PlollO at 25" 
(Perkin, Chem Sue. Tians 1884, 45, .509) ; b.|». 
180 7" (eorr.), sp.^r 1-1758 at (C (Wiens, Auna- 
len, 1889, 258, 297) ; sobdilies to a vitreous mass 
at — 8(r (von Sehneider, Zeitseh. jihysikal 
(8ieni. 22, 288). Mereiiii salt.s of jmssible 
theiajjeulie \alue are obtained by shaking 
mereujK- o.\ide (1 mol.) and methyi malonaK* 
(2J mols ) in water at 87 '; when the mom- 
•inereuri-dimalonic ester HgJCillCtk.Mel^l* thus 
formed ks hydrolysed the add lo.se.s V(K and 
forms the anhi/dnde of o.njmerriin-acftir and 
(.'lL*Hg. 8'lie inethvl esters of melhyl, ethyl, 

I i ‘ 

('(.)—() I 

l)ro]jyl and abyl mnlonii a<-id, or the alkali salts 
of the acid yield .similar eomjiounds (Sehoeller 
and Sehrautli, D.K.Jk 208084, 1909; 218871, 
1909; Hiilmann and Hoff, Hee tiav. ehim. 


I Amides and substituted amides. Kthjl 

malonamate. EtO-OthCliat^lNDg, m.p. 50", 
I (Pinner, Her. 1895, 28, 473) ; malonamidc 
(^[^(CONHj).,, m.p. 170", soluble in 12 jiarts 
I of waU‘r at 8’ (Henry, Coinpt. rend. 1885, 
100, 918). 

Mahnijlmaionamidc 
I , co-Nneo- 

; ^ ^d'o-xH c(K ^ 

m.)). 252"-258", ))re|)ared by mmdensing 

malonamide ami ethyl malonaie, and the alkyl 
suhstituted derivatives in whieh one or more of 
j the meth\lene hydiogen atoms are rejdaeed by 
1 alkyl gron|).s, have no hypnotu; ))ro]iert]es 
I (Reinfry, Chem. Hoe. 'I raiis. ItH I. ‘.{D, 010). 

Maiondniiethijlainidi CIL(C<)NHMe)2, m.]). 
;J85' (Wliitele^, Chem Soe. Ti’ans. 1903, 83, 
'24). MalondielhijUimidi, t!H^(CONH Ht)^, imp. 
149’ (W;:41aeh ami Ivamen.ski, Her. 1881, 14, 
170; Hackes, We.st and Whiteley, Chem. Soc. 
'I'raiis, 1921, 119, .8(i0) M(dondi-w-propylamide 
CH2(P^1‘NH I V').,, m.p, CbJ"; wm/orn/i-n-butyl- 
aimdeCfL((j()-Nli-CJl»)., m.]). 132-r)’ Malon- 
dimdmtijlamide ClljlPt )N1 i •C 4Hp)2, imp. 120'^^- 
127' , malnndihenzyla'rmdc 

C11;,((8)-NH ('ll.Pb). 

m.p. 142 (Haekes, West and Wlnteley, Lr.) 
Midottamlir and HO()(!-CHa*CONH JMi, m.p 
182’ with d(‘eom})osition (Rugbeimer, Her. 1884, 
17.285; SeifiTt, Her 1885, 18, 1358); for its 
iialogdi ilerivatives sei Cliattaway and Clemo 
((’hem. Soe. 'Prams, 1910, 109, JOl); methyl 
imilonanibde, m.)>. 42' -43“ (Slaudmgor and 
Hecker, Her. HI17. 50, 1010); ethyl malonanilate 
in ]). 38" -39-' (Rugbeimer and Jloffniann, ibtd 
1884, 17, 739); the -[i-iodo dermitive molts at 
120' ((jhattaway ami Constable, Chem. Soe. 
'ITans. 1914, J05, 130); the i>nitro dcrivatwe 
melts at 92"-95' (Jacobs and lleidelberge?, J. 
Aincr Chem. Soc 1917,89, 1454); malonniojtu- 
plan ifJanude Ph H N •( 8 ) -C H ^ -CO ND 1 1 .jU m . j ). 
158' 154” (Wlnteley, Chem. Soc. J^roc. lfK)4, 
98); derivative melts at 21 8"-220'', 


1917, 8e. 80(i). Methyl IFbin;.oiil-a-phe,ii/Ieihi/l- 
mah.naii ( ^H ^t.'t )-Cl I A 'H Ph-CH (( '( ),Me), erys- 
talhses 111 larg<‘ colourless needles, m.|). 107" 
(Kohhr, Heritage, and .McLeod, Amer. Chem. ,1. 
191 1, ‘to, ‘J^4). Flhyl jiroj^il malonaie 
(C%t,Et)CH2-C02l>r 

b.p. 211" (eorr.), sji.gr. 1*04977 at 0" (Wiens, 
l.e.). — Dipropyt malematr Cll2((A>2pr)2, •b f>. 
228 ’-229" at 770-8 mm. or 228 8’ (eorr.); 
sp.gr. 1 -02705 at O'’ (Wiens, l.e.). J)d)vlyl innlen 
mte CH2{(8)()(!4llg)2, b.]). 251-5" (eorr.), sp.gr. 
1-0049 at O' (Wiens, l.e.). Di-X-emyl malonaie 
(JH2(( '()()( fjHii), lias [Mj,^ 8 09" (Walden, Chem. 
Zentr. 1899, i. 827). ^Diphenyl nialematc, 
CH 2{t8)2ph)2, has imj), .50', kp, 210"/15 mm. 
Ihbnizyl malotuifc CH.lCO't )(/H2ph)i2, b.p. 
284*5714 mm. (Hisehoff and Hendenstrom, 
Her. 1902, 35, 3452 ; Anger and Hilly, (jompt. 
rend. 1903, 130, 555). himenlhyl meilonetie 
CH.2(CO*OCioni,).>, m.p. 027 [a]p 79*24" (Hil- 
diteh, Chem. Soc. 'I'rans. 1909, 95, 1579). ierl- 
Butyl hydrogen meilonale CO.2H •CHo*CO,*C4H» 
has m.]). l02"-i037 ^mx.^Trichleyr'oUn-hvtyL 
bydrogeM mMonatc has m.p, ill}" and tile 
medonde m.)>. 102 -108" (Wolffenatcin, Loewy, 
Bachstez, Her. 1915, 48, 2035). 


the ]}-amino derivative eryslallises with 1 HgO 
and melCs at 200" -210' (Jaeobs and Heidel- 
berger, I c.); medonandidr CII 2(CCN HPldj, m.p. 
225' (Wlnteley, Chem. Sue, Trans. 1903, 83, 
24) ; ii\-ndrom.(domindide, in.}), (after melting 
at 173"-177" and resolidifying) 198"-200" (eorr.) ; 
p-ndromedononihde, m.]). 24.^-242" ; iii-awtno- 
malonandule, imp. 1H0"-I8r)" (eorr.). (Jacobs 
and 1 leidel berger, /.r.) ; diilnomnloneinilide 
(Tl2(('SJMHlTi)2 

m.p. 149° (Reissert and More, Ber.^ liK)G, 39, 
3298). 0-, m- and p- M edonamidobenzoie etcids 
CH2((.'()NH -(VipCOaH), 
melt and decompose at 242°, 258"- 259° and 270° 
respectively (von Pollack, Mftnatsli. 1905, 26, 
327) ; the ethyl esUr of j hem dona midohenzoic acid, 
(:O..Eb*Cfl2*(!ONll*CeH4*( O.^}!, has m.p. 172°- 
173° (Schilf, Annalen, 188(), 232, 129; (Jazz, 
chill), ital. 1885, 15, 534); mulonyldijdienetidide 
(TL(('CNHi'8H,*(jEt)2 

ha.s in ji. 226° (Bi.schoff, Ber, 1898, 31, 3248), 
I'li^ ehloro and bromo substituted derivatives 
of malonanilide and inalonaiiilic acid are de- 
scribed by (Jhattaway and Mason (Chem. Soe. 
Trans. 1910, 97, 340). Certain of the salts and 
etliyl esters of the three isomeric malontoluidic 
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acids COgH'CHg'CONHC^H,, were prepared by 
Hiigheinier and Hoffmann (Ber. 1885, 18, 2971). 

O', m- and p- acids melt at 138^-143^, 
99°-101“, and ]5f)'^ respectively; compare also 
(/hattaway and Olmsted (Lc 938). MaUmdi-p- 
tohjlannde V-H 2{OONH -(‘,0 7)., lias ni.p. 260° 
nittlfmmono-p-lulyldnudc Las m.p. 144 ’ ; malondi- 
o-tolylanudc has m.p, 193 ' (WliiteJey, /.c.) ; dt- 
thiomalondi-o-tohiiduk CJl3((;SNB( ^l,),, and 
the corresponding p- isonuTidc melt at" 122°- 
123° and 145° respectively (Reissert and More, 
Ber. 1900, 39, 3298). M alondj -a-nuphtlnfjarinde. 
CH2(COKH-0 j(,H,) 2, melts at 225’; the R-lso- 
mericle melts at 235° (Wlnteley, /e.) a-Mnlott- 

7i.aphtJul has m.p. almve 

300° tMoyer, Amialen, 1900, 347, 17) Malondi- 
mcihyUiMhdv (^{^(CONMePh).^, m.}). 109' 

(hreiind, Ber. 1884, 17, 133); mnlonivlraphenyl- 
amide (.:il2((X)'J^''Pho)o, m.f). 2l9’-!^20' with 
decom])OHitU)n ; m(ilonmu7t.oi}ui1nil<iwhdi‘ 
TsTHPhOO'CIlo-CONMerh 
m.p. 112° (Whitidey, (3iem. Soc. Proe. 1904, 
93). Malonylmonohanznmlide ( „H , :,D4N, m.p. 
100°-101° (with deoomp.) (Mnmm, Hesse and 
Volqiiartz, Ih^r. 1915, 48, 379). 

Malonyldivrdhanr. CH „(( 34N H •( 3 t.^Pt).,, 

m.p. 124° {('Jonrad and Schulze, Bet 1909, 42, 
729). Malonylptpcrid'tde m.]). 57° 

(Franehimoiit, van Hijn and Pnedrnann, IP'c, 
trav. chim. 1907, 20, 228), Malo'iiylazoniiidr 
Cir2(C()*N.,)2» an explosive oil, is converted 
into methyloncdiurethanc, (dl,3(i’Vn(*0.,li]t),3, on 
treatment with alcohol {(’urtms, ,1. pr. ('hem. 
1896, [ii.| 62, 210). 


Malondihydroxamic acid CH2{C(OH):NOH)2» 
m.p. 160°, ammonium malonylhydroxamate 
(NH 4 ) 03 C-CW 2 -C( 0 H):N 0 H 
m.p. 181° (Hantzscli, Schatzmann, and Urbahn, 
Ber. 1894, 27, 804 ; Pickard, Allen, Bowdler and 
(^arter, ('hem. Soe. 'I’rans. 1902, 81, 1572). 

Nitriles of malonie acid. Pho snniniirdv or 
I cyanaccliv acid CN-CHo POoH, ])ropared by the 
j action of ])otii,ssium cyanide on ehloroacciie 
I acid (Ki(juet, Ann. (Onm. Pliys. 1893, [vi.] 29, 

I 438 ; Phelfi.'j and 'J'lllotson, Amor. J. 8ci 1908, 

I IV. 20, 207, 278), forms well-defined large prisms, 

I m.p. 09" -70°. Phe salts of eyanacetic acid are 
' either amorphous or crystallise with difficulty 
(Kngel, Hull. Soc. chim. [11.] 44, 225; Me^es, 

' Anualen, ]8(>7, 143, 201). 

, KiliyI cyanacitnic ( 'N-(4I.,‘(3)2h)t, h.p. 207° 
j (Phel]).‘.' and Pillolson, l.c 2('i, 257) ; condenses 
' w^tJi earhamide to form the ester. 


Ethylenemakmamidc ('ll, 


^PO Nil 
-^PO JSHl 


^C.,1 


from ethylenediamino and malonaraide at 170 - 
180° (Freund, l.c.) ; o-pheuyh lunialovaw /dc and 
od&vyknemalommide melt above .300° (Aleyer, 
Annalen, 1900, ,347, 17). 

Malonylrathamidc, harbiianc acid ( 2 : 4 : 0 - 
di-kotohexahydropyrimidiiip), r. Pyki midin ks. 
Hydrazides. Mahnhydrazidc ‘ 
CJJ2(P()N'H-NH2)a 

crvstal]iHe.s ill needles, m.p. 154°; for eondensa- 
tion products with aldehydes and alkyl aceto- 
acetates, ate Curtius, Schofer and Schwaii 
(J. pr. PUiem. 1895, ['i.l 51, 180); Kuhemann 
(Ber. 1894, 27, 10^>8) ; Bulow and Bozenhardt, 
(Ber. 1009,42,4784; 43,2.34; .5.51). Potassium 
* hydrazino - malonatr, m p. 1 74° ; h( nzylidcw - 
iiydrazino-nialonic w' id 

COaH-CHo P()-]NH-N:(.PIPli 
m.p. l({2°V'urtius and ISieber, Ber. 1921, 64 [B], 
1 430). M alon pimiylhydrazhdc 

(!Ha(P0NH-NHPh)2, 

m.p. 187° (Golckmith, ibid. 1888, 21, 1240 J 
Asher, ibid- 1897, 30, 1018) 3'he jihenylhydra- 
zine salt of phcnylhydrazideniaJonic acid 
PhNH-NHa-HOgPPHa'PONH-NHPh 
melts at 141°-143°, and yield.s the acid 
0OaH-CHa(5oNHNHPh 
m.p. 154° on treatment with acid, and malohyl- 
phcnylliydrazldc, (JH2<^[]>N3lTPh, m.p. 128°. 

when heated at 200° (Fisclier and Passmore, Ber. 
1889, 22, 2728). 


'-Nil" 

j m.p. 102° (deeonip.), soluble in 8333 ])artR of 
; water at 24°. It gives w-toluidine, alrychnini^, 

I brumitie and metallic derival ive.s. Phe eoiTc* 

, .spondmg methyl (stcr crystallises with 1?. HaO, 
m.p. 110° (anhydrous has m ]>. 128°) and gives 
I .similar derivatives to the ethyl ester (Freriehs 
; and Hartwitr, J. pr. ('liem. 1905, [mj 72, 489; 
ibid. 1 900, fn. 173, 21). 

1 33ie 'lodiinti eompound of ethyl cyanacetate, 
(i^N*PHNa*P()oFt 01 PN-(P4 : forms a 

I neutral solution in water which is not docom- 
! posed by hydrochloric acid in t!ie cold. Jt 
. absorbs iodine ra])idly, forming tlie eompound 
P^Hf^O^NI, and also ethyl dicyanoBiiccinate, m.p. 
120°, as the result of a secondary naaetion 
('I’liorpe. (jhem. .Soc. 3'rans 1900, 77, 923). 

I Methyl eifaaadfatr PN (Ula'POgMe is a 
j colourless liquid, h.[i. 177'^ (Fenton, (.'hem. Soc. 

I I’ram. 1900, 1297). Mcnthyl cyanacetate 

I CN-(!H24;0.3-PioHi9 

I flattened needles, m p. 83°-84°, [a]jy— 81*12° (2 
; p.c. solution in benzene) ; the monobromo- 
I derivative has m.p. 134°-135° (Bowack and Pap- 
j worth, Phem. Soc Proe. 1903, 22). o^olylcyan- 
I acetate PN*PH2*P02*PgH4Me, prisms, m.p 70*4° 

I (Halier, Pomjit. rend. 1889, TOk, 11 Hi). 

I Cyanacelamide t!N (IHnPONHa forms hexa- 
gonal tablets, m.p. 120° "(Hesse, Amer. Chom. 

, J. 18, 724 ; Krrera, Cazz. chim. ital. 27, ii. 
j 412 ; Sachs, Ber. 1900, 33, 964; Fiquet, l.c.). 

I Cyanacetanihde, ('N-CHg-l^HlNH-CgHj, m.p. 
i 198*r)°--200° (Quenda, Atti K. Accad. Sci. Porino, 
j 27). 3’he fluorine derivative 

! PN-PHo-PONHCgH^F 

j has m.p. 150°-1!>1° (Wallach and Heusler, An- 
iialeu, 1888, 243, 223). Cyamiceldiphenylamide 
(^N-(Pl 3 -P()-N(PeH 5 ) 3 , has iu.p. 153°-154° (Gua- 
reschi, Atti B. Accad. Sci. 3'orino, 27). Cyanacet- 
p4olylamide, GN CHo-CONH C^H,, m.p 180° ■ 
(Grothc, Arch, Pharm. 823, 608). 

Cyanncetxylylam ide 

CN*PHa*CONH*PjH8(OH,)2 

has m.p. 1 67°. 

Cyanacetpiperidide, ‘GH , •OOK C jH , 

forms large prisms, m.p. 88°-89° (Guaresohi, l.c . ). 
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OyaTMcetphenoccll 

OEt-C.H^-NH-CO CH/NHCO CTIs-CN 

white crystals, m.p. 28“. 

Gyanncetylanisidinp, 

OMo-CeH^-NJllXlCMi.-CN 
m.p. 13(1°, and Oi/nnartlyl-p-aminopJiindole 
OEt-C6H4-NH-CO-CHV(^N, m.p. 180^' 181°, 
yield the corrosponclin^ oxamn* acid on oxiiiation 
(Nicola, Ann. Chim. Farm. 18, 353). 

Cynnoacefi/lhydrazine ( 'N CH jj‘( H ) -N H -NH 
m.p. 114‘5°-115°. With aldehydes it yields the 
compounds CN‘(lHa*C(lNll*N : (dlK, wilh ke- 
tones, the comiionnds ( 'N •( dl^'CONH N . CHIF. 

( ^ya nnceiylavfiylhydrnzi we, 

(JN-CH.-CONll-NH •C()-(!||, 
has m.p. 172°. 

( 'ya navAyl phrn ijhul jtliouylli ydraz^vc 

)N I L NH -SI ),( ^ ^ 

is formed by the action of bonzenesuljihonic 
chloride on eyaiiacctylbydrazine {Kothenber<r, 
Ber. 181)4, 27, 181)4). ' 

(Jyamrdyktfdnainide (!N-(dl.,*('()-NII ('N, ' 
m.]). 03° (1) K P. 1 07138, ( lhem.“Zentr. lOOO. | 
i. 797). 

( 'yamcrIyU (irbamidei'N-VM g’CON H ( '< > Nil.,, 
m.p 212° (decomp.). The vKfhyl niihani-idr, 
m.p. 200 ', the phenyl, m p. 210°, and oIIkm- 
alkyl derivatives aiv desenhed (1). R P, 
175115; (diom Zentr 1000, n. 1,500; Baum. 
Bcr. 1008, 41, 532; Coniud and Schulze. B<*r. 
1009, 42, 735). They are employed technically 
in the production of the jiunne bases. 

Cyanacetyluiillunit' 

PN Pil2-PO-NH (M),,Et 
m.j). ]07°-108° (( Vniiad and Schulze, lj\). 

Malotwdmitrib (Tl,^(PN)., (Henry, Pomiit. 
rend. 1880, 102, 1304; HeW, Amer. (Jhem. 
<1. 1800, 18, 72#) is a (iolourle.ss erv.v(,allnu‘ 
compound, in.]). 20 -30°, b.p. 2rH"-2107 

700 mm. (Henry); b.p. OO71 1 mm. or JOO'/ 
20 mm., soluble 111 7-5 parts watm, 2-5 ]»arls 
alcohol, 5 parts ether, 10 parts ehloioform, or 
15 parts benzene (Hesse) ; lonns the mono- and 
di- silver salts (:iIAg(('N)j and 
(Hchse), and reacts with hydro.xylamine (1 mol.) 
to form cyanethenylatnidoxune 

• x(^N('H.,-C(NHt):NOH 
m.p. 124°-127° ^ith decomposition, and yields 
an acclyl and hciuoyl derivative, m.j). 142' and 
184°-102® respectively; mnlonodiunudotciinv 
GH3 [C(NHj) ; NOHJx melts and decomposes at 
103'-! 07°, and yields a diacetyl and dihcnzot/l 
derivative, m.p. 153°-150° and 183°-18.5° 
respectively (Schidtmann, Her. 1890, 20, 

1108). For the action of nitrous acid on 
malononitnle see Diels and Borgwardt (Her. 
1921, .54 [B], 1334). 

Aldehydes of malonic acid, ^’he semialdehyde, 
CHO'OHj-COgH, obtained by Wohl andTimmer- 
Ucli (Ber. 1900, 33, 27(i0) from B-chloropro- 
pionacetal CH3PKIH2-(JD(C02Et)3 is not stable 
and its physical constants have not lieen 
determined. The amide (CHO'CHa-CONH.) 
obtained by Langheld (Ber. 1909, 42, 2300) 
by the action of sodium hyiiochlorito on aspara- 
gine, IS not a stable compound but yields a 
pf^nylhydrazone C^HnONa, m.p. 239°-240°. 
The mtrile or cyaiMcetaldehyde CN'CHg-GHO is 
a colourless, limpid, volatile indammable liquid 


I of b.p. 71-5° (Chautard, Ann. Chim. Phys. 1889, 
fvi] 1«, 176). 

The di aldehyde and semialdehyde of malonic 
acid are stated to bo among the products formed 
when the ozonide ])eroxides of a- or jS*linolenic 
acids are decomposed by boiling Vith water 
(Erdmann, Bedford ami Kaspe, Ber. 1909, 42, 
1334). 

Malonic acid haiides. Mahmic semicMoridc 
COoH'CH./COCl, m.]). 05“ with decomposition, 
obtained by the action of tiiionyl chloride on 
an ethereal .solution of malonic acid, is unstable 
(.Staudmger and Olt, Ber, 1908, 41, 2208); the 
I methyl tsler has b ji. 57 -59 (Standinger and 
! Bcckcr, Bor. 1917, 50, lOlO); t\m ethyl ester 
i ('()(4-(dJ., •('(),, Hi. has hp. 170 IS()7 ('\^an ’t 

Hoff, Ber. 1874, 7, 1572), or 08°- 70713 inra., 
loses H('l at 125“ 130', and yields the com- 
pound yellow jinsms, rn.i). 170“-180“ 

(coir ) (jVllTrgucry, Bull. Soc. chim. 1900, [3| 33, 
541; Lciichs, Ber. 1900, 39, 2041). The ntirile or 
ryanacetylchlonde CN ■(* H g'CH )( 4, was prepared by 
Miild<*r (Bull. Soc chim. |ii.l 29, 533). Malonyl 
chloride (‘H. 3 (('t)('l)._., obtained when malonic acid 
is luivcd with an (‘\cess of thionyl chloride and 
distilled under reduced jiressure (Standinger and 
Berezn, Ber. 1908, 41, 4401), and yields carbon 
suboxide (q.D ) when treated with silver or lead 
o.xidc {Staudmger and Bereza, Lr.), is a colour- 
le.ss li<jui(l, b.p. 58727 mm. (Auger, Ann. Chim. 
Phys. 1891, [vi. 1 22, 325), For the constitution 
of the chloiide e. Auwers and Schmidt (Ber. 
1913, 40, 457). Mtdonyl bromide CH 2 (C()Br). 3 , 
1).]). 55 -57 /1 1 mm. (Fleischer, Hittel and Wolff, 
Ber. 1920, 53 fB], 1847. 

'riio seminihile ol molonyl bromide, cyan- 
orelytbromide, crystallises in the moiioolinie 
system, and has m.p. 77°-79° (liiibner, Annaleii, 
1804, 131, 00) 

• 

SnB.MTiTUTEi) Mai.onIT- Acid.^ and Derivatives. 

Alkyl malonic acids. The hydrogen atoms 
of the mgtliyleno grou}> in ethyl malonate can 
he rejilaci'd by soiliurn (Conrad, Anualen. 1880, 
204, J29; Ballo, Ber. 1881, .335); ethyl sodio- 
ONa 

malonate, {JO^Etdffl (Meyer, Ber. 1912, 

45, 2801), IS a (lolourlcss crystalline compound ; 
it does not undergo dissociation in alcoholic 
.solution (Vorlander and Schilling, ibid, 1899, 
32, 1870); IS not stable iiT the presence of 
water, and yitdds no colour with ferric chloride • 
(Vorlander, ibid. 1903, 30, 208). It condenses 
with alkyl and aryl halides to form the alkyl or 
aryl .substituted malonic ester, tho sodio- 
denvative of which yields on similar^treatment 
the di-siib.sti tub'd ester (Bischoff, ibid. 1895, 28, 
2010). For the mecliamsm of these reactions 
see Jackson and Whitmore (J. Amer. Chem. 
Soc. 1915, 37, 1522, 1915). Tne corresponding 
substituted malonic acids can be obtained by 
hydrolysis of the esters, and those lose carbon 
dioxide when heated above their melting-point 
with the formation of the corresponding acid 
of the acetic senes ; ^ 

CH ,(C( ),.Et).2“» CHRlCOgEt)^-^ CRlV(CO,Et), 

•" “ ->(!RH{COOfI),->CHRR'*COOH 

With the exception of diethylmalonic acid, 
which is employed in the synthetic preparation 
of certain jiyriinidines of therapeutic value, a 
description of the numerous alkyl malonic adds 
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does not come within the scope of this article. 
For the identification of the acids by means of 
their /i-nitrobeiizylesters, Lyman and llcid 
(J. Amer Chem. Soc 1017, IIO, 701). 

I)ii llnjlniahnic acid CFt 2 (C(i 2 ll) 2 » iii*p- 

112”; 1h(‘ anhf/dndr |fIEfj 

0r)°-07” (fHtaudin;^('r and OtI, Bcr. 1008, 41, 
3820) ; the q nadri molecular anhi/dridc has m.]). 
220” (Einhorn and Diesbach, Ber. 1000, 30, 
1222), and a liquid aalydiidc is described by 
Ott (Ann. 1013,401, 1.70); the ithyl cslcr hasb.p. 
228 -.7 ”-220 'r)” (eorr.) (Mieliael, J. jir. ('hem. 
100.7, fii.J 72, 037), for its absorjilion sjiec.tra v. 
Krannifjfaii JVIaehel h, Slevvurt (<3iein. Soe. Trans 
1013, 10.3, 400); methyl f'fdcr lias b.]). 204 -20.7” 
(Meyer, Ber. lOOli, 30, 108); ]i niirol>(’nzyl e-Hlcr, 
m ]». 01*2" (Layman and Reid. .1. Ani(‘r, (’hein. 


m.p. 2ir>° ('ydoTHethylmalonylhydrazide 
/CO Nil 
CEt / I 
XJO-NH 

m.]). 250” (Einhorn, Ann,alon, 1008, 3.70, 145). 
Diffhyhnalouoduntrilr ('Etj(('N)^, m.p. 44”, 
b.j). 105”-10.7*r)‘’ (Hesse, Amer. ('hem. J. 1896, 
18, 723 ; Errera and Berle, Gazz. ehim. ital. 
180(», 20, li. 220). The ticminitnlc of dicthyl- 
malonic (k id {dmihijlcyanavelic acid) 
CN*C'Et,*C:(),H 

has 111 f). 57”, b.]>. 102” 1()4°/18 mm., the ethyl 
(■^td, b.p 215” 2J(! 7 10(1” 10I”/I4 mm. fHess(‘, 
Aimi. Chem. .1. 180(). 18, 723: Hesslei, l.c. 
171). Pirlhylcyanacetamidr (7N (Tito'tXJN IL, 
(‘(»loiirl(‘ss plali's, m.j>. 120” (lles.se). Diethyl- 


in ]>. .11*2" (Layman and Reid, .1. Am(‘r, ( liem, nialoiiic s( michloi ide is an oil (Htaudinger and 
fc>oe, 1017, ,10, 701): diethylmaloiifite ui qli/coll- OlC Ber. 1008.41,2208); diethi/hnedouyl chloride 
CEt^(C()*()*Cli 2 *C()*NlL,)^, has^n.p. 120”: Ci;i^(C()Cl),, has b.p. 100*5”- 107*5” (Eiseher 


dieihylami methyl diethylmalonate amrOiKhey, Ber. 1002, .38, 844). 

CEt,(( 'C'GfHL.’CH ,*NEt 2)2 nialonic esters. 'TJie acyl derivatives 

, of malome esters are ])re])ared by the eondeii.sa- 
(Einhorn, Anualen, 1008, 3)0, 145); ethyl („)n of Ihe sodiomalonie ester witli tJio acyl 

iti.f'i.li nt itintnnritnnlti linu in ti .1.1. ...l. . j 1 i-.,. , j i. 


diethyl maloiiamate, has m.p. 70” b.}). 


hloiide: lh(‘ <‘orres])onding 


( D. R. R. 1 82045) : tuchlnrhufyl hydroqm dieihi/l- known. Lor the constitution ol the esters .see 


malonate lias mp 100” (1>. It. P. 280001); 
diethi/lmalovamic acid, m.p. 140”, diethyl ma- 
loudidhylaiiiic acid NEt/'O CEt2*(3.)_,H, m ]). 
88”- 00” (Linlioin and Ihesbaeh, Ber. 1000, 
30, 1222); dulhylmaloiianitdc, m.p. 224” (<‘orr.) 


von Aiiwm’.s and Anlfenberg (Ber. 1017, 50. 020). 

'Pho acetyl, duieetyl, jihenaeetyl, dijihen- 
ae( tyl, jiiopioiiyJ, butyryl, benzoyl, nitro- 
bcmzoyl, sueeinvl, a<lij)yl, phtiuilyl, and 
eamplioryl malonu esters and dmivatives have 


(Eiseher and Dilthey. I <\), lorms a erystalbiie prejiaKcl, a.' Michael, Amer. Chem. J. 

compound, (dill. (CONIC). CCl, ‘('JIG, m.]). 178” ^802, 14, 4SJ ; .SeJiotl, Ber. 1800, 2fb 1085; 
with ehloral hydrate (Burrows and Keane, i Gumchant, Bull. «oe elmn. 1 805, [ni. | 13, 1020 ; 
Chem. Soc. Trans. 1007, 01, 20!)). Held, Com pt rend. 1 Hi, 720 ; Lang, Ber. 1887, 

mahmjlmnlonamide has m.p. I75”-170”, '/G ■ 2t), 1320 : Knoevenagel and Fahiv, Ber. 1 808, 31, 
ethylmaloiiylmd/iylinalonamide has m.p. 118”- '2771 ; Claisen, Annajen, !8!)(), 201, 72 ; Biselioll 
110”; dicthyhnalonyleth ylmaloiiamidf, m.]K 88”-- and Raeh, Ber. 1884, 17, 2703; iJaJler, Bull. 
80° ; dtclhylmaloiiylbeiiziduii, m.]). 224” ,S,a;. elnm |ii.] 45, 271 ; Bartlie, 'ihid. lii.j 21, 520 ; 

(Ropifry, /.(*.). J)iethy!m.aloiiyiiiioiiophu)ii/lamidc SeliciU'r, Ber. 1000, 42. 1318; AVislieenus, 
N Hj*! -0*t Ltj’t D’NHPh, m.p 1.12' the a?)/- ^^nnalen, 1887,242,2.3; VVislif^enns and Winzer, 
phanilidc Nll,*CO*CEt,.*CO*NH*Cj-l,*SO,H, has Annahui, 1800, 257, 208 ; Baeyer, Ber. 1802, 25, 
a strong acid reaction and liceoinposes car- RKlp*^ Jngle, Ber 1804, 27, 2520. 
hoinitoH, didhylmalo/ianihc (H id , ! Ethyl sodiomalonute <*ondenHes with acetyl 

NH Ph*( '0*CEt,*CO„II ' i^^heylyl chloride* or or! ho substituted salicylyl- 

. , , , ' G chlorides to form ethyl /i-hydroxycoumarin-a- 

m.p. 105 (( ‘onracl and /art, Aniia,l<*u, 1005, .340, j carboxylate 

335). I >icdh i/hualouyl-])-]>hc)i( t id me > " (!(OH) : C().,Et 

-OKI'S I ^ . 

m.]). 143°, has antipyretic iiropcirtie.s and exerts I , , , • , , , 

a soporiHc action *1*). R. P.105311). Diethyl- \ corresponding oitho-substituted den- 

• CLto(C()*NH*CO..Ei).,athiek ! ' atives ; tlie acids obtained from those com- 
oil (Traube, 1). K. P. t7004()) • vrelde oj duthyl- h’ hydrolysis lose carbon dioxide and 

malonic acid COJf’CEt2*CO*NH *C(.)*NII,, m'.p. ! yield the ^-hydroxyeoumarin 
102° (corr.) (Fischer and Diithey, Annalen, | (I(OB):CH 

' ethyl dicthylmalouyliireide \ I 

C(J..Et’CEto’CO*NH*CO*NlL. j i . 

I or on ortho-substunted derivative, substances 

m.p. 85° ; methyl^ lethylmalonylureidc, m.p. 115° j of ])oteiitial therapeutic value. 

(Boehringer and »Soline, 1). R. P. 103447) ; l Kthyl fl-hyd^irycoumarm-a-carlm'ylaie has 

(iiethylmahnyhiramidc I m.p. 0.*)^; ^-hydroxycoumariii has m.p. 200”; 

NH.-('0-CEt,-('0-Nir-C()-NH, ! a : O-rficA 

^ - \atc has m.]>, J.lo , and 6 : d-dichloro-^-hy- 

m.p, 100” ((!onrad and Zart, Ic.) ; diethyl- drorycoumai in. has m.p. 275° (Aktien Gesell- 
malonyltetramethjUkarhgmide sehaft fiir Anilinfabrikation, I). R. P. 102096. 

CEt..(CO*NH*(\)*NMc„)., ; <“/. Anschutz, Ber. 1003, 30, 403). 

i rwo 1 \i 1 1 u, ,uiT 1 S Chloro, bromo, and iodo malonic acids. 

^ O'-''’- 'te ao'ides and substituted 

m i> (Kinhorn, D. R. P. I<m4b). amides react readilv with chlorine or bromine. 


malonylteirameth yJd i c a rhg m ide 

CEto(CO*NH*(\)*NMe.2)2 


Diethyl malonyla nthra inla mide 

GEt2(CO*NH*C!„H,*CONH,)„ 


* amides react readily with chlorine or bromine, 
forming under suitable conditions the mono- 
and di-haiogen derivatives. The halogen in 
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certain of the.so compounds is highly reactive 
and liberates iodine from hydrogen iodide ivith 
tlie regeneration of the malonic compound 
according to the equation 

(OONlrr.),>CBr, HHI 

- ( CMJN if , )oC H , + 2H Br 4 2f , 
The reaction is in most cases quanlitative and 
affords a rapid means of estimaling the halogen 
in the compound (Wluteloy, Chem. Soe. IVoc. 
1908, 24, 278; and Backes, West and WJntelny, 
Chem Sot!. 4’rans. J92I, 1J9, 359). 

PJdomnmlonu' (u id (!JH('J(C0;,1I)^>, m.p. 1.33® 
((’onrad and (Julhzoil, Jfer. 1882, 15, 005), the 
clliyl (’Klcr, b.}!. 1.37®-13!C/50 mm., sp.gr. I‘i770 
at 2074 ®, Hy, 1-4327 at 20® (Brnhl, .1 ])r. t:hem. 
hi.| 50, 140); b.p. 9172 mm. (horsier and 
iMuller, Chem. Soc. Trans. 1910, 97, 120); the 
setnuiiinlc or cflii/l rhlnron/itniKi fair 

CN-CdlCl-C(),Kt • 

b.p. 190® (Henry, Comjrt. rend. 1887, 104, 1018). 
ChlonmalanaHudc C 11 C 1 (C 0 N 1 I 2 )^, m.j). 170® 

(Coni’ad and Bischod, Annalen, 209, 231); 
('hloronvilondi iiir(hi/fa 11 iluk CM Cl(( !( )iSI MePh ),, 

m.p. 181", and vJiloronialoiitdruphoii/hniiiih 
CllCI(CONPii,)., m.p 213® (Whileley). ' C/dor- 
imdoiKddrhydv Ull CM . CCI-CIIO, m.ji. ill', 
gives witli aniline, llu! mimoondide 
Nl[l'h-Cll:CCl'CllO 

m p. 193® (l)j('ckmann and Piatz, Ber. 1904, 
37, 4038). 

I drhloroinalunic acid CCi_,((3)^ll)^ (Doolson, 
Clieiii. Soc. Trans. 1899. 109); the andinc salt 
has m.p. 105® (Conrad and lieinbach, Ber. 1902, 
35, 1813) ; tlie cthifl ester, b.]). 23P-234®, sp.gr. 
1*208 at 17®/ 15® (('otirad and Bruckner, ibtd. 24, 
2993) ; tlie melln/l ester, b.]). 110®-120®/20 mm., 
(Zinckc, Kegel, d){d. 1890, 23, 244). J>uldori>- 
malomntiide, m.p. 201® ((Vrnrad and Biuckner, 
l.c. ; Zinckc and Kegel, l.c.), ^ 

fiufuioi/ialo/ni acid CilBrfCOgH)^ (Pelriclf, 
Ber. 1878, II, 414; ("oniadand Rein bach, •Ber. 
1902, 35, 1813; Lutz, Ber. 1902, 35, 2549; ; 
Biilmann and Madsen, Annalen, 1914, 402, 331 ) ; 
crystallis^'s in j»lates, m.]). 113° ; the bamini salt, I 
and the sdver salts aie erystalline. Mdln/l ! 
bromumidonyl chloride, b p. OO^-OP'/lO mm ; 
(Staudmger and Beekcr, Ber. 1917, 50, lOlli). i 
Methyl faoi.^ialonalc CHBr^JO^Me)^ is a coloiu- 
less mobile IfTfu*!, b.p. 14572*2 mm. (Kohler, | 
Heritage, McLeod, Arner. (Jhem. J. 1911, 40, | 
234). Ethyl hromvmalomde CHBrlCOgEt)^, J?.]). ! 
223°“ 235® with slight decomposition (Knoc- i 
venagel, Ber, 1SS8, 21, 1350), 118°-119'711 mm. j 
(private communicalion) ; i50°-152725 mm. i 

(Bischoff, Btr. 1907, 40, 3134); sp.gr. 1-426 
at 15° {(Joiirad and Bruckner, Ifer. 1891, 24, ! 
2997); methyl bromomalomdc ClfBr(COjMc),, i 
b.p. Ii2*5°~113715 mm. (Bisfthoff, /.r.) Bromo- 
malonamide CtIBr(CONH 2 ), m.|f. 1 81° Bromo- 
malondiurethane ('HBrlCO-NK-COjEt),* m.p. 
148° (Backes, West and Whiteley, l.c.). 

For the bromomalon-a.\ky\-amideii, and the 
hromomalo7i-iiTy\-amide.s ami their brominated 
derivatives, see Backes, West and Whitcloy {l.c.). 1 

Methyl (yromomalonanilatr, m.p. 113°~114° 
(Staudinger and Becker, l.e.). 

The seminitrile or hroinocyanactiic acid 
CN-CHBr-CO^H (Petrieff, J. Russ. Phys. Chem. ' 
Soc. 10, 160). Ethyl bromcya7uicelate, b.p. 116°/25 ; 
mm. (Nef, Annalen, 1897, 298, 202). 


Bromoifialo nitrile CHBr(CK) 3 , has m.p. 05°- 
66° (Hesse, Amor. Chem. J. 1896, 18, 723). 

Bromomalonaldchyde OH'CH : CBr*CHU, m.p. 
140°; the anilide NH'Ph’CH ; CBr’CHO, has 
m.p. 184° ; the dianilidc hydrobromidc 
I NHPh*CH : CBr CH ; NHPh,ftBr 

! crystallises with EtOH and has m.p. 217° 

I (Lespieau, Compt. rend. 1901, 133, 538). 
j Ihbroiiiomidomc add CBr.^tXlaH ).» (Petrieff, 

' Ber. 1874, 7, 4(>0 ; Willstatter, Ber. 1902, 35, 

I 1374 ; (\mra<iand Reinbaeh, Ber. 1902, 35, 1813) 
has in.]). 130-131" (Willstatter), or 147° (Conrad 
I and Rendiaeh) ; IIk' heat of solution is -h2*02 
1 eal Potassium hydioym dibt amomalonate forms 
hnlliant anhydrous crystals, heat ofMissolution 
I -5 00 (!al. ; tlie yolassium salt becomes anhy- 
drous at 100", dee(mi|»oses at 200", and lias heat 
of dissolution - 9*94 eal. (Mussol, (aiinpt rend. 
1892, I14,»1200): the crystalline aniline salt 
melts at 113" (Coniad and Reinbaeh, l.c.). 
Methyl (kbromonialouaie (d?r 2 (C() 2 Me) 2 , m.p. 
03" (i5° ; ethyl dibioinomidonate has b.}). 145°— 
155725 mm. (('onrad and Bniekner, Ber. 1891, 
21, .3001), b.j). 120"-131714 mm. (Beitter and 
Weindel,i5/d. J907, 40, 3358) ; J35"-J37713 mm. 
(Ruhemaiin and Oiloii, Clumi. Soe. 'I’rans. 1895, 
()7, 1003); b.p. 134712 mm (private coni- 
mu nicatii m ) . Dibrontnmalonamidc 
, CBr2(('()NHo)3 

m.]) 203 ° (Backes, West and Whileley, l.c.), 

' dibromomalondimethylam ide 

\ CBrjcuNHMc)^ 

1 m.p. 102° (Freund, Bi'r. 1884, 17, 780) ; di- 
: brontomalonauilidc CBr 2 (CONHPh). 2 , m.p, 147° 
(Standinger and Bereza, Ber. 1008, 41, 4405; 
Backes, West and Whiteley, l.c.). 

For other dibromomaUm-ulkyl-anvides, and 
! ft ibromo7nidon-iiry]-amidi s and tlieir brominated 
derivatives, sn Backes, \\Vst and Whiteley, ?.e. 

J}ibromo7iialo7idide (3fr,>(CN),. m.p. 123'5°- 
121° (Hesse, Amer Ch(!m.* .1. 1*890, 18, 723). 
Dibronnmialonylchloridi. CBr 2 (C()Cl)o, has b.p 
jlh mm., and solidifii's at the ordinary 
temporal lire (Standinger and Bereza, Ber. 1908, 
41, 1401), (hbromotiialonylbro7iiide 
CBr2(C()Br)2 

has b.]). 91-92713 mm. (Staudinger and Kle\er, 
d)/d. 1908, 41, 900) 

lodomalondimeih.ylan didc • 

CHl(C()NMePh),, 

has ni.]) 104° (Vorlandcr and Herrinami, Ber. 
1898, 31, 1820). 

Di-iodoinalonir acid CL((^ 02 lf) 2 , is very un- 
stable ; it crystallises in jialc yelloi^ leaflets, 
m ]>. 119°-120°. The methyl ester crystallises in 
])ale yellow needles, m.p. 79°-80° (Willstatter, 
Ber. 1902, 35, 1374). ^ 

Ethyl ehlorohrorriumalonatc C'C]Br(COaEt), 
has b.i). 1 . 30°- 139735 mm , sji.gr. 1*407 at 
10715 ° (Conrad and Bruckner, Ber. 1891, 24, 
2(193) ; tlie inethifl ester i.s crystaDinc, m.i). 
40°-42° (Blschoff,‘P.or 1907, 40, 3150). 

Derivatives of cyantmialonic acid. Ethyl 
cyanomalonafr CN*CH(C 02 Et) 2 , is a colourless' 
oil, fc.p 120"-130725 mm., uitli a ])ungent smell 
and acid reaction, and forms crystalline soluble 
salts. Methyl cyeuwmalonate also yields cryetal- 
line metallic derivatives (Haller, (^ompt. rend. 
1882, 95, 142; Ann. Chim. 1889, [vi.l 10, 
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403). The ethyl ester of the seminilrile {ethyl di- 
cyanacetate) (CN)a 0 H*(^O 2 Et is erystaUine, and 
forms crystalline sodium, silver and copper salts. 
The methvl ester is also known (Haller, Compt. 
rend. 1890, 111, 53). 

Ethyl die yajmnakmate or ethyl cyaniminomo- 
succinate NH:(l(('N)<,'H(C 02 Et) 2 , colourless 
needles, m.p. 93“. 

Derivatives of triazomalonic acid. Ethyl 
methyllriazomulonaie is a 

colourlo.ss liquid, b.p. r>9'70d) min., sjj.gr. 
I'll 695 at 1 6'7 1 6" ; ' 7n.elhyliriazr»n(ilonnmidc 
OH;,*CN;,((*ONH 2 ).,, m.p. IST-f)'"; methyltnazo- 
malonie arid m.p. 87 ,5"’ ; ethyl 

iriazomalomc and ( 3) J1 inelts and 
decorapoHCS at 105"-I07'' ; the ethyl esto' has !>.]). 
83'570'7 mm., sp.gr. 1-1161 at 167*0^; Ihe 
amide has m.j). 167"’. 

PhenyltnazomaloMC and 
m.p. 99°; the tthyl ester (leooiujjosns m\ atternjjt- 
od distillation, tlie amide has m.j) 189°. Ethyl 
hislriazoynahnaic ('(N 3 )..((H)..E 1 ) „ hu.s b.p. 115°- 
1I5'570'81 mm., sjj.gr 1 •21:56“ at 20", and is 
docompo.si'd violently by Biiljjhiine aeid ; the 
amide m(‘l(^s at l(j2‘’ with vigorous decomposi- 
tion (Kor.ster and Muller, ('hem. Soe. 'I’rans. 
1910, 97, 126). 

Amlnomalonie acid and derivatives. AmtM>- 
nialame arid ILN (‘lltCOytll^.ll.^O, m.p 109° 
(Haeyei, Aimahn, 131, 291; Huhemann and 
Orton, CIkuii. Soc. Trans. 1895, (i7, 1007 ; Liit/,, 
Her. 1902, 35, 2519) ; Lih>fl ammoaadanate hydro- 
chloride ll,jN‘('n((:o.d'T) 2 ,H('l, forma colourless 
needle.s, m.p. 162 ' (decomji.). Tlic hydrochlo- 
ride of the methyl ester melts and <leeom|»ose.s 
at 159'^. Aminornaloimnitde II ^M'dltOONHolo- 
m.p. 192° (Oonrad and (jiithzeit. Her. 1882, 15, 
605; Pjloty and Neresheimer, il>id. 1906, 39, 
514). Aaiinomalonaudale (Cl) Nil l‘h) 2 CH*Nll.M 
mu ]4r''-142’; (imn>.o}ihalo)idinii t/nilan.ihd( 
(OONMePh) jCH'NHo, m.p. 108°; amnnmialon- 
tetraphenylanude (CONlMiAoCIl 'NHo, m.ji 200'- 
201°, are olitained by redneing rhe eorrcsjjoiulmg 
t.vomtros() derivatives (IVhitelev, Ciiern. tSoe. 
Proc 1904,92). 

Methyl formyhnni nomaPmatc 

Cli()'NH-CH(CO>Me)2 
m.j). 85°, b.j). 250° (decomp ) ; the ethyl estn has 
m.p. 48°; the amide, has in p. 206° (decomp.) 
(Conrad and Schulze, Her. 1909, 42, 729). 

Diannnomalomimide ( ‘(NH.>),(( '()'Nir 2)2 
(Conrad and llruekner, Bor, J89i, 24, 2993 ; 
kuh«ruann and Orton, Chem. Soe, Tran.s. 1895, 
67, 1002) loses ammonia and yields imivomalon- 
amide NH : C(CO'NH. 2 ).j when carefully heated 
at 90°-100°. Methyl ie.tramethyUliammomedonak 
C(NMe.j) 2 (CO.,Me) 2 , has m.j) 83°-857 and yields 
on hydrolysis ietrameihyldiaminomalonic acid, 
m.p 133° (Willstatter, Ber. 1902, 35, 1378). 

/ m i nod i ma Idlui midc 

( 1 1 aN -DC) aCH -NH -("Ell 'ONE 2)2 
decomposes without fusion (Conrad and Guth- 
zeit, Ber. 1882, 15, 605). 

Amlinomalonie acid NEPh'CEECOoH)^, m.p. 
118°-119° (Reissert, B^ir. 1898, 31, 382 ; (\)nrad 
and Reinhach, ibid. 1902, 35, 511). Ethyl 
anih iwmalonaie NHPh'(TI(C02Et)2, m.p. *14°-- 
45'^ (Curtiss, Amor. Chem. J. 189'7, 19, 691), 
yields indoxylio acid when heated (Blank, Ber. 
*1898, 31, 1812). 

Methyl ajiilinomalonaic, m.p. 08° ; the 


chloride has m.p. 133°-d36°; the amide, m.p. 
156°. 

Ethyl ^‘toluidiiifOmnlonale and ethyl p-‘fMpk- 
thylaminomalonnie melt at 56° and 88" respec- 
tively and yield indoxylic acid derivatives when 
heated (Blank, Ber. 1898, 31, 1812). 

A iiilinomalonamlic acid 

NHPh-(^H(C02H)(C0-NHPh) 
melts and deconijjoses at 157° (Reissert, l.e,)‘ 
Andinomalonandidc, m.j). 24G°~247° (Wislicenus 
and Miinzesbeimer, Bor. 1898, 31, 551). 

Ethyl dianilinonifdonate (NHPh)2C(C02Et)2, 
m.p li7"-118° ((viirtiss, Amer. Chem. J. 

19, 091); methyl dianilinomalonale, m p. 124°— 
125° (Conrad and Heinbach, Ber 1902, 35, 511). 

Aniline dianihnomalonate melts and deconi- 
poses at 120° (Conrad and Kcinbach, Ber. 1902, 
35, 1813). 

Methyl phi nyhniuboiuedonale 

PhN:C(C02>le)2 

IS a thick yellow oil, reacting vigorously with 
water, alcohols, .ammonia, amimvs and acids to 
form .substituted aniiinomalojuites (Curtiss and 
Sj)eiicer, J. Arner (Jhem, Hoe 1911,33,985). 

Alkyl- and aryl-oxy-malonic acids. Ethyl 

cthoxymalonafe Cll((_)Pt)(CO, 2 b]t ).2 has b.j). 228° 
and yields on liydrolv.sis ethyl ethoxyma Ionic acid, 
j m.j).‘l23°~125°. 

! Eilufl dirthoxynadomde C(0Et)2(C02Et)2, 

i m p. 4:5°-44°, b.p 228' (Biseholf, Ber. 1897. 30, 
i 4S'7 ; Curti.sK, Amer, Climn .T. 1897, 19, 691). 

! Ethyl diphcnoxymedonate C(OPli) 2 (CH) 2 Et) 2 » 

; * 0 .]). 25b°-2()0769 mm. ; the 'O'ld has m.p. 173". 

I N ilroplanoxywalonates. Sodium 0 -, m- and 

j //-iiitrojihenoxides react with broino-malonic 
i esU-rs in lieiizene or xylene solution according 
j to the equation 
j NO.>'C( ll 4 0Na I CXBr(CO.V)., 

‘ NaBr I N()yC,“H4'0'CX(C().,Y)2 


1 where X^ ll, Me, Ml ; Y - l\l^, l^lt ; and sodium 
i nitiojiheiioxides cuiulen.se vitb methyl ami idbyl 
(hbi^unornaloiiates yielding hXnitrojihenoxy- 
maloiiic e.ster.s (CO()R),C(()-Cr,ll 4 N ()„)2 (Bis- 
ehoff, Ber 1907, 40, 3134“, 3150). 

Nitromalonic esters and derivatives. Ethyl 
ndromedonate X ( ) ._. CH (( T) 2 Et) is a colourless 
liquid, b.j). 127°/1() mm., sp.gr. 1'1988 at 20°, 
1 220 at 0" ; the alkali salts are bright yellow 
and jirobably hafe the t.soniti< structure 
(C 02 Et) 2 C : XB)-()R (Wahl, (X/in jit rend. 1901, 
132, 1050; cj. Fraiichimunt and Klobbie, Ree. 
j tra*. , ehiin. 1889, 8, 283 ; Eantszcli, Ber. 1907, 
to, 1523; Curtiss and Kostalek, J. Amer, Chem. 
Hoc. 1911, 33, 962); m, ethyl hitromalonatc 

N 02 ’Cll(C(>.,Me )2 forms a crystalline am- 
monium salt, m.p. 166° (Erauchimont and 
Klobbie, I.C.). Ethyl hromoniiromalonaie 
XO./CBr{C()2Et)., 

is a neutral oil, b.p. 136°~-137711 mm. ; the 
mcthyb>ester has b.i). 133716 mm. (Willstatter 
and Hotteiiroth, Ber. 1904, 37, 1775). 

Nitromalonamide N02’CH(C0'NH2)2» fonns 
six-8ulcd colourless piisms, m.p. 172° (with 
1 decomposition). The potassium salt is colour- 
less, but yields yellow solutions (Ruhemann and 
I (Irt.ou, Obem. Hoc, Trans. 1895, 07, 1002). 
i Bromomlromalowiniide N 02 ‘CBr(C 0 NH 2 )g, has 
, m.jj. 131°-132° and decomposes on boiling 
with water yielding bromonitromethane (Ratz, 
Monatsh. 1904, 26, 687). 
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Nitromaloiumilide NOj,‘OH(CO*NHPh)a I 
(Michael, Ber, 1905, 38, 22 ; Whiteley, Chem. 
Soc. Proo. 1904, 93) forme pale yellow leaflets, 
m.p. 141 M42®. 

N itromalonic aldehyde CH0'CH(N0j)*CI10 
has ra p. 50°-51°. For its condensation pro- 
ducts with amines, hydrazines, and hydroxyl- 
aminos, V. Hill and Torrey, Anier. ('hem. J. 
1899, 22, 89 ; HiU and Hale, Amer. Chem. J. 
1903,29,253. 

Ethyl ester of the smunilrile of nitronialonic 
acid or ethyl mtroeyaiiarelate, ('N'C.'HINOalCCoEt, 
yields a potas-sium salt, m.]j. 240° (Conrad and 
tSohulzo, Bor. 1909. 42. 735). N itrocyatuiccfamide 
(fulminuric acid, q.v.) (('N)Cll(NOj,)C()NHj, has 
m.p. 145° (decomp.) ibid. 739. 

Niirocyei nace, tyl carhu mi de 

CN-CHfNOslCKlJ^H-CONIfa 
is obtained as its potassium salt by the oxiej^- 
tion of the correspondinc; nitro.so compound. 

i^ioNitrosomalonic acid and derivatives, iso- 
Nitrosomalonic acid ((3)j,H ':NOH, m.p. 120°, 
first cibtainofl hy Hai'ver by hydrolysis of 
violuric acid (Bacycr, Aunalcn, I8(>4, 13J, 
292 ; Conrad and Ibsclioff, Ber. 1880. 13. .595), 
is identical with the o\inn* of mesoxalic aeid 
prepared from im*Hoxalic acid and liydroxyl- 
arnine (Meyer ami Muller, ibid. 1883, i(s 008). 
Fjthyl ihonifrosomaJomite (C() 2 Kt) 2 C:NOH (Con- 
rad and Biseholf, Ber. 1880, 13, 595), i.s a 
colourless viseid liquid, b.]). 17271^^ mm., sp gr. 
1-200 at 4°/0° (Bouveault and Wahl, Coinpt. 
rend. 1903, 137, 190) : or M49 at 15° (Conrad I 
and BisehofT, l.v.). Methyl isonitro807na,lomiie, ! 
b.p. 108°/13 mm, m.]). 07° (Bouveault ancl j 
Wahl, Lc.). For oxvminomaloiMimic acid j 

CO()H-C( :N()]-1)-C0NH2 i 

m.p. 137° (docoinp.), ami o riminomalonumidi ue 1 
COgH'fX : Noll )•!'(: NHj’NIia ((h'composcH at j 
283°), ami allied eornpoumis, i\ Wielaml and j 
Baumann, Annalen, 1 912, 392, 19<>. ^ j 

Tile iLsonitroHo derivatives of malonanude i 
and till' substituted amides of muloiiK- arid are 
obtained by the aistion of nilro.sy) ehloridc at 
0° on the amide dis.solved or susjicnded in dry 
(diloroforni, and the yield is nsually quantita- 
tive. 

f,voNitroHomalonamide i'nd the alkvd sub- | 
.stituted demnU^yes arc colourless, the aryl . 
substituted derivative.s are yellow, or exist in '• 
two lorms one yellow and omi eolourles.s, ex- ' 
hibiting dynamic isomerism ; all the wonitroso | 
derivatives form crystalline yellow alkali and 
silver salts, and deep violet or blue ferrous salts, i 
It is probable tliat the yellow i.sonitroso deriva- | 
tives and tlic salts possess the true oximino | 
structure 

(C()NHR)2C;N0H ; {CO*N5fR),C.NOK 
whilst the colourless wonitroso denvatwes are 
/NH 

wooximos (C 0 NHR) 2 C<^^ . 

/NH 

iBoNitrosomalofiamide (CONHjjlgC^ 1 
H) 

colourless, m.p. 187° (decomp.); the acetyl 
derivative is colourless, m.p. 190° ; ethyl deriva- 
tive, pale yellow, m.p. 150°-J51°; the silver 


salt (CONHj)jC:N‘OAg,2NHg, deep yellow 
prismatic crystals ; potassium salt 

(C0-NH,)2C:N-()K 

is yellow, and forms with ferrous sulphate the 
ferrous potassium salt • 

(CONHa)2’C:N’OK,[(CONHj)3C:N-0]2Fo 
which crystallises in well-defined purple prisms 
with a bronze or green reflex. The yellow 
variety of i.sonitrosomalonamido 

(C0NH2)2C:N0H 

differs from the colourless form only in colour. 
imN ilrosomaloud imethylam ide 

.Nil ^ 

((X)-NHMe).2C; I 

0 

m.p. 157°; the potassium salt 

^ (CONHMe)2C:N-OK 
IS bright yidlow ; the /c; rows’ salt 
|((!()NirMe)2C:N()|2Fo 

is jiiiijdc. 

isoN ilrosoinalomniilidi . Tiio colourless variety 
hecoiiic.s yellow at I38°-140" and melts at 141° ; 
the ydloiv variety liecomes white at J20°-122° 
and imdls at 141°; the equilibrium mixture ot 
the two isoinendes imdts at 124°. 
isoiV / ti osom al onmon oph e u ylam ide 

/NH 

NJirh-CO-C(C4)-N}l,)^ 1 
“ '^0 

has m.ji. 180°-J81° (dc-ornp.). 
iso A ilrosotrutlomli- p-iolylamidc 
(CONll-C^ll^j^t :;N-OH 

is pale yellow-, m.p. 170°-171°; the colourless 
iM)mcTid(> becomes yidlow at 150° and melts at 
170°- 171°. 

iso N i troujmalou rnovo-p-tolyla ni ide 
( i^H/l I N ‘C0'C(C()-NH2);N0H 

is lemon yellow, m.p. 183°. 

isoA’ iirosom.ulo/idi‘<)-folylam idc 
(C0NK-C7H.).2C:N0H 

IS yidlow, m.}). 111°; the colourless isomerido 
changes to yellow at 75° and melts at 111° 

Ethyl isow ilrosomalon-o-tolylamate 
( 7 H/HN -CO •C((^02«t):N()H 
IS pale yellow, m.ji. J40°-141°. 

J so A ilrosomolo ndi -a-naphlhylam ide 
(CONH-OigH^lgCiNOH 
is orange coloured, m.p. 184°. • 

r imNiirosoinaUmdi-p-uaphthylamide is pale 
yellow-, m.p. 221°; the acetyl derivative is 
colourless, m.p. 179° (decomp.). 

imNitrosonialoitdunelhylanillfde crystallises 
with J mol. methyl alcohol. 

/NH 

(CO-NMePhjaCC i , MeOH 

0 

I 13 colourless and has ft.p. 109° ; the acetyl 
; derivative has m.p. 130°, the benzoyl derivative 
j m.jt. 1.57°-158°, and the ethyl ether m.p. 138°. 

I \mN itrasonudonieiraph e nylayn idc 

j (C0NPh2)aC;N0H 

' forms pale yellow prisms, m.p. 237°-238° 
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(deconip.) ; ih(' (icciyl derivative is pale yellolv, ' 
m.p. UK)” ; the henzoyl derivative is colourless, 
m.p. 175°, the clhyt dim has ni.p. I04°-l()5°, 
(Whitcley, Chom. Soc. Trans. 1000, 77, 1040 ; 
1003, 83, 18, 24 ; Cheni. Soe. IToe. 1001, 03). 
imNiirdsomdlowh aretka )ie 

(CONH-(X>JCt),C.NOH 

m.p. 203°-204° (Conrad and Sc'hulzo, Her. 1000, 
42, 735). Tlio (inimnviunt. salt forans bright 
orange jmsrns, m.jj. 174 ’. Thr pofaf^fiiuni salt 
{( !0-Nll'CU , F.t).C.N 4 )K , is bnglit orange-red 
(Whiteley). 

Derivatives of the seminitrile of isonitroso- 

malonic acid. Ethyl isomfrosex yan<u date 

• HON:C(CN)COJOt 

nip. 133°, yields metallie derivatives (Com ad 
and iSehul/e, Ber. 1000, 42, 735). 

'The irtct/iy/Z e-s/tr has m ]). 123°. 'riie<//a/.s 
EtON.C(('N)CO,Ct 
b.p. 125° -127° J/22 24 mm. and 
KtUN:('(('-N)(’0,Me 

b.p. 121° l24°/23 25 mm. and the emTesponding 
benzoyl denvativt', rn.]). I31°-132°, uredestubed 
by Mu11(t (Ami. Clnm. Thys. [vii. j I, 403). 

1 xov itrostKifanxu'dainule (Desoxyfulrniimrh! 

acid) CN-C:N6K-(X)NH.„, m.]>. 181° 05a/. 738). 
ItiOH itrosocyanacd yl rai ha in ale 

U()N:C(CN)COJM K'CONbL 
m.p. 220° (deeomj).) [ihuL 741). 

1 sointroKonfana( dyi indhaiie 

HON;C(CN)CONH('0,l‘:t 
forms vhite ervslnls, m.j). 201° ((h'eomj) ) [ihai. 
742). 

Condensation of malonic acid with aldehydes. 

Maldnie aeid eondenses Avilh aldehytles accord- 
ing to the eciuation 

(CO,H),(Tl, + OH(!-ll-(Ct),ll),C.ClllM IloO 

TIh' nu'thylone malonic acids thus j»roduccd 
yield the eorresponrhng alkyl or ar^ I malonie 
acids Cll .ICCH((X)JI)_j on leduetion : and 
lose earho'n dioxide on heating to form the 
substituted acrylic aeul CHR:(TTC<) dl. 

Th(' /n.ymalonie acid C1IK|CH C<)jJ4)jh is 
sometimes obtained when the aldehyde and 
malonie acid are tnkmi in the jirojmrtion of 1 
mol. of the fornn'r to 2 mols. of the latter. 

For the corntthisation ])roduets with form* 
aldehydi', xec. Haworth and IVrkin. Ciicni. 
,Soo. Trans. 1898, 73, 339; Bottoniley and 
JVrkin, ibid. 1900, 77, 294. Eor the dhylidenc, 
iHobutylid^ne, M^uamyUdene, a lunitl.ylidene, valny- 
lideiie, ntrylidcne, furfuryhdenr, < loioiiyhde/ie, 
hcnzylidcia , and eimaimylidrm , ani^ylidene,^ 
indhylf^alieylidene, piperoiiylidem and phcnylpio- 
pionylidetic malijmie acids and deiivative.s, see 
Kom monos, Annaleii, 188,3, 218, 145 ; Knoe- 
venagel, Ber. 1898, 31, 2585; Braun, Monat.sh. 
1890, 17, 207 ; Biedel and St raiibe, Amialen, 
1909, 307, 40 ; Knoe^enagel, 1). It. BP. 101 171, 
150500, 104290, 97735 ; ^Vr]ey, Bull. 8oe. ehim. 
18i)9, liii.] 21, 414 ; iVkin, J. Biol. Chem. 1909, 
7, 49 ; Rohmer, Ber. 1898, 31, 281 ; Riedel, 
Aunalcn, 1908, 301, 89; »Stiiart, Chem. 4>oe. 
Trans. IHH3, 43, 403 ; 1885, 47, 155 ; 1880, 49, 
300 : Claiseii and Crismer, Aimalen, 218, 129 ; 
Einhorn and Gehronbeck, Annalen, 1889, 253, 
374;- Claiscn, Ber. 190.3, 80, 3004). For con* 


dciisation with afi-di-hromopropaldthydc, v. 
Lespieaw (Cunipt. rend, 1910, 101, 1359). 

M. A. W. 

MALONYLC ARB AMIDE, Barbituric acid, v 
Pyrtmidink, 

MALT V. BREwaNo. 

MALTASE IS the enzyme wXiieh hydrolyses 
maltose to tw’o mok'cules of dextrose. It is 
present in most, Hioiigh not in all, species of 
y(‘a.sts ; those y«‘asts (c.g. Saeeluiromycc^ maixi- 
<unis, S. rra/iiiis (Rees), liuhcaju, E. saturmis, 
.S', aianiadu-'^) which do not eoiitaiii maltase are 
iinahle to fei merit maltose, Maltase is found in 
Jsjit n/illa.s niyei, P( lueilhitin (jlaucum, and ot her 
mould tuiigi ; a maltose splitting enzyme is 
piesent in the intestine (Brown and Heron, 
Plot, Roy, Soe. 1880, 30, 393) and in numerous 
other animal tis.sue,s ('J’ebh, J. Physiol. 1894, 
15, 121) Aeeoiding to Conijiton (Biochem, ,1. 
1921, 15, ()8l)it IS piesent in tlu' blood serum 
or the dog, ]iig, goat, horse, ami ox, and is 
ah'-'cnt 111 that id tiu' cat, giimea-])ig, rabbit, and 
man. Maltase is ])rcsrnt in the solid residue 
left after reiicntcally extracting maize, millet, 
or huckwh<‘tit with wah'r until th(“ ilmstase lias 
h(‘en removi'd. The dry ]>owder lias iar more 
pow^i'iful eiizyinatje proja-rt k's than aipieous 
extracts, and in tins n'spi'ct resmnbles the 
])(»w'ders trom drieii halves eontaiiiing emnisiii, 
&e., jn\estigal.ed hv Armstrong (Broe. Roy. 
Soe. i!H2, 85, B, 3().3). The maltase ,so obtaini'd 
IS stated by Wici(how'ski (Biochem. Zeitscli. 
1913, .50, 209, 57, 125) to hydrolyse starch to 
(lextiose and .soluble stareli, no di'xtrins being 
formed as intermediate ])roduets. Maltase is 
nioie dilliiuilt to extiact than inveriase ; aetive 
extracts can only be obtained from yeast after 
the e<‘lls hav(' been di'stroxed, or, better, after a 
prelinunary drying in a I bin kiyi'r at a low 
t(mi]>eratnre. Thi* enzyme is not liberated on 
.sliaking yt'ast w'lth toluene \4il(‘r. Yeast jmee 
made by Buehinu's method of eoinjiression 
1 contains multu.se Blown and Ih'tori found 
i aipuams extiaet of j)ig’s intestine to have no 
action on maUo.se, but aft(‘r drying at 35° tine 
shnals of tlu' intestine were aetive. Using 
similar metlKuls Ttdjb found nuxst maltase in 
the miieouK nieinbraiie of the small intestine ; 
it was also pre.sent in the sjilemi, lymphatie 
gland, liver, kidneys and in tlie pi^ereatie and 
salivary glands, and least .*.il in muscle. 

I When till' tissue is finely inineed and suftieierit 
tinyi (several days) is allowed for adequate 
extraction, aetive inaltuse may be obtained from 
fre.sh tissues. Malt doe.s not contain maltase. 

In ])iepanng inahase solutions for praetieal 
w'ork it IS always advisable to devote some 
attention to ascertaining the exact conditions 
necessary to get a jirojiaralion of maximum 
activity, 'riic yeitst should be dried quickly 
and in tliiu lafmrs at about 25°, the extract 
should<'be prejiarod with suitable distilled w^atcr 
in hard glas.s vessels at 35° or less, maceration 
being eontinned for not too long a period. The 
extract should be filtered quickly and used at 
I once. TolueiH' is by far the best antiseptic to 
em])loy. 

Maltase is destroyed by precipitation of the 
i aqueous extract xvith alcohol, so that it has not 
I been xiossiblo to purify it. 

I Malta.se also hydrolyses a*methylgluco.side 
j and other ■synthetical a*glucosides, although it is 
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without action on the isomeric ^-glucosides. 
Amygdalin is liydrolyscd by an enzyme akin to 
maltase, prescni in some yeasts, to dextrose and 
amygdonitrileglucoside (Fisciier, ]>er. JH95, 28, 
ir)(i8). This action is clue, however, not to 
maltase, but to aniygdalase (Faldwcdl and 
(\uirtauld, Proe. R^)y.‘ .Soe. 1907, K 70, llbO). 
Maltase is able In cause syntludic as Avell as 
analytic changes ((’rofi Hill, (’hem. iSoi*. 'I’rans. 
1808, 7 : 1 , 0:i4; lOO.’l, HO, 578 , s,f also Jiayliss, 
'riip Nature of Eiizynu' Action. Longmans, 
1011 ). 

'riu' optimum tcmpcraturi' of maltase is 
.‘{ 5 '’ 40 ^. 

Maltase is destroyed bv e\c<>ss ol alkali, 
and also by acids ol any marked stiength, a 
nuclccjprotein-like substance l.'Cing precj[utated 
The, optimum activity as measured towards 
maltasf' or a-metliyl gliicoside takess place in 
solutions Avhicli are just a<‘id, viz bidwei^ 
yijj- Crl and y>j^“(i‘8, and in tins respi'ct it 
differs markedly from inviutase (o])tinial jaunt 
Pii~’^’'^0- point maltasi* is mactnc and 

even destroyed. Malt.isi* (Idlers from iincrtase 
also 111 that it is jirer-ipitaf (sl at its isoi'lcctiic 
jauiit. and is adsoibed by kaolin, wlu'reas 
invert ase is not (e/. Micluu'lis and Ibma, Hiochem 
Zed sell. 19111, 57, 70). Tlu' aidivdy of maltase 
solutions is as a rule iuerca‘-('d by dialysis, and 
in such dialyseil solutions the ojilimum activity 
gmierally occur. s in a solution oi lower acid 
conc('ntration. L. F A. 

MALTHA. A varii'ty of ‘ miner-al tallow ’ 01 
wav, sji.gr. 0'77, .solubh' in alcohol, najihthu, and 
oil of till jimitim', said to b(‘ originally found on 
the coast ol Finland. It is white, brittle, and 
stains jiapet like oil, melts at a modruate heal, 
and burns with a smokv flame. A similar hydro- 
carbon IS imd. with in the od-titdds of California 
MALTODEXTfUN e. DEXTiiir^. 

MALTOSE r. Caiuiouydiutes ((/ Haworth 
and Ledch, Chem. Soe. 'brans. JOlO, I 80a). 

MALVIDIN, MALVIN r. An iiiocyanin.s. 

MAMMIN r. Syjstiietic nRiio.s. 

MANACCANITE. A variety of titamfeious 
magnetic oxide of non found in grains and 
small angiilai fragments at Manaccari ni-ar 
Helstone, and otlu'i jilaces in Corinvall, v, 
Tlmsjntt^: ; '^Qtanium. « 

MANCHEm«, YELLOW, Dnutronaphthol 
V. N APHTHA LKNK. 1 )iriitronaphthol-yellow has 
been used to artilicially colour natural sulTron. 
To di'tect the adulteration, an infusion of fln^ 
matter is jireji uial, to whieh some tartaric aeid 
18 added. A hank of wool is then dipjied in 
the boiling solution. The wool thus dyed is 
washed in veiy dilute 8ul|)hurie iieid, and the 
aeid afterw'ards neutralised with ammonia. Jf 
saffron contained any dinif rortajdilhol, th(‘ w'ool 
or the solution will be coloured yellowy whereas 
wool dyed wdth a decoction of gimuino •nffron 
and tri'atod in the .same manner becomes colour- 
less (Cazeneuve and (f. Ginnossier, Soe. (’hem. 
Tnd. 5, 437). 

MANDELIC ACID {PlienykfhjfolUc arid ; 
a-phenplhydroxjpirctw and) HgHs'CHlOHjCUjjH. 
Discovered by Winkler in 1852 in the emulsion 
of bittor almonds. It may be obtained by 
warming m-dibromoacetoph'enone with dilute 
alkali (Engler and Wiihrle, Ber. 1887, 2202) ; by 
oxidising W'hvdroxyacetopheiione with copper 
You IV.— T 


sulphate (Brener and Zincke, ibid. 1880, 0,35) ; 
by boding phen\lehloraoetie acid with alkali 
(Spiegi 1, ibid. 1881, 230); and by warming 
iH'nzoylformaldehyde wdth alkali (Peehmunn, 
ibid 1887, 2005; Muller and JVehmann, ibid. 
1880, 2558). It is best jirejiared liy shaking 
eommereuil benzaldeliyde with a eoneentrateil 
^ solution of sodium bisuljilnfi', tiltering off and 
drving the bisulphiti* eomjiound. This is thmi 
made into a paste mth wafer, and the euleulated 
(jnantitv^ of iiotassium cyaniik solntion added 
with .'•'(irnng. The oily mandidonitnle soon 
si‘|)arates, and is hydtolysed hy boiling with 
(lin'e times the theoretical (juantily of hydro- 
chhuic acid (l’aj)c, (’hem. Zcit. IHyjfl, 20, 00; 
(’hmii. Fall, vor. Hofmann and iSchoctensack, 
Fng. J’at. 14880; ,1. Hoc. (’hem. 1ml. 1800, 014; 
rf. Muller, Arch. Phnrm. [iii.j 2, 385, 380 ; 
Pci. 1872, t)80; Wailach, Annalcn, 103, 38; 
Linrinm. //jfd. 130, 200; AVincklcr, ibid. 18, 
310). 

Foim.'-' colon rlcs.s rhombic jirisms ; m.p. 1 18° 
((’laiKcn, Her 1877, 847); sj) gr. J‘301 at 
P'/4‘’ (Schroder, ib/d. J8S0, 1012); readily 

solubh* III alcolioi and ether. On heating the 
acid at 200'\ hciizahhdiyde and an amorjihoiis 
mass is obtained; hcnzaldehyih', water and 
dij)hcnvlmalei(‘ anhydride arc torined wdicn 
it IS healed in a cnrrmit of air under re- 
(bleed jticssurc (Biscliotl and Walden, Annalcn, 
270, 118; Licbig, ib/d. 18, 312). For the 
unhydiidc ol mandclic m id t’.ijH^.gOo, r. Stiitz, 
H(‘T. 1011, 44, 3485. (if is jiossiblc that this 
so-called anhydride is the laetide (’^II^O„.) 
('/ Denham and Woialliousc, (’hem. Hoe. 3’runs. 
1013, 1870. Finning mfiie acids yields o- and 
yMiitrojihenylglycollie acids (Prat(‘si, (tazz. 
chim. dal. 21, ii. 402). JOIciuroIysis of an 
aqueous .solution ol the jiolasHinm salt results 
in the production of hydroh(‘nz()in and a suiill 
quantity ot isohydrohmizoin (Walker, (’hem. 
Hoe. 'bran.s. 1800, 1270); but aceiading to 
.Miller and Hofer (B(>r. 1804, 400) benzaldeliyde, 
carbon di(^\id(‘, and carbon monoxide are' the 
products. By jiassing eurbonyl chloride into 
an lee-cold .solution of the aenl in jiyridine the 
bi molecular anhydride, m.p. 240°, is formed 
(Finhornand Pfeiffer, Ber. 1001, 205J ). Hydro- 
gen iodide and phosphorus eonvi'rt mandelic 
acid into phenylaeetie aisid, and fuming hydro- 
chloric acid at 140“ yields jihen^chloracetie acid, 
Mandelic acid condcnsi's with plienols in the 
pre.sence of 73 ji.c. Hiiljihunc acid to o-hydroxy- 
diarylacelio acid, lactones and /i-dihydroxy- 
diarylacetic acids ( Bi.strzycki and Flatau, Ber. 
1805, !)H0 ; I8!)7, 124); v. also Himq^is (Ber. 
1808, 2821) for condeiisation with /f-naphthol, 
resorcinol, and orcinol. The nitrile luejiared as 
abov(‘, IS a yellow^ oil, solidifying at — 10°. The 
amid(‘ has m.p. 100°, th(‘ anilidf||15l °-152°, and 
' the phenylliydrazidii 182“ (Tieinann and Fried- 
' lander, Ber. 1881, 035 ; Kiusscrt and Kayser 
! Ber. 1800, 3701 ; Biederraann, ibid. 1891, 
4083 ; Bischoff and Walden, Annalen, 279, 118). 
The methyl ester has m.p. 52“ (Zincke and 
Brewrr, Ber. 1880, (>30 ; ^iuhe, ibid. 1895, 259), 
and the ethyl ester has ra.p. 34°, b.p. 253°~255° 
(Micrfiael and -leanpretre, Ber, 1892, 1684; 
Bey(«r, J. pr. ('hem. [ii-l -H, 389); m.p. 37“ 
(McKenzie, (’hem. Soe. Trans, 1899, 756). 

Mandelic acid contains an asymmetric 
carbon atom, and hence can be split inta tw^o 

V 
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optically active iHonicrides. L(‘\vkowitHoh (Bor. 
1882, 1505; 1883, 1565, 2722) obtained I- 

mandelic acid by ticating the inactive acid with 
HacclMromyccK ellij)Hov1en.s (H<‘cs) and d-jnandebc 
acid by using vanous niicro/.oa, such as Penrd- 
livM glaucurn, &c. Oaitial ri'solution of the j 
inactive acid has also btaui cflcctial by means j 
of the fractional (aystaJlisatioii ot salts \\i(,|) 
alkaloifts, such as (juimno and morjihiuc, and ' 
with active amines such as inetliylhjalrindarmne ; ! 
and by cHtcritication with aetivi' alcohols, such i 
as menthol and boriii'ol (McKenzie, t'hem. Hoe. 
3’rans. *J8!>9, 0(tS ; 1904, 378; McKimzH* ' 

ami 3’}iom]ison, ihid. l!>0r», 1001; Mariik- 

wald and' 1^1111, Her 1900, 3 (mI, Kipping,' 
(3u‘m. Hoe. 3’rans. J90!), 410; Kindlay ami 
Hickman, tlnil. 1909, 1380). H,acenus.it.ion is ; 
found to take place, on boiling the active acid ' 
with alkali (Holleman, lbs' trav. /;hiin. 1 898, | 
17, 323; McKenzie and Mulli'r, dheni Hoc. j 
Trams. 1907, 1814). Asynnm'trie , syntheses ' 
have been condiicti'd by McKi'iizie and Hiiim j 
phrics {ihiU. 1909, 1100) from / menlhylbenzoyl- ; 
formate, and by llosenthah'r (Bioehem. Zeil.seh. ; 
1908, 14, 238) from rf-lienzahhihydecyaubydnn. | 
d- and i-Muiul('lio acids can also be pri'pared by ! 
the hydrolysis of ainygdalinic acid (Dakin, 
llhem. Hoc. Trans. 1904, 1512; cj. Wohler,, 
Annalen, 00, 238 ; Walker, (’hem. Hoc. Trans. I 
1903, 83, 472 ; Tutin, thtd. 1909, 003 ; Keist, 
Arch. Bliarm. 248, 101 ; Itosenthalei, tbtd. 
105). Incomiilctc hydrolysis of the ethyl estei 
by hpofie yields tlu! d-acid, whilst the esti'r 
remaining is I.cvorotatory ( Dakin, dliern. Hoc. 
Proc. 1903, 101 ; J. Physiol. 1903, 30, 253). 

bMandehc acid has m.p. 132’8k and 
[a]^— 153’K in water (Walden, Zeiisch. physikal. 
Chom. 1895, 17, 705; cf. Lewkowitsch, Ir ; 
R^mbach, Zeitsch. pliysikal. Chi'in. I8!)9, 28, 
251 ; Her. 1899, 2385). d Mandi lie acid has 
m.p. 132'8A and [ajp + lhO" (Kipjmig, (Jlu'in. 
Hoc. Trans. 1909, 410). Kor experiments on 
the Walden Inveixioa w'lth mandelic and phenvl- 
chloracetic acids, v. McKenzie aiid Clough, ' 
(Jhom. Hoc, Trans. 1909, 111, 

MANDRAGORA ROOT. In 1889 Ahrens 
(Annalen, 251, 312) extracted from Mandragora \ 
root an alkaloid possessing similar jiliysiological 
properties to atropine, and which he named I 
mandragorui. Thoms and Wentzel (Bi'r. 1898, j 
31, 2031) showed tliat the watulragorm of j 
Ahrens was a mixture of bases, the chiet of 
which was hyoscy amine, and subsequently 
isolated another base, wliieh they mimed 
scopolam ne (Ih'r. 1901, 31, 2031). Hesse (J. pr, 
Chom. 1901, 04, 274) turther investigated the 
subject and found that //mndmf/o?« root contains 
0*30 p.c. hyoncyafninc, 0'04 p.c. hyoncine 
{scopolamine of Thoms and Weiitzel), O’OJ p.c. 
ifi-hyoscyamine, and a still smaller quantity of 
a new base mandragorinc. To obtain these 
alkaloids, the roots are powdered, moistened 
with a solution of caustic soda, and extracted 
with ether under a reflux apparatus. The 
ethereal solution is repeatedly extracted with 
dilute sulphuric acid, thi' acid solution being 
made alkalino with sodium bicarbonate ^ and 
extracted with chloroform. This operation is 
then rejieated, whereby the liyoscyamine 
remains m, the aqueous solution. The bases 
from the chloroform extract are neutralised 


with hydrobromic acid, and the filtered solution 
allowed to crystallise. The hydrobromides of 
the bases are then extracted with acetone, 
which leaves the pure hydrobromide of hyoscine 
('j 7 H^jN 04 (m.j). 194"). The free base is 
dccoiriposi'd by baryta into tropic acid and 
oscinc tkllj.,NOj. 'Flic mother liquors of the 
hynsciuchydrobrnmnh' yield i/r-Iiyoscyamine on 
add il ion of sodnirn bicarboiiato and extraction 
with cliloroforni. On adding sodium carbonate 
to till' residual solution, the alkaloid 
mamlragonnr, toiming a gold double salt 
('i.>ll igNO^HAiiClj lb obtained. The free base 
IS <lccom])OH('d by batyla into atiopic acid, and 
a base resembling (ro]»inf'. 

MANGANATES r. rsk. 

MANGANESE. Hym. Mn. At.wt.5J‘95. (Fr. 
Manganese ; (ler. Manga)i ' Manganese is not 
lound in Ibc metallic state, in combination, 
e.qiccially as o\idt', it is widely distributed. The 
most imiiortant ores arc those corrcsjjonding with 
th(' dioxidi' MnO^, pyrolnsile. Hr is also found as 
the oxides hraiinife Mu^(i;,, hausmannite MU3O4, 
as hydrated oxide MiioO^jlLO 111 niangande, and 
associated wtlii baiium oxide in psilomeJane, As 
sulphide it occurs as alahandife MmS and haacrife 
MiuS^ ; as carhouato in 1 liodocrosUc or dialexjiie 
MuOb., ; as silicate m rhodonite MiiHiUg ; ami 
lephroite Mn.^HiO,. The former is of a beautiful 
red colour, found largely in llic Ural Mountains, 
and used as an ornamental stone, it is often 
! presi'iit to a. sinaii extent in otlior silicates, and 
I confers on them its colour. The chief sources of 
the manganese ou's arc Russia, the Caucasus, 
Biazal, and iiidia. Hmalier quantities are mined 
ill Ccimaiiy, Austria, Hjiani, Tm’kcy, Jaiian, 
Crceee, and Hungaiy. Di'jiosits of mangani- 
ferous iron ori'S ociuir in California and in the 
Fasteiii Htates of America, Vancouver Island, 
and Nova Hcolia. Manganc.se deposits are also 
worked in (!uba. Manganese is present in soils, 
and frequently in mineral, paiticnlarly elialy- 
bi'aie, waters, it. oi'ciiis in many plants, 
esjiecially m tea and tobacco, and is, in fad, 
widely distnbuted throngliout the vegetable 
kingdom. 

Preparation . — Metallic manganese is not 
used m the arts except wlu'ii alloyed with other 
metals. It may bejirepaicd by reduction of the 
oxide with carbon, Imt the tcinpgrja "iiro necessary 
for the reduction is so high (1 loo^C., Creenwood, 
Chom. Hoc. 'I'rans. 1908, 1491) that it is only 
ob,;aincd with dilhcuUy in ordinary furnaces. 
The ui'iginal method ol preparation described 
by John ((rehleii’s Jonr. fur (Jiem. Phys. 3, 452) 
consisted in making an intimate mixture of 
tincly divided manganous oxide and carbon 
by mixing with oil and heating, and e^osing 
it to as high a,, temperature as possible in 
I a crucible linc^d with charcoal. The impure 
maiigt^ne.se so ohtainetl was purified by fusing 
under salt and nitre. 

, Brunner (Annalen, 102, 330) prepared the 
metal by heating a mixture of somum and 
I manganese chloride or fluoride in a blast furnace 
for 15 minutes. It may also be obtained by the 
reduction of the chloride by magnesium. 

Deville obtained tlie metal by the reduction 
i of the pure red oxide by means of sugar 

charcoal present in iiisuflioient quantity to 
reduce the whole (Ann. Chim. Phys. 1856, 46, 
182). 
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Valenciennes (Compt. rend. 70, 907) pro- 
duced it by reduction of the pure oxide with 
carbon in a magnesia-lined crucible aa a hard 
and brittle mass, quickly oxidis(*d by exposure 
to air. 

Oxides of manganese are reduced to the 
protoxide but not to UK'tal liy igrution in hydro- 
gen. Hugo Tamm ((/liem. News. 20, 111) 
recommends the following process for the pre- 
jiaration on the large seal(\ Two lliixes are 
prepared. (1) A fusibhi ‘ white ’ flux of ground 
glass (free from lead) (111, qineUime 181, and 
tluorspar 181. (2) Flux No. I 114 parts, lamp- 

black 51, native mangane.se dioxide ol good 
quality tiOt. 

The erueibles used shoiihi be very refractory, 
lined Avith a mixture <4 11 jiarts plumbago and 1 
jiart tireelay, made into a pasti' with water. 
This easing resists the action of tlie flux lor^i 
considerable time. In such a crucible finx No. 
2 hs igniteil at the highest tiunperature ol a wind 
furnace witli the production of 17 1 p.irts of 
‘ Oort inangane.se ’ and a gremi slag .saturated 
With manganous oxide. Of this slag (5115 parts 
ari' thoroughly mi\('(l with 91 parts of lamp- 
black (charcoal cannot lie used), and then with 
lOtIO parts ol rn'h manganese ore. 4’he whole 
IS made into a paste A\ifh oil, ])ressed into the 
crucible, covered with a ]uee.<* of wood to pre- 
vent oxidation, and luted down, leaving an 
njierture for tlu' ('sea]io of gases. 

The crueihlo is next Invited in a blast fur- 
nace, at first gently, until lumes e(‘aso to escape, 
and finally to whiteness, for several hours. On 
cooling, the manganese i.s found as a eoln'nmt 
mas.s. The grivui slag may Ik; used several 
times with the addition of a little white flux to 
increase the liiiKiity, provnh'd too much gangue 
he not jiresent in tin* ore. 

Operating witl an ore eonfaining 79‘r> p.i;. 
manga ni'se dioxidi', (>’5 ji.e, ferric oxide, and 
I0'r> ]) e gangue, the manganese obtaimnl sinewed 
the following composition: Mn 1M>'9, Fe J ‘05, 
A1 0-10, (’a 0-05, F 0‘05, S 0'05, Si 0 85, 0 0-95. 
This me< d, when fusi'd with one-eighth jiart of 
manganous carbonate, contained Mn fMFOl, Fc 
0‘05, Si f)‘()J5, 0 0’025. 

1’ho metal i.s now almost entirely prepared 
either lA^ re^lmdioii by aluminium by the Oold- 
aohmidt luot^di^or by means of the electric 
furnaeo. In the latter methotl jmre man- 
ganous oxide is intimately mixivl with carbon 
and heated in an electric furnace, a current 
of 1100 amp^>re.s at 00 volts giving a yield of 
100-120 grams of manganese in 5 or 0 miniik'S, 
or a current of 100 arnp^ri's at 00 volts giving 
the same amount in 10-15 minutes, dare 
has to be taken to avoid prolonged heating, 
as the metal readily volatilities in the electric 
furnace, and hence consideiUble loss may 
result. As carbon readily dissolves in malfganese 
the metal so prepared usually contains from 
5 to 14 p.e. carbon, which, if the manganese is 
volatilised, remains as graphite. By again 
fusing with oxide it may be obtained almost 
quite free from carbon and silicon (v. Moissan, 
The Electric Furanoe). 

The principal use of manganese in the arts 
is in tho manufacture of steel (g.^.), where its 
alloys are employed as a deoxidisor for carburising 
tho finished steel by means of ihe large per- 
centage of carbon contained, the manganese 


also conferring improved qualities on the steel. 
Both spiegolcison and ferromanganese are 
smelted in blast furnaces similar to those used 
' for making pig-iron. More basic slags and a 
higher tempmaturt' are, however, * employed, 
involving a larger consumption of fuel and 
shorter life, for the lurna('.<) lining ; consequently, 
the boshes ar»‘ u.suully completely^ water- 
jaekoted. tSjuegoloismi is manufactured con- 
taining 10-20 p.e. of manganese and 4-5 p.c. 
earhon, aecording to the demands of tho steel- 
maker. As a cunsidorable pro])ortion of man- 
ganese pa.s.ses into the slag (up to 0 and 7 p.c. in 
spiegelei.se n) allowance has to be nyjide for thi.s 
in making up the oliarge. Ferromanganese 
eontaiiung 80 p.c. manganese and more with 
(i p.c. carbon is rminufactured and largely used 
in open luvirth .sti'els. 

Proprrl^.'i . — Fnre mangano.se is soft and 
do(‘s not scratch gla.s.s ; if it contains byt little 
carbon it may be kejit in open vo.ssols. As the 
pereiuitage of carbon incn'ases it becomes more 
readily deciJinjiosed by the moisture in the air 
and .sin.ill fragtmuits exposed to tho air become 
oxidised in 24 hours with the production of 
hydrogi'ii and hydrocarbons. It appears to 
tonn a didimto carbide Miigt', which is hard and 
brittle, and rapidly oxidises in air, and by mois- 
ture IS dceonipo.sed according to the equation 

M n ,( I + (1 11 A ) - 5 M n( 0 1 1 ) j + ( + H 2 

equal volumes of inelhanii and hydrogen being 
i evolved. This carbidi' is jjrobably present in 
solid solution in the impure manganese, on which 
it confers its hardness (</. Huff and (lerston, 

Ber 19111,48,400). 

The metal has been obtained crystalline by 
distillation in tlu'. electric furnace, and as a 
pyrophoric powder by gentle ignition of ,its 
amalgam in a current of hydrogen (Prelinger, 
Monat.sli. 14, 355). If the temperature of 
Ignition IS too high it is no longer pyrophoric, 
and although paramagnetic at ordinary tem- 
perature.s becomes ferromagnetic on heating. 

Th(‘ iTif'tal dissolves in dilute acids, and 
with hot sulphuric acid liberates sulphur dioxide ; 
when used as an anode in electrolysis it behaves 
normally in acid and neutral electrolytes but 
becomes pa^fiive in alkaline sulphate or phos- 
phate baths (MiiUer, Zeitseh. Elektrochem. 11, 
755). Its sp.gr. is about 8. 

Th(i melting-point of a 99 p.c. manganese ■ 
was found by Heracus to be 1246° (Zeitsch. 

; Elektrochem. 1902, 8, 185). According to 
i 4’icdo tho melting-point of mariganeseJs 1290®. 
Other authorities give 1210" to 1230 . When 
; heated in nitrogen or ammonia a nitride is 
I formed, posse.ssing marked magnetic properties 
i (Shukoff, J. Ru.ss. Phys. CheiiyHoc. 40, 467); 

! nitrides of composition MngNg, Mn^Nj, and 
' Mn^N, are stated to exist (Wedekind and Weit, 

' Ber. 41, 37U9). From tho lowering of the 
freezing-point by phosphorus the value 27 *6 has 
been calculated for the latent heat of fusion 
(Schemtschuschny and Efremoff, J. Russ. Phys. 

, Chem. Soc. 39, 777). At 1000° the metal is 
I oxifllased by carbon monoxide with formation 
' of manganous oxide and carbon (Charpy, Compt. 

I rend. 148, 560). 

Detection. — All compounds of manganese, if 
! strongly ignited, impart an amethy^-red colour 
to the borax bead in the oxidising fiame ; the 
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bead can l>e rendered (lolimrle^s by eareful heat- 
ing in the reducing flame. When heated with 
soda and a little nitre on platinum foil a very 
small quantity of manganese produces a green 
colour. " 

A very delicate test, in the absence of chlor- 
ides, consists in heating the substance or solu- 
tion with dilute nitric acid and a little h‘ad 
peroxide. "JMie manginu'se is thus oxidised ami 
imparts to the soliiljon the ])ink colour of jier- 
raanganie acid ((/'rum). 

Minute quantities in soils, minerals, vegc* 
tables, i^’c.. may he deteetial by incinerating, 
heating tiu; ash with nitric aeul, evajumiting to 
dryness, taking up with water and adding to 
the filtrate some 40 p.c ammonium persulphate 
and a drop of a 2 p c. solution of c(tbalt mfriite, 
when a pink colour is developed on boiling. 

Tetra])h('iiyl(liamino(li|)henylmetli'..n(‘ is stated 
to be a very ih'licati' test for manganese (m 
the absence of cojtjier) Tin* suhstaiu'c fo be 
tested IS Avarmed Avith sodium hydroxide, 
incineraO'd and t lu' aslu s moi.stened with acetic 
acid. On warming with l,h<‘ reagent a blue 
colour is developi'd. 'I’he same colour is also 
produced with lead. 

Manganese may Ix' detected in N/I0(K)0 
solution of niangarmus salts by the red colour 
produced by tin' addition of a few drops of a 
N/10 .solution of potassium peiiodafe (Ihmedict, 
Aiiier. (diem. .) ‘11, IlSl). 

It may also b(' detect's! and estimatcsl by 
adding to 5 c f\ of the .solution, S c e. of glycerol, 
and 1 c.c. of a r»0 ]).c. solutioii of sodium hydrox- 
ide, and then drawing a eurrmit. of air thiough 
the li()uid. A fine ruby coloui is di'vclopial, the 
inteiisitj’’ of which is jiroportional to the 
mangani'se ])resent, so that the test may be 
iiHcd for colnrimetric estimation (Tarugi, (fazz. 
chirn. ital, .‘{(5, 

Whim niangancsi' is ])re,sent in its usual 
form, as a proto.salt, siiljihuretfed hydrogen 
])roduccs a llcsb-coloured jireeipitate from alka- 
line, but not from acid or neutral solutions. 
If ammonium hydrogen sul])hide is added to 
a solution made alkaline with ammonia green 
jnangane.se .sulphide is precipitated. If the 
precijiitation take.s jdace at a tleii.se green 
.sulphide is obtained, wliieli can bo easily eol- 
loeted and washed. For eondit urns of its forma- 
tion, .src Fischer, *4'. Kuss. Fhys ('hem. Soe. 1014, 
4rt, 1481. 

J’ota.ssinm and sodium hydroxide, s ]>reeipi- 
tate white hydrattsi manganons oxide Avhicli 
rapidly |iocomes broAvn from absoiqitioii of oxy- 
gen. Anlmonia produces the .same jireeipitate, 
which is soluble in exeisss, espetually iii preserce 
of ammonium chloride, but shnvly foims a pre- 
cipitate of the Iwown oxide. 

Where tlu' niangane.si* exi.sts a.s the acid 
oxide, as in manganates and permanganate.s, the 
reactions arc different. Alkaline manganates I 
produce green scAutions whieli slowly become 
red on exposure to air, more ra])idly on addition 
of an acid, from production of the permanganate. 
Both these compounds are rapidly reduced and 
rendered colourless by the addition of sulphiv'ous 
acid, ferrous salts, or other reducing agent. 
The manganese then e\i.st.s as a ba.se and shows 
the usual reactions. All manganates and per- 
manganatefe oxidise hydrochloric acid, especially 
wdien heated, with ( volution of chlorine. 


Manganese is usually precipi- 
tated as carbonate. To the nearly boiling .solu- 
tion, sodium carbonate is added drop by drop, 
until jireeipitation is complete, and the solution 
boiled for a few' minutes and the precqiitate 
allowed to subside. It iHwa.shed by decantation 
three t, lines and linally well washed on the filter. 
'■J’lie dried precipitate is strongly ignited in a 
I pkitmniu crucible and Aveigliod as Mri jO^, which 
I contains 72'Or) p.c. of manganc,s('. The ignited 
i mass should show no alkaline rea('.(ion with test 
I ]iiiper. The jireeijiitate of carbonate may also 
; be converted into, and weighed as, suljiliate. 
j A very delicate method of estimating small 
! quantities of mangani'Sf', as in limestones, &e., 
i ha.s lu'cn devi.sed l)y Chatard. 4’he jiroeess, as 
} modilied by Thorpe and llambly (('hem. Hoe. 
/Trails. I8S8, IH2), is as toiiows : The .solution 
I sjionld be fri'c from (dilorides, should contain 
I b(‘tAA'e(‘n ()'(M)4 and 04K)8 gram of mangunesi', 
j and should occupy about 25 c.c. 'J’o it is 
add(‘d 5 ec coneentrateil nitric acid, 2 or 
j 3 grams of hsul ])cro\i(lc, and 10-20 c.c. 
dilute sulphuric aeul (I acid to 2 Avatcr), and 
the .solution gmitly boiksl for 4 niiniites. The 
side's of the ilask are washed dow'ii to di'strov 
any organic matter, and the liquid boiled for 
I half a minute longei The lead .sul])ha1e and 
exee.ss of lead peroxide are allew'ed to sidtle 
I and th(‘ solution is at once liltered (with tlu* 
j aid of a lilter ]Mim]) il j)ossibJe) ttirongh a, 

I ])lng of asbestos leeeiit.ly ignited and washtsl with 
dilute sul[)hnrie acid. The iiltrale is lieated 
to 00' and titrati'd with a weak solution of 
ammonium oxalate, fri'.shly standardisi'd by a 
' standard solution ol permanganate'. It may 
also be titrate'd il de'.siied w'lth .sodium arsemite', 

1 or hydrogen peretxiele. 

1 4'lie sejiaration fioni other metals is noti 
I ebniciilt. From the alkaliiu'l earl lis it may he' 

' .separated by addition of hydrated ammonium 
; .sul|,hi(l(' to the nearly ni'iilral solution; the 
; suliihide HO jirecipitated is washed well, redis- 
j solved in hydrochloric acid, and precijatate'd 
a.s above Avitli .sodium caibunate. 

From iron, chromium, nraninm, and alu- 
minium, it may be sejiaratcd by digesting the 
dilute .solution with freshly pre'cqiitatcd barium 
carbonate. 4’hc.s(' t'letals are thus^depe.sited a.s 
hydroxide^s. The barium i.s /ed from the 
solution by the addition of suljdinrie acid, and 
j tlm^ manganese precipitateal as usual. 

When inangane.seA oeenrs together with a 
! large proportion of iron, a.s in iron ores, iron, 

! steel, <S:e., the following separation is useful, 
j The nearly boiling .solution of the substance 
j ill hydrochloric acid or aqua regio, w’^hich 
I must be absolutely free from orcanic matter, 
I is treated wdth ammonia, with constant stirring, 
I until it beconioi much darkened; weaker am- 
' iiiomaeis then cantiemsly added until the liquid 
ha.s become of a mahogany colour, but still 
without any permanent precipitate. A hot solu- 
tion of ammonium acetate is then added. The 
precipitate of basic feme acetate should be 
brick-red ; if it be dark red, more ammonium 
acetate must be added. The solution i.s boiled 
for a few mmiites only, and the granular preci- 
pitate filtered through a large lilter paper. The 
filter with the precipitate is replaced in the 
beaker which still contains the remaining por- 
tions of the precipitate and is redissolved in 
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hydrocliliu'ic aoid, iv|)i’eci})itaicd aa before and 
liltered into the beaker eoiitaining the first fil- 
trate. In this way the .small portion of man- 
ganeso contained in the fir.st iron precipitate is 
sejjarated. A portion of tin' second feme ace- 
tate precipitate shoiikl, in iinpoitant eases, be 
boiled with lead peroxide and nitric acid, when, 
if a trace of inan;j;anese ho ])re8ent, the liquid 
will ac(|nire a pink colour. 

The lupiid containing' the inanuanese may he 
concentrated hy <‘va])oration, filtered if neces- 
sary, and cooled. SuilicK'nt bromine is added, 
with fre([uent shakinc:, to render it brown, and 
the whole rendered alkaliiK' In ammonia. 'l’h(‘ 
mang;anese is thus firi'cipitated as hlack hydratial 
peroxide. 

Tin* liquid IS heated to boiliny, tilteri'd, and ' 
the pre(i])italc uaslicd and i^mted as usual to 
.Mil., (>4. If a trace of organic matter he pie.sent 

in the solution, a ])ortion of the iron will not he 
precipitated ns acetate and will comi' down w'lTh 
the manjrauesi'. If this is the ease the ij'iiiled 
o\id(' IS redi.ssohed and the non precipitated as 
aci'late. ij'iiitcd, and wc'U'hed as l''e_.<fT and its 
wi'ielit d('ducted tiom tlial oi the man^ane.se 
o.\id(' ohfauied In oies Lontainiii}' lime a 
second pn'cipitsf ion o| the UMiieanesc is neces 
sary and wlnui' piesenf cobalt and barium aie 
usiialh carried down in small amounts and 
shouhl he looked for afti'r w'd^hinj' the pre- 
ei[)itate 

A eonveiiu'nt method for tlu' \olumettie 
determination of manganese in oies or alloys | 
is due to Volhard, many modilieations of 
which have hi'cn descrilxal. 'riu' nudbod is 
based on the fact that uiangaticse .salts in the 
jiresence of zinc oxide ari' <iijantitatively oxidi.si'd 
to zinc manganiti* by means of potassium |)<‘r- 
manganate (IbMid ld .M 11.07 bMnO ,). The 
inodiiieation of Fischer (Zeit.sch. anal. ('hem. 

4S, Tf)! ; I/, ('alien & luttle, Analy.st, 
1011, 3f), .02) IS as loilows. One gram of the 
ore or alloy is dissolved 111 (tqna rr<jui, and fhe 
solution evaporated nearly to (liyness wuth excess 
of hydrochloric, acid. 'J’he lesidue is di.ssolved in 
300 e c of water, mixed with a suilicumcy of an 
emulsion of zinc oxide and made up to 1 litre. 
100 e.c. of the clear .solution are dilub'd to 
.'lOO c.c. and heated to boding after adding 10 
grins, bf zinc sulphate, ^hie gram of freshly 
Ignited ziiK^* ide is added, and the lu|uid 
titrated with N/IO permanganate, boding and 
shaking frequently until the supernatant linuid 
IS red ; 1 (• c. of pure glacial acetic aeid i.s then 
added, wher <he red colour disa])])ears, and the 
titration is .slowdy finished with piuriiangamitc 
in the hot bid not boiling liquid. 

The vaUu; of pyrolusite in generating 
ehlorinc is related to its content of available 
oxygen, and this may readi^ be asi ertained as 
follow's : The well-nii.xed sample is ground so as 
to pa,s,s through a 2()0-nie.sh sieve, and dried at 
I Ob'" to constant xveight. 0-5 gram heated with 
50 e.c, of standard ferious sulfihutc .solution 
(00 grams in 200 c.c. sulphuric acid of sp.gr 1 84, 
and 900 c.c. of water) until dis.solved, the solution 
diluted to about 150 c c. and the excess of ferrous 
iron titrated with standard peimangannte 
solution. 

Solutions of manganous sulphate are com- 
pletely precipitated as manganese dioxide, which 
may be subsequently estimated, when boiled 


with excess of ammonium peisiilpbate. Sodium 
bisniuthaic in cold nitric acid solution oxidises 
manganous salts to iicrnianganate, which may 
then bo titrated (c. Ajs'alysis). 

AUoys.— lion alloys with manganese in all 
proportions (sec Iron). • 

Copper and manganese yield a continuous 
freezing-])oint curve with a minimum of 800° 
at 05 p.c. copper. ’^I'he form of the curve and 
the mieroscopie I'xamiiiation of the alloys iiidi- 
I cate that a continuous .senes of mixed crystals 
' exists, and that no compounds are formed. 
Tfie alloy.s arc only homogeneous if heated 
for some ♦jtiie hclow the melting-point. In 
a[)[»earan(e the alloys resenihlo bronzes, and 
arc generally hard and malleable. •A bronze- 
known as ‘ nianganes(‘ bronze ’—is made by 
adiling a copper mnimancsc alloy to the molten 
bronze and usually contains from 1 to 4 p.c. 
manganese# and from KO to 90 ji.e. cojipcr. It 
form.-; a useful, workabh' alloy, jiosscssing very 
gri'at teiiaeil V, and is used for stay bolts on some 
of the (.'nntineidul railways. Alloys resembling 
(human .siher aro also obtained from copper, 
zinc, and inangancsc. 

Jlrunek ilc, scribes an alloy with aluminium 
ol coinpoHitmn Mn_,Al7, Avinrh foiins in white 
erystaks soluble in hydrochlori(‘ acid (Her. 25, 
777). According to llindrieks (Zcitsch. anorg. 
Cluun. 59, 414) twn com pound, s exist, Mii^Al and 
MnAI,{, both of winch form mixed crystals. 
Alloys containing betwa’cn 57 and 8() p.c. 
almninium separate into two liquid layers. 

Alloys with Boron may be produced in the 
elei'tnc tnrnaee and exhibit magnetic pnqjcrtu’S 
! du(‘ to the conijHUind MnH. A second compound 
' l\lnH2 l>J<»bably (>xisls, but is not magnetic 
' (.las.soncix, Conqit. rend, 142, llk'Ki). 

! Antimonides may he ])rotlueed by the 
i‘ thermit’ method By rcmo\al of excess of 
1 mangane.se by means of dilute acid and of a^iti- 
j niony by chlorine, alloys regarded as MnSb and 
. MnSho have heen obtained. Both are mugnetiu 
, (Weilokind, Zeitseh, jiliysikal. (Ihem. <i(), 014). 
i With Tungsten alloys eontnining from 12 to 
09 ji.c. iungstmi have been obtained by tlic 
1 ‘ thermit ’ method as hard, brittle, steel-grey 
! ingots, from whidi dilute acids dissolve the 
' manganese. 

By the same method hard brittle lioino- 
: geneouH alloys containing from 12 to 29’0 p.c. 

; molybdenum are obtained (Ikrnvaut, Compt. 

I rend. 143, 4r)4, 94). ^ 

! Nickel and manganese give a coatniuous 
i freezing-jioint curve wuth a minimum of 1030'’ 
at 50 p.c. manganese. 'I’he addition of man- 
I ganese decreases the magnetic suseej[€ibility of 
nickel. 

1 Mangaiie.se and cobalt form a continuous 
j senes of solid solutions, the treezing-jioint curvo 
pa.ssmg through a flat minirnurirat about 30 p.c. 

I cobalt, and 1150’. The crystals obtained are 
not homogeneous, but lie, come more nearly so 
aficr uuiiealmg in miigiicHia at i()()0'" for five 
j hours. 

I Mangaue.M' and zinc, Recording to Parravano 
(Gazz. ehiui. ital. 45, 1, 1), form two alloys 
Miviu7 and MiiZn^ wJiich aie hard and brittle. 

' With silver between 30 and 90 p.c. manga* 

' nose, two liquids are formed, and no solid smu- 
turns (Hmdricks). 

With tin compounds SnMna and SnMn are 
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indicated bv potential measurements. Alloys | 
with below 4o atomic p.c. Mn are white and soft, 
above they become hard and brittle (Puschin, J. 
Ku 88. Phys. Ohem. Soc. 38, 8d9h 

Sllioldes are obtainable in the electric 
furnace, cnmpounds Mn^Si, Mn8i, and MnSijj 
having been described. Of these the first 
forms lustrous prisms, which scratch glass, and 
the second can scratch tojiaz ; the sp.grs. are 
6*4, 5*9, and 5-2. 'Die existence of these 
eompounds is also indicated by the MnSi 
freezing-point curve (J)oermckel, Zeitsch. anorg. 
Chom. 50, 117). Gin describes also a coni])ound 
Mn^Sia (Gompt. rend. M3, 1229). 

Phosphides are obtained b\ healing manga- 
nous chloriTic and pho.sphorus m a current ol 
hydrogen ( Vmipoiinds Mn^^Pj and IMn^IG are 
described, both of them magmdic. 'Fhe lattei 
is probably, however, an enteelic mixture 
(Schomsehusclizy and Rlremolf, yupro. 

Hilbert and Diockmann (Her. 4-1, 2831) have 
prepared the i)hosphide I\Inl* as a black ])ow(ler. 
On heating it loses its magnetic pr()[icrties at 
18“ and regains them on cooling at 20“. 

Manganese arsenides. Arsenic eomhnies 
with manganese at 209“ with ineandescem e. 
'I’he arsenide MiuAs (stable at hmli tem]»eiatnre) 
is grey and non-rnagnetio. At 700' -800“ in a 
current of hydrogen the arsenide obtained has 
the composition Mn ,As2 and is highly m.ignolie. 
’Flic highest arsenide MnAs is stable only between 
400“ and 450“, and may alsi* be obtained by the 
action of arsenic ehloridi' on manganese, com- 
bination taking ])lace with iiicnnd('seeiu c at 
500“. It IS highly magnetic (Arrnant, 7th 
Inter, (iongr. A]»p. ('hem ) Hilbert and 
Dieekmann (Bi'r. 11, 2378) lind that the. best 
way of ])reparnig puri' arsenides is to iieat the 
finely powderi'd metal with the vuponi i4 
arsenic under prossuie. 4’h(‘ mateiials aic 
intfoduced into a bomb-tube of .bma ulass and 
heated for several hours at 700 -7.50'. MnA.s 
could only be obtained jmre hv using manganese 
prepared from the amalgam. It i.s a greyish- 
black powder J) 0'2. 'J’he Ircczing-^fiunt curve 
of a manganese arsenide and manganese indicate 
the existence of three arsenides, Mn._,As, MnAs, 
M1I3AH2 (Metallurgie, 8, 739). MnAs loses its 
inagnetie projierties on heating at 10' and regains 
them on cooling at 45“. 

Manganese carbides, 'rnmanganese carbide 
was prepared by*4’roost and Hautefeuille and 
ro-examined by Moissan, who obtained it by 
heating a mixture of trimanganesc tetroxide 
with one quarter its weigh e of sugar carbon, in a 
carbon tube closed at one end, 111 an clectrie 
fumaco with a current of 350 am])eie.s and 50 
volts. 'Fhe reaction is conijikti- in a few 
minutes; sp.gr. at 17" t)’89. Mn.^-f ('(diamond) 
-:.:=Mn3G develops -flO-4 cal. MiiaG-fSt^ 
~Mn304-|-(H)2 develo])s 4 4I2’4 cal. (Le 
Chatelier). Water decompo.ses MiiaC with 
evolution of methane and hydrogen 111 equal 
volumes ; dilute acids attack it witli formation 
of liquid hydi'ocarboiis. Kiifi and Hormaii 
(Zeitsch. anorg. Ghen^ 1914, 88, 305) have 
inveetigated the .solubility of carbon in man- 
ganese in the carbon-resistance vacuum lunijec, 
using a thermo-couple or AVanner pyromet-er foi 
measuring the temperatures. 'Fhe. solubility 
increases from 1360® to 1525®, the b.ji. of the 
solution under 30 mm. pressure. At the 


latter temperature manganese saturated with 
carbon contains 7 ’12 p.c., and the vapour 
1-94 p.c., carbon. Pure manganese boils at 
1610®. The whole of the carbon in rapidly 
cook'd alloys is in the combined state. The 
residue, after distilling the manganese, contains 
graphite. A carbide richer in carbon than 
MngG IS indicated. Kulf and Gersten also 
prepared the trimangaiio carbide in a similar 
furnace by heating a mixture of iiiangancse 
and carhon at l(i00“ for 20 minutes under 
20 mm. pressure, 'Fhe manganese used was 
prepared by the iherinit process, and had the 
compo.sition Mn 98*68, Fe 0*43, A1 0*55, Insoluble 
0*25, m.j). 1239“ 1242". 'Fhe regulus obtained 
contained nests of crystals which, after separating 
admixed rarbon by acetylene tetrabromide, were 
found to have the composition eorresjiondiiig 
to Mnj{5 Molecular lieat of formation from 
manganese and giapiiite ]2*9±2*14 cal. 
(to Ghatohor, value 9*34 cal.) (Her. 46, 400). 
Ihjtli carbides of iron and manganese are soft, 
so that the hardness of alloys eaiinot bo due to 
their existence as such, but is jirobably due to 
their solid solutioriH. When hnely ])owdercd 
manganese is ticatcd with methane or with a 
mixture of methane and hydrogen at 600"- 900®, 
CHI hides are formed. In jniie methane, carbides 
containing over 20 ]).c carbon an*, obtained. 
When carbides containing 8 ]).c. or less of 
eai bon .ire treat e<l with dilute acids, nearly all the 
carbon is evolved as methane, very little ctiiyicne 
and no acetylene being lornied ; with more 
than 8 ]>,<•.. (uirbon fatty snhstanees and sjiongy 
carbon is jiiodueed. Manganese carbides. there- 
loie arc not simple deriv.ativT'S ol hydrocarbons 
like tho.se of calcium and aluminium (Her. 1913, 
46, 3429). 

Manganese oxides. 'J’he com])onnds of man- 
ganese with oxygen aie numerous. 'Flu* lower 
or manganous oxide Mn(t is powerfully 
basic; the aequioxide Mij.4),i is less basic, the 
tetrpxidc M1I3CG and the dioxide MnO.^ are prac- 
tically neutral ; the dioxide oeeasionally reacts 
as a basic oxide, but at other times as an acidic 
oxide forming matiquibitctf of the type MjMnOa, 
i.€. it belongs to the class of amphoteric oxides. 
'Fhe higher oxides, liowi vcr, MnO., and MiuO,, 
have decided acid-lorming jiruperties and 
produce well-markc(i series of salts.^ *• 

Manganous oxide Mn() is pvM»piired by igni- 
tion of any other manganese oxide, or of the 
carbonate, in a current of hydrogen. Jt is of 
an olive-green colour and absorbs oxygen from 
theair witlilormalionof a brown oxide. Heated 
in sulphur dioxide it is ultimately converted 
into mang.uiou.s sulphate. Jn solution in acids 
it forms manganous salts. 

Manganese sesquioxide MdjGj occurs in 
nature as hmwtnU ih brownish-black, anhydrous, 
acute octahodi’Er frequently containing silica. 
In the Hydrated form it occurs as Tna7ig(imte in 
brilliant, black or steel-grey, rhombic prisms. 

It may be jirepared hydrated, by passing 
chlorine, not to saturation, through water in 
whicli manganous carbonate is suspended, and 
removing the excess of carbonate by dilute 
nitric acid. Jt is slowly acted on by dilute 
acids yielding either manganic salts of tervalent 
manganese, isomorphous with the salts of 
aluminium and ferric iron, or a mixture of 
manganous salts and manganese dioxide. The 
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colour of the amethyst is attributed to the 
presence of this oxide. 

Manganese tetroxlde. Hed oxide of man- 
ganese M3O4 occurs as hausmannitc in brownish- 
black octahedra, and in massive forms. It is 
produced by heating any oxhle of manganese in 
the air. By the action of acids it yields a mix- 
ture of manganous and manganic salts or a 
manganous salt and manganese dioxide. It was 
formerly used as a pigment under tlie name of 
tnnngnneftf> hroirn. 

Manganese dioxide. Peroxide or black 
oxide of manganese, fre(j[uently known as ‘ man- 
ganese,’ MnOg. 

J’his imjiortant oxide occurs as }>i/roJii.'utr 111 
very pure iron-bliu'k or stccl-groy, n*clangular 
rhombic prisms of sji.gr. and frc(|ueiitly 

massive or remform, in ladirtting libnuis 
masses, usually bntlk'. its hardness varies 
within wide linuls, and it si'ldom occuis puy, 
but usually associated with otlua- maiigancsc 
ores. 

A hydrated variety oieiirs largely ii>. 
lane 111 amorplious, massive, stalaetitie, and fn*- 
quently 111 botryoulal mas.ses, but lawer in 
crystals. Its eomjioHition is xeiy \aiiable. It is 
usually found m llii' same loi.ibtu's as pyio- 
lusite, frequently m alternati' layers w'db i bat 
mineral. VnriHCilr and m irLat life are also li} • 
drated varieties of iiyrolusiti'. 

Wad IS an imjx rtant t'ariliy variety juo- 
diieed by tlie decomposition of otbi'i- manganese 
niiJicrals It occiits, generally, in low-]\iiig 
districts, in amoi'jilioiis, earthy, dull black or 
brownish pieces t)f very vaiiabk' eomjiosiiion 
and hardness. It frequently ( oiitains oxiih' of 
cobalt ; one variety known as a'^bolanr or iarflnf 
cobalt sometinii'.s contains as niueh as 112 ji.e. 
of cobalt. Another variety, laaipathlr-, contains 
18 jj.c of cojipor (ixide. Tn addition to its I'm- 
jiloyment as a ehtoririe jiroducer, wad is useil us 
an ‘ umbor ’ jiaiiit. 

Of these oxides pyroliisitc is the jmresi and 
contains the highest ]u*r<;entage of oxygen ; it 
has therefore tlie greatest eoinnuTcial value. 
At a red heat it evolves one-third of its oxygen, 
leav ing the red tetroxide. 

When heated with concentrated suljihurie 
acid, it dissolves with formation of manganous 
suljihafe and evolution of^half its oxygen. If ; 
organic matte* present the oxygen deemii- ! 
poses it with evolution of carbon dioxide. 

Its action on hydroehloiie acid is of j^-eat 
importance. The hydrogen of this ackl is oxi- 
dised, a poitiori of the chlorine thus libiTated 
combines with the manganese, while the re- 
mainder IS Set free ; 

Mn02+4HCl-]\1n{d, {-211,0 1 Oh, 

On this account it is very fkrgely used for the 
produetiou of chlorine and of Bleaching powder 
(r/.y;.). ^ • 

Nitric acid has but .slight action upon it. 
When finely divided, suljihur dioxide, at a low 
red heat, ultimately converts it into manganous 
sulphaU*. Pyrolusite is a good conductor of 
electricity and is strongly electronegative ; it is 
used as the depolariser iii the J^cluneho battery. 
In the electric furnace it melts and evolves oxygen 
forming the monoxide. It is used in con- 
junction with other oxides for producing I 
warmer shades in coloured glass and to destroy : 


1 the injurious tint produced in colourless glafltt 
I and white enamels by the presence of ferrous 
I compounds. The oxygen converts the greenish 
; salt into the nearly colourless ferric salt, whilst 
the slight pink tint imparted by the manganese 
I still further counteracts the bluish# colour. It 
1 seems jirobable that the effect is due principally 
to the latter cause, as red lead and other oxidising 
agents have not this decolorising power. 

Pyrolu.site is also used in the preparation of 
dark violet, black, and metalhc-Iike enamels for 
})ott(‘rv and enamel iron ware. It is also added 
to eheajien blue enamel by intensifying the 
colour ot colmit, to which, howcver.it imjmrts a 
violet tint It has been list'd as a jiigment under 
th<‘ name of maiajanrsc black. It^ used as a 
(Incr for oils, i.c. a. substance added to confer 
dr^diig jirojierties to the oils. It is one of the 
most pow't'rful driers known, and is added in 
tlie pnqiowlaoii of about I lb. to 1 (iwt. of oil. 
The ‘taclvme.sH’ of rubber is augmented by 
.small quantities of manganese oxide. 

iMangancse tlioxide may be jirtqiared arti- 
heiallv by nuideratcly igniting the nitrate, 
boiling till' icsiduc with nitric acid, washing 
and gently lu'uting (licrtlncr). The liydratcd 
oxiilc has been used for the removal of iron 
from aluminium suljiluilt'. 

Accortliug to Fremy (Coiiijit. rend. 82, 1231) 
it forms a definite sulpliaic on solution in 
sul|)}iuric acid, and a solution containing this 
under the immc of manganese jieroxide suljiliatc, 
ju'udmed by Ibc electrolysis of a suljihuric acid 
solution of mangniiouK siiljiliate is used as a mild 
oxidiser in aniline dye nuinufaeture. JJoublc 
salts eoiitainmg Mnt'l, also exist, 

t'olloidal manganese dioxide may be ob- 
tained by the action ol jiotassiura permanganate 
on a solution of dextrose, luiv ulose or galactose 
in dilute solution of alkali hydroxide: it first 
liassoH into a viscous or g('! stage, and subsc- 
quently into a limpid, colloidal solution. The 
<‘olfi)id is best formed at low temperatures, and 
the concentrated colloid is readily coagulated on 
wuiming *(Witzemaiin, J. Amer. Chera. 80c. 
lOlb, .‘17, 1079; cf. Brcdig and Marck, (Ihem. 
Zentr. 1911, J, 1190). A convenient method of 
jirejiaring it consists in adding strong ammonia 
solution at the rate of one droji every 3 minutes 
to a boiling ISl/20 solution of potassium per- 
manganate until it has become deep coneo- 
eoloured and has lost tb(' clMracteristic colour 
of jiermanganate (Puy, d. Phys. Chein. 1921, ^ 
25, 415). Phionic manganese poisoning has 
bei'ii observed to occur in workers handling or 
grinding maiiganese dioxide, or workii^ in dust 
containing manganese as oxides m silicates 
(Phoni. Abstr. Aiiicr. Phein. Soc. 1919, 13, 
3243). 

Manganese trioxide, b'ran^e (J. pr. chem. 

; 1887, 14) has described a trioxide M11O3; its 
existi'iice has been coiilirmed by Thorpe and 
Hambly (Phem Soc, Trans. 1888, 177). This 
oxide ajqicars to form a suljihate (Mn0a)3H04 
Manganese heptoxide Mn./l, is a highly 
hygroscopic, iiun-volatilg, reddish-brown liquid, 
which gradually decom pi ses on exposure to 
thsi air. it.s composition was determined by . 
Aschoff (Pogg. Ann. 3, 217), These two oxides 
are of interest, as they form the acid radicles 
of manganates and permanganates ; thus, 
MnOg'K.p, Mn^O^-KjO. 
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Salts of Manganesk. 

Of the salts corrospoiulinj^ to these various ' 
oxides, only two scries are of jmtetical import- 
ance, manganous salts, corresponding to the 
monoxide, 'and manganates and permanganates, 
in which manganese acts as an acid eorresjiond- 
ing to the tri- and hopt-oxides. 

Manganous chloride Mn(’L. is pHulueed by 
the action of cdilonru' gas on inelallie manganese, 
oi of hydrochloric amd gas on the lu'aled car- 
bonate. Jn solution, it is obtained by dissolMug 
the oxide or carbonate m Jiydrochlorie acid. 

On the large scale it is usually inodii'-ed fioiii 
the rcHidiml solutions from the chlorine manu- 
factures. This IS first e\a]K)rafed to rem(»\(‘ 
excess of hydrochlonc acid, and one-fourth (*f 
the solution is remo\'ed and jirecijutaled hy 
sodium carbonate. 'ITk' preeijulate, which con- 
tains manganous carbonate and ferlic Jiydrate, 
is waslu'd and boiled with tin' remaindei of the 
solution. 'I'he iron in solid nm is thus ]M'‘(‘ipj- 
tated as hydrate, being replaced by an equivalent 
quantity of manganese from the eailxuiate. 
Copper, if piesent, js pre< ipdat(‘d by tin' addition 
of Kulfihuretted hydrogen. lea\ing in solution 
nuingain'se, and usually calcium and olln'r alloi- 
liqe earthy metals. Cobalt and nickel may be 
remo\ed hy the addition of frc'shly ])tceipitated 
manganous sulphide, as long as it becomes 
darkened ; those metals ati' tlu'ii jireeipitated as 
suljihides. 

'ITic manganesi' is jirei qutati'd by means of 
ammonium sul[»hule, washeil, dissolvi'd in by- 
droehlonc acid, cvajior.ited, and erNstullised. 

It may be obt.iiin'd ])ure by eva]»oraling the 
crude solution of the ori' in mid to drvness, 
igniting gently in a erueibh'. ('xluiustmg the 
residue with vvab'r, eoucenirat mg and crystal- 
lising. It forms pink d('li(|uescent I'lystals. 
containing 4 nioleeules of vvulei, soliihk' in two- 
thirds their weight of waU'r at dO"', soluhh' in 
alcohol. 

In commerce it usually occurs as lose-red, 
very deliquescent mass, obtained by e\,i]»orating 
the solution to dryness. It is used tor dyeing 
cotton rnanganese-htown or -hronzi'. 'khe fabiie. 
is Hoaki'd 111 a solution of the salt and then 
passed through a caustie alkali, whi'reby manga- 
nous hydroxide is juvei pita ted m the libre and 
by sub-sequont atrnosjilierie oxidation la'i-omes 
brown. 1'he material thus treateil may also 
he used for the subsequent dyeing uy aniline 
black. The jiresenee of ovi'r J p.e. calcium 
chloride in the salt render.s it juaetieally useless 
for calicojirintiiig and dyeing. 

Mang^OUS sulphate MnSO,, may he jnepared 
by dissolving the carbonate or oxide in snlphune 
acid. On the large scale it is usuallv obtained 
from the black (^ide. 'ITiis is heated w ith ahout 
ono-tenth part of ])owdered coal, and is thus 
reduced to the monoxide. 'ITie mass is dissolved 
in sulpliuric acid, evai»orated. gi'utly heated to 
decompose the ferrous .suljihate, and the man- 
ganous sulphate dissolved out by wati'r. By 
another jiroeess the i:^roxide is first digested 
with dilute sulphuric acid to remuve eaibonatcs, 
and made into a jiastc with strong siiljiliftric 
acid, heated until the ('volution of oxygen has 
('eased, and then to strong redness, cooled, di- 
gested in water, niid the solution evaporated and 
crystallised. If iron bo still present, it may be 


removed as in the case of the chloride by boiling 
with manganous carbonate. Manganous sul- 
phate forms pink crystals with 7 mols of water 
very solubR' iii water, insulubk' in o,bsolute 
alcohol It is used in calico-printing. It is 
also used as a drier tor ])ale oils or for conversion 
into the oxalate or borate which arc also used 
for the same purpose, kor other hydrates sea 
Eorcrand, Compt. rend 1914, 158, 1700; ^htd. 
159, 12. All manganous salts arc strong 

reducing agents. 

Manganese borate, used as a diicr, is ajsalt of 
a faint pink colour, ])rcijarcd by adding a soIutTob 
of borax to one of a manganous salt, washing and 
diving the ])owd('r so (ihtamcd. 

Manganese oxalate, also used as a drier, is 
prepared hy ]m'cipitation of a mangam^se salt 
hy a soluble oxalati', (*r hy the action of oxalic 
acid <ui mangancs(' liydroxidc or carbonate. 
Xamfdtu.sc liHolifitr is also riscd for the same 
pur[iosc, and jircpaix'd hy add’iioti of linseed 
oil-Hoaj) to maiiganou'^ chloride 

Manganese sulphide Mn^, occurs m nature as 
(i/ohandite, an almost black ininerul (sticuk 
greeiij crystallising m the cubic system, sji.gr 4'00 
(arlificuii variety, 4 0‘5), m p. H)20 {Bold), 11 is 
]m'ripit.ifed fiom its solutions hy alt aline 
sulphides 111 either the rose-coloured or gieim 
foim {sec mder 1 )I':te(TIOe). Manganese sul- 
j)hid(' is ol great impoi tun cc in tlu' manufacture 
of sU'ck 'I’he addition of manganese to steel 
containing sulplun ])icvciits r('d shortness, th(' 
latter clTcet licing due to the solubility of non 
sulpliKle in li(|ni(l steel, whereas the addition of 
manganese jirecijiitates the sulphur as insoluble 
maiigaiK'. (' sulphiih' 

Potassium manganale Jv 2 Mn 04 . This eom- 
jioiind IS produced wlien ('qual weights of finely 
powderial manganese dioxide and caustic jiotash 
an* fiLsed together, a seH(]U]o,';jirlo of manganese 
being ])rodue('d at the saint time. By the 
addition of |»olassium nitrate or by p(‘rforniing 
the tgnition in a fiat vessel, a jioition of this 
oxide is re-o\idis('d, and increases the yield of 
manganate. 

It dissolve's in waiter, forming a fine green 
solution, which, on cvaqioration w vacu6, pro- 
duce's green crystals isoniorphoiis with jiotas- 
sium sulfihate and chromate. 'ITie .solution, es- 
pecially if dilute, when ex])osed to the air be- 
comes eonverti'd into the peiffl&nganate with 
precipitation ot hydrated manganese dioxide ; 
thejupiid ])asses through various shades from 
green t# pink, wdienee its name of ‘ mineral 
chameleon.’ in pre'senee of excess of alkali this 
change does not take place. On the addition of 
free' acid, espei lally sulphuric acid, the change 
IS immediate, the .ilkali and manganese, instead 
of bi'ing liheiub'fi as hydrates, being at once 
converted into sulphates, and thus losing their 
teiideney to repfoduee the manganate. Potas- 
sium nfknganute is a powerful oxidising agent. 
Its general action m this respect resembles that 
of the permanganate. 

Sodium manganate Na 2 Mn 04 is largely manu- 
factured for disinfecting imrjioses on account of 
its greater cheapness. 

Barium manganate BaMn 04 is formed by 
lieating manganc'se dioxide with barium 
hydroxide or carbonate with addition of barium 
nitrate. Is an emerald-green microcrystallinc 
powder, insoluble in water. 8p.gr. 4*85. Has 
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boon used a8 a pigment in place of the mure 
poisonous Scheelc’s Green. 

Potassium permanganate KMnO^. 'Phis salt 

may bo prepared by the addition of 10 parts 
of potasii dissolved in the minimum of water 
to a mixture of 8 parts manganese dioxide 
and 7 ])arts [lotassiuin elilorate. I’ho solution 
is evaporated to dryness, tinely ])owdered, and 
ignited at a dull red heat for about 1 hour, 
untd the eldorate has bceome deeoni posed. 'I'hc 
mass IS boded witli water, decanted, e\aporated 
japidly to a small bulk until crystals form on 
Its siirtaee, dceanteil from the jireciiutate which 
and alloAved to (Tvstalhse ; 1 part of 
liermanPuinate is produced fioin 3 parts of the 
oxide ((Jregory, .1. riiarm. ('him. 21, 312). 

It IS. liowever, usually ])re])nred hv the action 
of an acid on the manirannte. 

Accord mg to Stadeler (d. pr C'hem. ji| 103, 
107), no p.e. of the oxide may he converted iiito 
permanganate by first prejiarmg the manganate 
and eonverting i(. into (xu-manganate by the 
addition of chlorine instcail of a.eid 

2K.Mn(), ! CL 2KCI j 2Ki\lnO, 

'Die solution is e\aj)orat(‘d .uid the piuinanga- 
iiat(' crystallised, halving the potassium chloride 
111 solution. 

'ri'ssie dll iMothav and Mareehal pri'pari' it 
by addition oi magnesium .sulphate to the man- 
ganate, according to tlic cipiation 

3K .MiiO, 1 2MgS(G-f-2H.,() 

- 2 K M n ( ) , p 2K .St >4 -h H O), + M JiG„ 

It may also he juipaicd electiolytically by 
]iassmg a current through a solution of (he , 
hydroxide u.sing a ferromanganese anode (White, i 
d. I’hys. (Jliem, 10, 592; Wil.soii, llor.sch and' 
Youtz, J. Ind. Eng Chem. 1921, 13, 7(53). 

Oil the larg^i scale powderial ]»yrolusite 
(9() kilos, of .5l)*p e ore) is jilaeial m an non ' 
hasju, 5 m Jities of jiotash lye (sji gr. 1-5) are 
slowly added vvitli stirimg, and tin* luAiurt* 
IS heated till the mass is eomplidely dry. 'I'ho 
stirrmg ls stopped from time to time, and any 
large laiiip.s are broken down with a wooden 
hammer (the formation of thchc lum[)s i.s an 
indication of the fa\oural)le working ot the 
proeess), 'Phe operation needs KM) kilos, of coal, 
lasts 12-14 4^nrs, and resfits usually in the de- 
composition 0*1 'iiO-do p.e. of a natural ore, or ■ 
40-45 p.e. of ’ regenerated on* ’ {.hcc below). 
The jiroduct is ground iii a ball mill, and is4hen ' 
transferred to pressure-heaters, i.c. double , 
walled, cast -iion basins with the intersjiaee Idled 
with lead, d'lieso are heated from below to 
2f)()°-270'’ ; I hey aie jirovided with stirnsrs 
and with a emular pijie welded on to the Jid, 
through lioles iu wdneh, corr^sjiundiiig wufh holes 
in the lid, compressed air is admitted, ]>rcferahly 
heated also to 2()0"-270 *4Tiis ojieration, 
which increases the yield of maiiganule, lusts 
10-12 hours for 300 kilo.s. of substance. 'I'he 
mass is now di.s.solvcd in tlie filP-red liquors and 
wash-waters from the electrolysis and crystallisa- 
tion of a previous batch, at a temperature of 
about 40'', in a vessel provided with stirrers; 
potassium manganate and hydroxide go into 
solution, and a certain amount of manganese 
peroxide (known as ‘ regenerated ore ’) is formed. 
This is separated by sedimentation, the liquid 
drawn off through tillers, and the deposit 


' washed. 'Pho clear solution (sp.gr. about 1*4) 

' is electrolysed in cylindrical iron vessels witli 
conical bottoms fitted witli iron stopcocks, 

, nickel anodes, and iron cathodes, which ari' 
fastened by glass and cement to the hottuiii of the 
, vessel, being used. Each cell holdS 9(50 hires, 

I and is tilled to withm 20 cm. of the rim. 'Phe 
1 liquor is ]»referahly w'urmed to about 30T'., and 
a current of 30-40 amperes per sq. dern. used, 
the voltage being 2'5-2'7. The operation con- 
tinues from 10-11 hours, and the end is judgi'd 
by the red ecdour of a sam[jJ(' on a glass rod. 
'Phe whole conkuits, including any crystals, are 
ni»w' |)oured into cooling eylimlers, and cooled- - 
in wuntei by cold water, in sumnu'rg^^y water and 
lee ; the .salt is seiiarated iroin the mother 
liquor eentrifugally, and washed in the eentri- 
fug(‘. T'h(‘ salt IS then dni'd tv raevd, and 
earefiilly pas.se<l through a small haJl-mill to 
break up jxutioiis tlm1 liavi' caked in drying. 
In this way a .salt ot 99 }> e. purity is obtained. 
When the mother lu| nor (whieli goes into the 
process again) has aeeiimiilated as much as 
lO [».e. ol eaibonnte, it must be eaiistieiscd ; it 
IS eoMcentrated to sp gr 1’32, any separated 
pel manganate or manganese oeroxide removed, 
the li<iuor diluted to sp-.gr, IT, caustieiscd wiMi 
lime, ami again eoiieimtrated to syi.gr. I ’5 
(Schuiz, Zeilseh, angew', Chem. 1911, 24, 1028; 
J. Soe. Chem. Ind 1911, 30, 1157). 

According to Deselabiasae (Dingl. poly. <1. 
201, 58), the followmig methods are used for the 
pnqiaration of sodium inaiigaiiate and jX'rnuinga- 
iiaie on the large scale. ( I ) 500 yiarts of soda lye 
(45''B,) are evayiorated with 100 yiarts potassium 
eldorate niixeil with 180 parts of the lineJy 
powdered oxide, and ignited in iron yiots until 
({iiietly fused, cooled, with constant stirring, 
again heated to redness, (uioled, and extracted 
with waiter. (2) 12 fiarts of eaiistie socla,,diH- 
s( lived in 58 parts of water are heated with 12 
I jiarts pota.Mhiuiii chlorate and 18 jiarts manga- 
nese dioxide, until it begins to cruinblo; the 
heat is tlum iiu rensed to redness, and the mass, 

I alter eoomig, is extracted with 200-220 parts of 
i wa(.er, (3) 'Po a fnsmi mixture of 10 parts 
' caustic soda and 1 jiart nitre aie added 0 jiarts 
' strongly heated manganese dioxide ; the cooled 
ma.ss j.s ladled out and e.xtracted as before. 

(.'ondy's Iluid e<)nsists chiefly of a mixture of 
sodium manganate and perimyigaiiate [v. infra). 
For its preparation 30 ewt. of soda ash are con- 
verted into caustic soda by lime ; they are then 
mixed with 7 cwt. manganese dioxide, and 
ignited m a shallow vessel at a dull red heat for 
about 48 hours. 'Phe mass is treated with 
water, decanted, and Ihi' .solution evajioratcd to 
the requireil coneentraiiori. When the product 
IS requited (,o consist only of jiermanganato the 
solution is treated with sulphuric acid, and 
cvajiorated until crystals of sodium sulphate 
! separate. Sodium ])ermanganatc is, however, 

! much more dilheult to purify by crystallisation 
than the potas.sium salt (?’. Hofmann, Reports 
, on Chem. IVocea-ses at the Exhibition of 1862, 

I 109) • 

i Ihitassium jicrraanganate fofras fine* dark 
1 piA’plo jinsmatic crystals of greenish metallio 
I lustre, soluble m 19 parts of water at 15°. 
i Sp.gr. 2 7. When heated they decompose, at 
; 200 240° 

. 10KMuO4-.3K,,.MnO4+2KoMnO3+6Mn02+0Ojj 
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Heated in hydrogen they ignite and leave a 
green mass containing manganese monoxide 
and potash. 

It is a j)owerful oxidising agent; each 
molecule contains five atom.s of ‘ available ’ 
oxygen, i.ff. more than any other salt. It is 
largely used as a disinfectant. 

Wlien triturated with sulphur or phosphorus 
it detonates ; when mixed with earhonaeeoiis 
matters and many othei reducing agents, and 
heated, it burns. Mixtures containing perman- 
ganates and organu: suhstanees aie very liable 
to Hfiontaneous dei^omposition. 

'I’he crystals oxidise strong hydrodilorie aeid 
ill the cold,^itli involution of ehloriiie ; in solu- 
tion the same effeet is produeed on healing. 

A solution of the salt is rajiidly leduced hy 
sulfihurous acid, ferrous salts, and most othm- 
reducing agmits ; less rajiidly hyorgaiiie mailer. 
The solution is therefore used ns a t^st for such 
suhstanees, and to (>stimate then amount. 

Solutions of till' salt can only he liltered 
through jisheslo.s or glass wool, as they (]njelily 
destroy liltei-jni jier. 

Zine, lion, lead, meieiiry, and many olliei 
metals are oxidised more or less rapidly hy the 
solution. Pure potash has no action on jieiman- 
ganate, even when heated, but in jireseiue ol 
organic matter the pcrinangamile is rapidly 
rod need to the green manganate. 

On mixing eoiu'entratcd solutions of tins salt 
and of silver nitrate, a red crystalline jneeipitate 
of Silver Permanganate AggMiuO^ is piodiured. 
It may be used for thi' jirojiaration of other 
permanganates. On mixing with a solution of 
barium chloride, silver chloride is pieeipdated, 
and Barium Permanganate rmnams m solution, 
from winch p( n)nn)'/<nnc and may be jiioduced 
by the aDditiori of dilute siii})huric as long as a 
pre(;i[»itato falls. On evaporating the solution 
the acid is obtained as a brown, cry.stallme, very 
soluhlo mas.s, easily decomposed by heat. 

Sodium permanganate Na.jMnJ).^ resembles 
in its projierties the jiotu.ssium salt (^■. Sodram 
Miniqai>,nt( ). 

Aluminium permanganate. Omidy (Kng. 
I’at. 1884, lOOlh) patented a method of pre- 
paring this salt for disinfecting jiurjioses. It is 
said to give uji live-sevenths of its total oxygen 
to reducing agents. The alumina jiresent would 
also assist in the nreeipitation of imjiuritics in 
water, &c. To 1000 parts of a solution of alu- 
' minium sulphate, containing oue-third its weight 
of the sulphate, is added parts of jiotassnim 
permanganate, which is dissolved by the aid of 
heat. On <|ioling,potassium alum cry.stallises out, 
and the decanted solution, which contains the 
whole of the permanganate and a eon.suierable 
amount of aluminium sulphate, is ready for use.. 
MANGANESR BRONZE v. Manganese; Tin. 

MANGANESE-SPAR v. Rhodonite; Khodo- 
chrosite; and Manganese. 

MAN6ANIN r. Nii;kel. 

MANGANITE. A mangane.se -ore eoiisist mg 
of hydrated sesquioxidc MiigO^'M .0 orMnU(OlI). 
It occurs ,as well-drvelojied orthorhombie 
crystids of prismatic habit and as eolumimr 
masKes. Those possess thria* jierfect clcavagev#in 
the direction of t he length of the prism, namely, 
one parallel to the braohypinaooid and two 
parallel to the unit rliombic prism. The colour 
is dark steel -grey, with a sub-metallic lustre, and 


the streak is browmsh- black ; sp.gr. 4 ’3, hard- 
ness 4. Good crystals are found, often in associa- 
tion with barytes, at Ilmcnau in Thuringia, 
Ilfeld 111 the Harz, Cranam in Aberdeenshire, 
Bridgeville in Piciou Co,, Nova Scotia, &c. 
The mineral readily alters to pyi’olusite (MnOj), 
owing to loss of water and oxidation, the 
material becoming softer and licavier and with 
a blacker streak. Pseudoinor]»hs of pyrolusite 
after iitangamte are of coiiimuii oceiiiTcnce. 
Mangaiiite occurs together vvnth the othi'r black 
ovules of manganese (pyrolusite, jjsilomclane, 
&e.), hut as an ore of manganese it is less 
abundant than these, L. J. S» 

MANGANOSITE. Manganous oxidc', MiiO, 
eiy.stalli.M'd in (he cubic syslmn, and isomor- 
phous w'lth ]»ericlas(‘ (MgO). Small amounts of 
magnc'sia, lime, and lerrous oxide are also 
jire.sent as isomorjihous rejilaecmients. The 
.sivall grains unci octnhoilral or ihombic-dode- 
eahedral crystals have a euhic cleavage, and 
ar<‘ tran.sjiareiit vvjtli an emerald-green colour, 
blit bi'come black on exjiosiire. The material 
lias a strong scic-etive absoi [)t ion, llie speetium 
of tniii.smdled Imdit c oihsisliiig of a narrow red 
band and a lathei wider green band. The 
rciiaiiive iiidc'x loi tliesc* two colours is 2Tti and 
2 1!) ies])Cetiv('ly. Sji.gr. .''I'IS r> 3(), H. b 7. 
4ii(‘ mineral dissolves with dillieully in stiong 
mine acid to a ecdouiless solution. It has been 
lound wnlh nuiiigaiiese ori'S at Liiiigbaii in 
Sweden, with nuig.'i'tde at A’ordmaik in Svvi'den, 
and vvilli ftankhiiite and ziruiti' at bianklin in 
Nc'W dersey. To.ssibly it is ot more frecjueiit 
oeeni leiK'c in manganese oies than has hitherto 
heem ic'eogni.sed. L. J. S. 

MANGEL-WURZEL or MANGOLDS. Bda 
i'id(ians (Linn.). A plant largely grown as a farm 
crop, the root Ixung ii.sc-d ns a wintei food for 
cattle, and shecqi It is a varsity of the gardem 
l)c>et-ioot Ol of the sugar-beet.* Many varicircs 
aie known, (bneiiiig in .size, shajn', and colour. 
Avert. go composition — 

li'o- N tree ('nidi: 

Water lein h’at extract ti lire A, sii 
Large roots . 8t)T) LH 0*1 ti'7 I'O 1 ‘4 

Medium „ HS-O J ‘2 OT 8'7 01) IT 

Small . HOT) IT OT lOii 0*8 01) 

Large roots of arij variety are ipore watery, 
richer in nitrogenous suhstaitflfl^^ and crude 
fibre than small ones ; they arc not so valuable 
for feeding pui jioses nor do they keeji so w^ell. 
When first harvestiM, mangolds arc not suitable 
for food, especially lor sheep, but after keeping 
a few weeks they foim a valuable addition to 
the dry, winter lood of all farm animals. The 
beneticial effect ol storage ajijiears to be the 
conversion of nitric nitrogen into amides (Wood, 
J. K. Agric. Soc. 18^)8). 

"Jiie nitrogeiiLus conHtituent,s of mangolds 
include 'much non-juoteid material, in which 
botanic, as])aragme, glutamine, nitric acid, and 
amrnoma arc the most important. Of the total 
nitrogen in the root, about 48 ji.c. exists as true 
jiroteid, from 1 to 6 p.c. as betaine, about 4 p.c. 
as amnmuia, and from 10 to 16 p.c. as nitric 
acid ; the proiiortions, however, are subject to 
great variations. 

The mtrogen-free extract consists largely of 
sugar, but there are also present oxalic acid, 
citric acid, pectins, and pentosans. 
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As an example of a more detailed analysis 
of mangolds the results obtained by Pitsch 
(Landw. Versuohs-Stat. 1892, 21, 471) in an 
analysis of the dry matter ol ‘ Golden Tankard ’ 
mangolds (the roots contained 86*82 p.c. water) 
may bo quoted — 

Pro- Pure Nitric Other N-freeCiude 

tein proteld acid Fat Sugar substances fibre Ash 

8-76 4-06 0-31 6*58 60*17 1(>*98 6*33 7*36 

Tlie ash of mangolds, according to Kojiig, 
contains — 

Per cent of _ O ^ rT -o 
ash in dry O, ^ O O „ ^ ^ 

matter W o Pm Ph vj o 

6*14 r)3 () 15*4 4*1 4*5 0*8 8*4 3*1 2*3 S*4 

The leaves are sometimes used as food for 
eai-tlo, but arc very watery and contain oxalic 
ueid (3 or 4 ji.c. ^ot tlu; dry mattm-). 
sometimes produce jioisonous synqitum.s if used 
111 large quantities. The addilam of about 
1 part of iinely divided ealemm carbonate to 
1000 jiarts ot Ic'aves is found to (irevent llie 
])oisonous action ol tiu' oxalic acid. K<‘llner 
gives as till' <iverag(^ composition ot llu* leaves — 

Water Protein I'ut \-lree extract ('hkIcIIIho Ash 
80*0 2 4 0*1 4*6 l-t) 2 0 

Mangold si'cds Iiave Ihsmi ('xaimiH'd by 
Gevarda (Landw. A'msueiis-Slat. 1897, 19, 23}>). 
They consisted of I 1 55 p.e. ol water and 
88 i"' ]j.e. ot dry matter. 4'lie dry matter 
contaiiK'd — 

Protein I5it N -free extract ('iiideHtire Ash 
12*84 ()*0S 38-41 34 01 8 38 

The ash consisted of — 

K,,() NagO (‘aO Al-iO le/l;, P.5O- SOj siO. Cl 
22“*(» 8 0 16*] 5I*(» ]‘*0' 10 0 5-0 24*6“ 2*3 

Mangolds require a dec-j), soTiK-what loamy 
soil, and, wiili ahundant iiitTogeiious mamft'ing, 
yield very lieavy erojis. Tiny liavi- a longer 
period of growth than tiiriujis, and arc less 
dcpendi at U})un phosphatie manuring. 4’liey i 
are one of tlie few crops w'Jiu’h are beiu-tited hy 
ap[)lieation8 of common salt to the soil ami, 
perhaps reason, grow wn-ll on land near 

the coasts. ^ • II. T. 

MANGO. fruit of Mdjupjera iudna 

(Linn.), a tree of tlie ICast Judies, now* grow'ii 
in other trojncal countries. It is eaten raw or 
used for the jireparation of pickles and 
chutnoys. 

Prinsen-t 'eerligs (('hem. Zeit, 1897, 21, 719) 
gives tlie following data : — 

Mean Tlic llcah contains 

weight In Flesh Kind !srf,onc (iJu-La-vu- 8nc- 

grammes p c. p.c. ij coso lose rose 

Hweet variety 200 67 3 30 0*6 2:0 9*5 

fSour variety 300 75 3 22 0*0 1*9 3*6 

The gum of (his tice was examined by 
Lcmeland (J. Pharm. (Jnni. 1904, 19, 584), who 
found it to consist largely ot galactose' and 
j^Mjntoses. H. I. 

MANGOSTIN a crj^stallme sub- 

Btanoe first isolated from the skin of the mango- 
fiteen fruit hy Schmid (Aimalen, 1865, 93, 83). 
It crystallises in small, flat, pale-yeliow needles, 
and dissolves in solutions of alkali hydroxides 


' to form unstable salts which are decomposed by 
carbon dioxide. Ferric chloride gives with an 
; alcoholic solution, a greeni.sli- brown coloration 
j discharged by hydrochloric acid. Oxidised by 
I warm nitric acid or potassium permanganate 
] with formation of oxalic acid and oth^r products, 
i On fusion with potassium hydroxide yields 
I amyl akiohol, acetic, valeric, and benzoic, acids, 
j Jt contains two phenolic hydroxyl groujis, one 
j metlioxyl gruuji, ami one or more am}d group.s. 

I Dimethyl mtinyodiit CjglLfiOe» 123", oh- 

tained by shaking a solution of mangostin in 
dilute j)otas.sium liydroxide with nu'tliyl sul- 
phate, forms faintly yellow slender needles 
(Hill, (’hem. Soc. Trans. 1915, 197,^95). 

MANGROVE BARK. 4’hc “irk of the 
mangrove is cxfioricd from Mozambique, 
J’arapaf, Iho, iVinha Lay, and other parts of 
Fast Africa, mainly to Germany, Russia, and 
the Lhiiti'il* tStafes, ami for use as a tanning 
nmferml It confains from 35 to 40 p.c. of 
tanmn. 

MANILA ELEMI r. Olko-hesuss. 

MANIOT or MANIHOT is the farina of Moni^ 
hat iitilissnna (Pohl. ), formcily known as 
Jolroplia Mtvrtihoi (Linn.), llu' })lant which 
furnishes tfqnoea. Indigenous 10 Amerjc.a, but 
also cultivated m Afiica and tropical climates 
goiu'raliy. Maniot is occasionally iinport/ed 
iimh'i* the name of ‘ livazilian arrowToot.’ 

MANJAK. A form of aspbaltum found in 
Barbados and Trinidad. It melts above 204'^. 
The principal ihqiosits occur in Trinidad, about 
3 mill's from JSan Fi'rnando, as long Beams 
betwi'cn layers ot clay. Boiled with oil and 
applied ill a liijiiid state if affords a tough, 
unbreakable, nibbci liki' protective coating, 
iiiipi'rvion.s to air and water. It is used in con- 
nection with rotatory drilling foi oil, being 
employed to fill the jomts of the japos betwji'cn 
casing-thii'ads and drill stein heads. As a 
jiainf. it efliiaeiilly protects iron and sti'id goods 
trom sea- waf er, and is useful as a roofing material 
HI tropicid countries. 

MANNA. Tfic concn'tc juice of the manna- 
ash, Frnxinm Ortim (Linn.), f'otumlejolta, F. o. 
(riujiMliJolid, F. fiaxinduler oxypliylla, F. f. 
australis, and F. /. excelsior. The Ornus trees 
yield (he licst manna, but tlu: Fraxinadtr tho 
gri'.iti'st quantitie.s. Ordinary manna is pro- 
cured by making incisions m tho bark of the 
(rt'cs during the surnim'r and allowing the saj) 
to evaporate. Most of thi! manna of commerce 
comes from »Sieily or fclouthern Italy. When 
fri'shly propaiiai, it is jileasant to tho taste and 
IS u.sed, to some extent, as a food ; on keeji- 
ing, it at quires mild laxative proiiertics ami is 
used mecbcinally. 

Marina consists largely of mannitol (q.v.), of 
which it IS usually stated 4/ contain from 
50 to 70 p.c,, together with some invert sugar, 
gum, and ash. Acijording to Tanret (Bull. 800, 
cliini. 1902, 27, 947), however, it contains 
notable quantities of two complex sugars, which 
he names manneotetrose and man nimtriofoi, His 
analyses sliow orebnary marina to contain 
mannitol 40-55, IsDvulose 2*5-3*4, dexlroae 
2*2»3*o, mantieototrose 12-16, manninotriose, 
6-16 p.c., together with small quantities of resin 
and ash. 

Marogua (Bull. Agric. IntelL 1916, 6, 835) 
gives analyses of genuine commercial samples 
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of Sicilian niatina as follows: Moisture 5-11; filtered, concentrated iti ravuO to a syrup, 
mannitol 311-01 ; reduojng sugars, before hydro- poured into an equal volume of alcohol of ‘J5 p.c. 
lysis, 10-10; after hydrolysis at 100°, 20-55. alcohol, again (rcaterl with decolorising carixni 
Dry distillation of manna ni ra< no yields a dense and again liltered. After further concentration 
liquid M^hich ajijiaiently contains mannitol in racuO, the almost solid mass is dissolved in 
anhydrides* oiainudc and untnuifan, tluvse yield- i warm glacial acidic acid and crystallisation 


ing mannitol on hydroly.MH. 

M(inn(‘of(‘lrosc forms mono- i 

clinic crystals, melts at 100' , and has [alj>-l-150° ; 
it IS vefy soluble in water, doi's not reduce 
Barrcswil’s solution, and is hydrolysed b^' acetic 
acid or enzymes, yielding hevulosc and niannino- 
triose ; or by dilute mineral acids into 1 mol. 
dextrose, 1 mol. heviilosi', and 2 mols. galactosie 
3Ia)Uiiiiy/i (^^11 si'jiarates irom hot 
alcohol in sjilicrical masses, melts at 150°, and 
has [ajp,-f- 1 57 It nsluies Karieswil’s (Fidi- 
ling's) solution, slowly leiments with yeast, and 
is hydrolysisl by mineral acids, but. not. Iiy 
enzymes. 

Among many other vegetable <‘\iida,tions 
which go by the name ol ‘ manna ’ thi' following 
may bi* mcnl ioiksI : — 

An.sfnilidn ttiiumd : {<() tiom Mffoponnn 

pldli/cdrpmn (It. lii ) contains mannitol KlOd, 
sugar 3'l, watei 3 5, ash Id p.<;. (M.ihlim, 
(diem. Zentr. ISIM, ii. 341 ). 

[h) From the leavi's of lAddliiphi.s (Iiiokmi 
(A, (hum ) containing sugai, tniilin, starch, and 
gum (Anderson, quoU'd bv Konig) 

(< ) Fiom Ktd'dhfpiH'^ fJnniin. var nilii<{(i, 
(iontaiiis water 0 7, ash 0*S, melitose 0!S 5, 
dextrose 20‘0, suerosi' 2' I, gum 3 2, insoluble 4 3 
ji.e. (Fibert., ('hem. /eiitr. lOOS, ii FS74). 

l\}<sdin iiviiiidi, from tlu' leaves and thoins 
of the cami'l’s thoin, u\l/id</i niduioiiun (.Medic.) 
containing moisture 5'2, ash 0 4, ehloiophvU 
and some gum 0‘5, sucrose 42'0, gum 20 3, 
residue 32‘0 ]),e. (F ). 

tSimc or Tdrjd niaiind, exuding Irom punc 
tui’cs caused by an in.seet, (’o<ra,s intunitjidi u-'^ 
(Fhrbg.), in the stems of Tiinuiiu gailua, var 
niannifmi, contaiiiiiig ehietly sugar and di'xtiin. , 
('(dar or Lrlxinoii did him, fi'om the Ivanehes of 1 
Ccdrids Ldid'iii (liarrel. le.). i 

Trrhida imuiiia from tlie larval cocoons of a j 
beetle, Latina,'i nuK'iddluti, living on the sterns of ; 
Echmops pcrsicios (St.i'V ), contaming water lid, i 
ash 2'li, trehalose 17‘5, gum 27d, tannin, starch, j 
and residue 44'5 ji.e. (Fbert, lor. ri(.). | 

MaiiTM of a morbid .secretion of j 

bactei'ial origin cau.sed by the attacks of 
insects upon olive trees, contains 52 p.c. man- 
nitol, 7‘3 p.c. reducing sugar.s, and 21 '5 p e. of 
other organic matter ('rrabut, C'lnqit. rend. 132, 
225). i 

The term ‘ luaniia ’ is also loosely used for 
the seeds of certain cereals, r.ij. ' Boer 11 x 1111 x 1 ,’ 
and ‘ Kathr manna ’ are often employi'd us 
names for certain millets. H, I. 

MANNHEIM GOLD v. Uold, Maj^nheim. 
MANNITOL, MANNOSE, MANNOTRIOSE r. 
('arbohydiiates. Mannose may be pi’epared 
from ivory nut shavings in the form of jiowdei 
by treatment with a hot 1 ]).e. solution of 
sothum hydroxide, folk wed by dige.stion of the 
perfectly dried residue wat h 75 ]) e. .sulphuric 
acid for b hours, the solution diluted with wftter 
boiled for (>-8 hours, and, when cold, mixed with 
ealcium hydroxide, liltered, treated at 90° with 
decolorising carbon, cooled, and, after adding 
excess of ealcium or barium carbonate, again 


assisted by seeding (Horton, J. Ind. Fug. ('hern. 
1921, 13, 1040; (dark, J. Biol Cheni. 1922, 

51, I). 

MANQUETA or MAQUATA. Alrican names 
of a fo.ssji gum-resin, resembling copal gum, 
found in Angola, below the surface of a fer- 
luginous hai'fl clay or soil, at a dejith of a few 
inches to a eoiqile of feet, often in pieces 
weighing sever-al iionnds. 

MANTLES, GAS v. Gas mvn'ij.es. 

MANURE, ARTIFICIAL i'.#FErrrimsEKs. 

MAPE. A coarse staieh obtaini'd from 
4'aluli, derived liom the fiuit of Iinndipii'< 
t(iuli'> (Foist.). 

MAPLE. The name of tiees ot the gimus A< cr, 
Some species are valued as shade and timbi'r 
tri'es, w'hilst one, J. Miididi 1 iiinii (Wangenh.), 
atfoids an important, source ol sugar in Amenta 
and ('anada. This tree, which attains a height 
of 100 feet Wit h a trunk of 3 01 4 i(>et in dianu'ter, 
allords .1 con.sideiable (jiiantity ol saeehaiiiK' 
sap if ta])[K‘d in the eaily sjiring. Tin* sap 
varii's in composition, but, on the ateiagi', 
eontains iioni 2 to .3 p e ol sueiose, small 
quaiitilies ot jxoleids, ash i oust it ui'iil s, anil 
vegetable ai ids. mainly malic acid. The llov\ 
of saji IS most lapid when fiost)^^ nights aie 
followed b_v waim da_\s. 4'he saj) is ri'ci'ived 
in buelo'Is and rajndly boded down in an open 
pan, the ixoteid mattei whidi coagulates being 
removed by .skinuning. A deposit, often con- 
taining caleium initiate and silica, forms on the 
jam bottom. When the svrup has attained a 
siitlieient density it IS nin ojf and either jne- 
served as sjyiup, after iiltratton or sedimenta- 
fioii. Ol is boiled down still fmthei, until it 
soliihlies to a w'hite 01 blown mass of sugar on 
cooling. 

Maple sugar and syiup are lughly jiiized 
lor table use in Ameiiea and Canada, and are 
ehieflv used in the locality wheie they are pi'o- 
dueed. 'riiey vaiy considerably in eomjiosition 
according to the method adojited in their jirc- 
jmration, but geiierfdly letain a^'liaracteiistic 
‘ maple ’ tlavour. 

(ienuiiie- ma])le sugar is distinguishable from 
iimtat.ions made of cane sugar by the large 
preeqxtate it yields wutti basic lead acetate, 
mainly due to the malic acid jiresent (-'irr Wintoii 
and Kreider, d. Amer. Chem. Soc. 1901), 28, 
1204). Foi the re.sults of an investigation into 
the conditions affecting the flow of sap of the 
sugar maple, sir Jone.s, Fdson and Morse (Bull. 
103, V ermont, K.xjit. iStat. 1903). H. 1. 

MAQUI. Tl?e maijui is a small evergreen 
liliaceohs shrub {AriMoUhd Monfui, L’Herit.), 
common in Chile along the course of torrents, 
and ill shady mountainous woods. It is not 
cultivated, but grow s wild, and the berries, wdiich 
in ('Idle are eaten either fresh or preserved, con- 
tain a red pigment, and arc exported largely 
to Fiirojie for the purpose of colouring wines. 

MARBLE (Fr. Marhrr, ; Ger. Marrnor), 
Although this term should strictly be limited 
to those varieties of limestone {q.v.) whicli 
are sufficiently eompact to receive a polish, it is 
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loosely ap})liod in trade to a great range of orna- 
mental stones, jneluding manj’’ which, like Bor- 
pentine and alabaster, are not even limestones. 
Typical marble, such as that used for statuary, 
has a erystallo-granular texture, resembling tlial 
of loaf-sugar, whence it is termed ‘ saceharoidal.’ i 
Under the microscope it eommonly shows an | 
aggregation of grains of ealeite, exhibiting twin- j 
lamella'. 'I’lie devi'lojmient of such a stimduK* j 
ajijiears to be due to that kind of metarnorphic 
action which Sir A. Ueikic has termed mar- j 
m.oro.'ih.s. That an ordinary limestone may bo i 
eonverted by the o[)(‘i!ition of h(*al and pressure 
into a crystalhiK' marble is known to (‘\ciy liehl 
geologist, while t lu' fact has been conlirnual 
evjicririK'ntally by Sir .). Mali (in IHPo) and 
othi'is. Impure limestoiu's, when alien'd by 
niclainoi‘])hie ]iroeess('s, are olten ru h in various 
crystallised silicates, such as garnet, idocrase, 
tK'inolite, and miea. An analysis ol Carrafa 
marble gavi' : ('a('(), PS-77, MgUOj 0 !Kb SiO. 
O-H), Ald)i-i-Fed), (M)H-^!M)!H. 

Of ancient marbles, I hi- most ri'iiowned for 
the pui’poscs of sciilpturo w'as the Parian, ob- 
t aim'd from the ish' of Paros, oiu' of tlu' (Jyclades, 
in the /Egcan sea. 'I'hi' lim'sf kind, know'll as 
Lijchniit^, had a jiei'uliar sparkling gram and a 
WMi’in surface, v hicli cnaliied the sculptor (o 
rendei the texture of skin with gnsil. elh'ct. 
The old quarries have bi'cn deseribi'd by li. Sw'an 
(Prit. Ass. Uejj. Newcastle, ISSP). Tiie binious 
PvnUla niaible, laigel> used in Athenian aichi- 
li'cture 111 tlu' ag(' of Pencil's, was a (‘oarsei 
material, axlapti'd for bold sculpture rather' tJiaii 
for di'licati' statuary, (’auara marble, exten 
sively em])loyed in Rome under the naini' oi 
Lkihi marbh', and used fiy Micliael Angelo and 
Raphael, is a very fine-grained saeeliaioidal ' 
limestone, still worked with other xaiieties at 
Carrara, Massa, »id Sori'avczza, in Tuscany. . 

'i'he ancient inarbles used in Italy have been 
studied by h\ Coi'si (I)ellc Pietro Antiche, Roma. 
PSTf, ,’{rd edit., IHtof and other aiitjquftne.s. 
Oinllo antico wais a fine yellow marble fr-om 
Numidia, while 7iV/.s.so antao was a homogcni'ous 
rod marbh', probably from ttrei'ci', sometimes 
confounded with Poijuio roxso antao, a liard red 
porphyry witli white felsjiar crystals, from .lebcl 
Ookhaji 111 Egypt. I (id< antao is a mixture ol 
.scr])enline i^d limestone ^rom near Atrax, on 
the JF’iieus, in Sicily, quite distinct from the 
Porjido iKrdc ant wo, or Laeediemoiiian stone, a 
felspathie porjihyry from Mount d'ayg^tus. 
Many marbles are knoAvn by fanciful naiiK's 
derived from (;olour, locality, or a superficial 
resemblance to natural objects : tluis, Bardajiio 
IS a grey or bluish marlilo with white veins, 
Avhilst Cijiollino Ls a white marble with grcc'ii 
veins of m:ca or talc. (Oi^ Italian marbles v. 
W. P. dervis, J 'I’esori Sotteijanei dc'U’ Italia, 
vol. 4, Torino, 188!). For ancient marbles 
V. M. \V. Portew. What Rome was Built wutli, 
Oxford, 1907 ; H. Mk Ihillen, Handliook of 
Ancient Roman Marbles, London, J894.) 

The marbles of the British Isles are derived 
mainly from the Devonian and Carboniferous 
formations. PLyynemth marble occurs in the 
Upper Devonian, while the Great Devon lime- 
stone, of Middle Devonian age, lias been worked 
as a marble at Babbacombe and »St. Mary 
Church. The Madrepore marhlen of 'Forquay 
are largely used for trivial ornaments. The 


fkarboniferous limesfono of Derb^xshiro has long 
been famous for the beauty and variety of its 
marbles, (he best know-n being the Eiicrinital 
marbles, wdiich rnve their characteristics to the 
embedded remains of crinoids or ‘ ^onc lilies.’ 
.Similar eiierimtic marble occurs at Dent in 
Vorkshire and in King’s Uo., Iri'land. Roaeimod 
marble IS a beautiful brown variety from Ashford 
in Derbyshiie. Jilaik marble, such as is worked 
III Derby.shire, (lahvay, and K.ilkenny, irsually 
('lints a fetid odour when si ruck, and loses its 
I'olour on calcination, V\’. N. Hartley found 
1-48 p.c. ol carbon and 0 01 of sulphur in the 
black niaible of Kilkciiny (Proc. R. Dub. .Soc. 
1887, o, 480). The black ( 'arboinufc'rous lime- 
stoiK' of Px'lgiuui and h’raui i', with small W'hite 
.scitions of encnnitcs, i.s li'i'iiu'd loiially Petit 
(ltd ml. 

Jjunaa lalla is an Italian nanu' for any shelly 
luarlih', but is .sjh'iuhIIn applied by mineralogists 
to a Liassii; limestone lioin Bleibcrg, in C’arin- 
tJiia, containing the ri'inaiiis of ammonites, 
wliKili by tlu'ir brilliant jilaN’ of colour resemble 
jiri'cious ojial. An argil I uc('ouh Iniiestone, re- 
mat kably rich in dendnlir markings, occurs in 
irri'gular masses in thi' Rhietic series, near 
Bristol, and has Is'i'ii jiolislied under the name 
of IjaiaPiajh marbh. The Pmn marble of 
'Fuscany is a soft argillaceous mati'rial, found 
near Pisa, and soiiU'times dcsctibed ns a kind of 
lilhomargc. 'Flu' Jmmonite matble, found near 
Yeovil, IS a brown Liassu linii'stone, rich in the 
ri'inains ol aminoniti's 'Flic oolitic formation 
knowm as PoreM marbh’ takes its name from 
Wychw'ood Fori'st in D.xfordshire, which yields a 
eoarsi' slu'lly linu'stonc, occasionally jiolished as 
an ornaiiu'iital stoni'. 'Fhe famous Pnrheck 
maibh', ('xtensively u.si'd in Gothic arclntecture, 
especially fur sh'tidi'f chisteri'd shafts, is a grey 
fre.sh-waU'r liiiK'stoia' of IJfiper Oolitic age, 
crowded with paludina' ; wdiilst llu' Hiinsex 
maibh' is a simihu shelly limestone, of fresh- 
Avater origin, occurring in bands in the Weald 
clay. • , 

Stahajmitir maibh.’< or Oni/.r-marllen {(j.v.) 
consist of banded layers of calcite deposited 
from solution in (avi's. 'Flu'se were formerly 
('dik'd alabaster, and ari' now' often known as 
‘ Oriental alabasti'r,’ the adjective being used to 
distinguish it from trm^ alabaster, which is a 
native form of calcium si^^phate (gypsum). 
Well-known varieties, often used lor decorative 
purpo.si'S and small ornamental objf'cts, are 
Ahjerain onyx and Me.iaan onyx. 

OpJnralcde is a name applied to sejpentinous 
limestoiH'S, Avhich generally displa]^ clouded 
i pattefbis, due to th(' interblending of a Avhito 
limestone or dolomite Avith a green serpentinous 
: mineral. The ‘ Irish green ’ of architects is a 
! rock of this character froi» (kmm'mara in 
western Galway. Of a similar natiin' are the 
1 serpentinous marbles of Angle.sey, the eozoonal 
I marble of (Janada, and the verde antico pre« 

' vjously mentioiK'd. As the two constituents of 
an ojihicalcite are une([ually attacked by atmo- 
sphenc agents, such a *ock is unsuited for use 
in expo.s('d situations, sintai it soon weathers to 
' a fough surface. 

In fact, marbh* generally is hardly suitable 
for outdoor wi^rk in largo ^towns. The atmo- 
sphere of a city becomes charged with the 
products of the combustion of coal, including 
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acid compoundB of sulphur, and must sooner or 
later attack all marbh^ monuments. It has been 
shown by Sir A. Geikie that marble slabs exposed 
in the churchyards oi Edmburj^fh sutler total 
dostructioi^ in loss lhaii a century (IVoc. Koy. 
Soc. Ediiib. 1880. 10. 518). 

A minor use of inarblo js for the pioduction 
of carbon dioxide in soda-vvab'r maniilaciiire. 
In the Uniti'd Stales about 25,000 tons of serai) 
marble are annually gjound into dust for tins 
purpose. 

— l 1. Watson, British and roriugn 
Marbles, (Cambridge, I0H> ; .1. A, llouis Gc'ology 
of Building Stones, London, lOiO ; (1. 1‘. Meiiill, 
Stones for «»l}uil(bng and I teeorution, Ibd ed.. 
New York, 1008; S. M. Hurnham, History and 
Uses of Jiimestnni's and Marbles, Boston, IHS.*} ; 
T, N. Dale, 'Idu* (.’ominereial Marbb's of Vermont, 
Bull. U.S. (leol. Surve^y, 10J2, ISlo. ^'>21 ; J0J5, 
No. 580 ; A. Lee, Murblo and Marbli' Workers, 
London, 1888; IV. (r. Benwiek, Marble and 
Marble Working, London, 1000. L. d. S. 

MARCASITE. An orthorhombic form of 
iron disulphide FeSj, dimorphous mth the eubie 
iron pyrites (r. I’YiU'nss) and i8omor])hou.s with 
misi)ickel (BeAsS). Crystals are not infrequent, 
but their form is usually much obscured by 
twinning, jiroducing more or less elmracteiistie 
forms, whieli have given rise to the names 
‘ s])ear-]»yntes ’ and ‘ eockscomb-}iyiites.’ Stalac- 
titic and nodular fonus with an inteinal radiated 
structure arc also common. The sp.gr., 4-8, is 
rather lower tliaii that ot iron pyrites, but the 
hardness (H.--t)) is about the same. I’he colour 
is pale brass-ycJlow, tather lighter than that of 
iron pyrites (hence an old name ‘ white jiyntos ’), 
but the material fri'quently shows a surface 
tarnish. Marcasit,e vs less stable than iron 
pyrites, and in a moist iitmosjiliere it d«‘eompos(‘s 
more readily, with the jiroduidion ot iron 
vitriol. When the material show’s no crystal 
forms it is not alw’ays dist inguishable from iron 
pyrites, 

Marcasite occurs in,niineral veins, as crystals 
and nodules in the chalk marl of Kent, in ligniti' 
and clay at Littmitz m Bohemia, &c. It is 
much less abundant than iron ])ynte.s. When 
found in large amount it is used, like iron 
pyrites, for the manufiicturi' of sulphuric acid 
and iron vitiiol. K. J. K. 

MARCASOL KSYNTHETir nnuus. 

MARC BRANDY OIL r. Busel on,. 

MARCTINE. Tradi! name for an antithermic 
OH 3 ’CeH 4 -NH-NlT-(^()NlJ,tI : 8). i.r. metlivL 
acetanilide, in wdiieh the aeet^ 1 railical is rejilaeed 
by the giiup NH'BO-NII,. Bor reactions and 
tests, V. Lemaire, Re]), riiarm, JU07, BI, 41) ; 
J. Soc. Chem. Ind. 1907, 342. 

M ARETIN m -t olylsemioarbazide 

Nil— NH-CO-NH, 

\/' 

Used as an antipyretic, v. SYSTHimc drugs 

MARGARIC ACID stated to 

occur in the wax of licBens, and is obtained by 
boiling margaronitrile with alcoholic potassium 
hydroxide (Becker, Annaleii, 102, 209 ; HeiiAz, 
J. 1857, 356). 

MARGARINE (American, Ohomargarijui) is 
the generic term for butter substitutes, consist- 
ing either of a mixture of animal fats alone, 


or of animal and vegetable oils and fats churned 
with milk to a hutter-like emulsion, and coloured 
yellow (unless forbidden by law) with annatto, 
methyl oraDge, &c. During latter years, with 
the exiiansion ol the margarine industry, two 
further kinds of ‘ margarine ’ have been brought 
into eommerec, namely (I) maigarine made 
(‘xeluKjveJy ‘>f vi-getabk* hits and oils churned 
to an emiilsjoii Avilii cow's milk, and (2) mar- 
garine mad<‘ liom vegidabk’ oils and fats, wherein 
lor oow’'s milk is substitiiled an emulsion made 
from kernels of almonds. Thus Hie last-named 
article consists exclusively of cegdahJc products 
jitifl is .sold under the name ot ' nut butter ’ for 
the us(' of vegetarians. A variety of the last 
class ol butter substitutes, no doubt suggested 
by the iaet that their e.onsisteiiee wm t-oo soft, 
IS made from a mixture of oleomargarine and 
milk of almonds (witli an addition of sesame oil, 
wliere ])resciibe(l by law). 

Tlie industry of butter substitutes ow’cs its 
oiigin io experinH'iits (induced by a pri/.e 
ollered by the Breneb (lovirnment in 1859) 
made by Mego-Mounes. wdiieli w’ere worked out 
to a nuunifacluniig jiroeess in Bans in tlie year 
1879. 

In the manufaeturi' of t he original margarine, 
as nuuk' by Mege-Mouries's process, the aiiimul 
fats uH('d were oleomargarine — ‘ oleo oil,’ — and 
(oi) neutral lard. Botli iiigredienls must be 
]»re|>ai‘e(l from the Iresliest beef fat and (or) 
bog-tat res])eetivel\. 

Bor the production of oleomargarine, the 
rough iat is removed from tlie slaughtered 
annual as (piickly as jio&sible and brought 
into the works, when' it us sorted. Tlie kidney 
and bowel fats are sideeled, then carefully W’lished 
w'lth w’arm watei ami thoioughly cleansed. 
Th<< cleansed fat is brought iinineihately into 
large, ■well-aired, artitnially ••ooled looms t-o 
dry and harden (being allowial to hang there 
suspended from tin hooks foi several liours), 
or is^immersi'd in iced Avati'r m order to secure 
more rapid hardening. 'I’he liardened fat is 
then cut iiii and shredded in a shredding machine, 
and finally ground betw’ien rollers. The dis- 
integrated mass is introduced into tin-lined 
jacketed vessels (‘ melting kettles ’) and brought 
to a leinpcratun* not exceeding 42°, this tempera- 
ture being maintained by 8team.pr hot w^ater 
passing through the jaeki't. 

At this temperature a portion only of the 
talhtw contained in the tissue separates on the 
top of the comminuted rough fat. The settling 
and clearing is assisted by sprinkling salt over 
the surface of the melted fat. This melted 
portion, termed ‘ premier jus,’ is run off into 
shallow tin lined trays arranged in tiers in 
a cooled room, wlieji the bulk of the ‘ stearine ’ 
separates in a, crystalline condition. The 
crj''stalli^ed mass in the tins is cut up into 
square pieces of about 3 lbs. weight eacli, 
wrapped in canvas cloths, and placed in hy- 
draulic or mechanical presses. 

For the best cpialities of margarine, the* 
‘ premier jus ’ is remelted at a temperature not 
exe«*ediug 45“ and allo-wod once more to settle 
out, after salt has been added, wliereby the last 
remnants of membrane and tissue are precipi- 
tated. In large works the clear fat is allowed to 
run into wooden vats, in which it stands for 
from 3 to 5 days at a temjifirature suitable for 
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the crystallisation of the ‘ stearine.' The wliole is removed (for butter-making) by means of a 
is then stirred up into a homogeneous pulpy centrifugal machine, &c. The regular delermi- 
mass ; this is wheeled in wooden waggons to nation of the fat in the milk is necessary, not 
the presses and treated as described already. only for the proper control ot the works, hut 
The oleoniargarino, ‘ oleo oil/ which runs also for the further reason that it has not infre- 
out from the ym'sses iorinerJy constituted the qnently oeeurred {on the Continent) that too 
exclusive' raw mntenal for thi' inanufaetuie of miicJi enviiii is taken utf by the seller and 
margarine. replaced l)_\ .sesame oil, col Ion-seed oil, or even 

In some works tlu' rough fat from which (he l-v margarine. 

‘ finouier jus ’ has liei'o talo'n oil (111 the manner The churning niachiucs fjoiisist of oval, 
desci'ibed above) is licabHi tiiicc moie to about jackeled vcss»?ls provided with oiu' or two s<*ts 
when a sei'onr] portion of fat. i.s recovered, of stirring and mixing gear. During the jirucess 
This IS sold as ' sfcunda JUS,’ and IS used in the o( churniiig a eoiislant t('iii])(‘ralure must he 
manufacture ot iiihaior kinds of iiiargariin“ iiuimtaineil by means of steam .sent thiougb llie 

Amongst the \(‘g<‘t!iblc mis, ef»(ton-sccd oil jacket, of the churii. 'tlie object.**)f chuming, 
and cot, ton-seed stisiiine, sesame oil, araehis liesules tlu»iough!\' mixing tlu' iiigi'ciJiciits, is to 
od, and recently e\('n soya-lM‘an oil, ari' pre- <lesln»v the teiidmiey of tin* oleomargarine to 
ferred. Aeiionliiig to the intemhal (pialit\ of eryslalbse, and to pulvm-isi' (‘ atomiHe ’) the 
the murgariiu', the <nialitv of tlii' cotton oil nnxturi', as i( weri‘, int(* sirigk* gloliuk's, such us 
varu's. In any casi' the cotton seed oil mift^t Initt'o-fat Torins in milk. The art of fho mur- 


be iiractieaily devoid of frei‘ fatty a’uds. and 
rendered as free as jiossilile from tlu' peeiibar ■ 
llavour eliaraett'ristie of tins ml 'I'lii* be''l brand 
of cotton-seed oil used tor Miuigaiinc' making is ; 
known under lli'‘ name ' but t er ml ' Araelii.s ml 
(also olive oil) and si'.same oil are used to a, , 
greater extmii in Kmopc* Ilian in tlu* Iniiled | 
States. Ilelined coco nut od and jialm kmnel 1 
oil an' now incorporated to a very emisid(‘rable ' 
('Xtt'iit with tlie fat, .stock ol ma,iga,i in<‘. 

A ni'W souie<‘ of ,st)lid fats Ims b(>eii made 
available for the manufactuK* of niargaiine by 
the development of the jiioci'ssof liydrogenaling 
oil (.sec H.xrukx iCT) Ou,s). 'I'lie use of hydio- 
gonated oils for tins [lurjiose was jiatmited by 
Gevoauv (Fi. Pal . Aistil 1 , In Amenca 

cuttomseed oil li.iideiied t<i the requiied I'xl.enl 
is now fnsjiieiitly ii.sed iii place ol olemnargarini'. 
Atb'mjits have been made on the (kmtinent t.o 
use hydrogenated lisii oils in the manufacture 
of margarine, hifl, the lecurrenee of the oiigiiud 
odour renders the.si' products unsuitable. In 
1,his eonntry maigarmes containing hydro- 
genated oils are, as yet, I'niy prepared for 
.sjiceial purposes, such as for the use of bakeis. 

The oleoma rga riiK', ‘ oleo oil’ (and neutral 
laid; is mixed in rhntnnuf marhinrf, at as low a ! 
temjierature as is eonsistent. with a seini-lluid ! 
condition with the vegetalile ods and tats, and I 
with milk. • I 

The quality of llu' resulting jiroduet dejietids, j 
to a gn at extent, on liie quality of the milk and j 
on its treatment, previous to its adnn.\ture*ivitli 
the fats. The milk may be either sweet milk 
or sour. 8vW*et milk us more didieult to amalga- 
mate with till' oils and fats, and is ridained with 
greater diilienlty than soured milk, hut the 
advantage tin; employment of sweet milk offers 
is that the resulting produotJias a finer taste and 
keeps better. The souri'd rnill^is, how<*ver, more 
easily inijorporated with the fats and gives a 
higher yield, Tlu* proper treatment of 3 he milk 
in the margarine works constitutes one of the 
most important feature.s, just as the corre- 
sponding part of the butter- making jiroeess does 
in large dairies. The milk .should be worked up 
as soon as possible after arrival. In any ease it 
should be pasteurised immediately after it is 
received, and no preservatives — not even salt — 
should be used to prevent the fermentation of 
the milk. If the cream has not been taken off 
before the milk reaches the margarine works, it 


garine maker at I his stage of I he jirocess consists, 

I li(‘refor(*. 111 eari'lully K'gulaling tlie inflow'’ of 
milk and fal s(o<dv, so tlial a (borough emulsion 
us liiially obtained. 

Fiisl, tlie milk is jud lukewarm into the 
churn and is nuxi'd up with a little cream, 
followed l»y the addition of bntti'r (if any be 
added). When tlu* iiiasK is thoiouglily emulsified, 
jiait of tlu* oleoniarganiie is addl'd carefully, 
and will'll (Ins has been pnqierly incorporated 
j w'ltb the etnidsioii, the oils required ior the 
! margarine stock ai'e enlered gradually and only 
I then the remaining oleoiuargarme is mixed iiI. 

I A(, (his slage some nianulaeturi'rs add colouring 
I matters The steam is then turned off, and the 
warm material cooled to a definite tempera- 
! ture by e.old w'ater bi'ing sent through the jacket. 

I 111 a process no longer used in up-to-date 
j woiks, the cooled inargarine leaving the churn 
I was delivered a tank and disintegrate, 4 by 
I meeting a current of lee-eold wati'r under jiros- 
I sure. This so-called ‘wet’ inetliod has been 
I praelically snper.sedeil by tlie dry method. 

The ivoling of (be still liquid margarine by 
ninnmg it off to a era ik'd lubk*, has the serious 
diawhaek (hnl th(' cooled mass is ol uneven 
thickness, and lienee an luievi'iily cooled product 
IS olilaiiM'd. '^rhis ilrawbaek is avoidecl by E. 
and 11. H. Hebou, who I'ool tin* margarine in a 
thill layer, of a thiekni'ss of about 1-1 ‘5 mm., 
bc'twei'ti (wo hollow* evlindcrit which revolve in 
()j>j)osil,e directions and are cooled by a cold 
briru' solution. ' 

A large number of patents bavi* been taken 
out for ’ homogenising ’ or ‘ atomising ’ in 
special machines tlie mixture of mifc; and oils 
and fats. The merit claimed for these machines 
j IS that the product is more solid and has no 
i ‘ ody ’ but rather ‘a nut-like’ taste. A draw- 
! back of all these apparatas is, iiowever, that the 
j margarine retains more water, and hence the 
! propoitum ot fat falls below Ht) ji.c. I’liercfoR' 

1 III tllo.^e eounirics wiiere the maximum tier- 
I eeiituge of lb p.c. of water is prescribed by law, 

' the sale of such margarine woulcT meet with 
i (liHif ulties. • 

' In order fo obviate this drawback, and at 
I dll' saiiK' time to dispense with the kneading 
i maehine.M, in w*hich the excess of the milk is 
! removed, Sehroeder (D. K. PP. 204001 ; 204002) 

I carries out the blending and emulsifying process 
1 in thrr*e churning machines arranged one above 
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the other and working in conjunction with an i 
‘ atomiser.’ 'Iho tcTnperature in tJu'- three churns | 
through wliich tlio mixture of fats and milk | 
passes is regulated eandully so that the com- I 
pletely emulsdied contents (jf the low<‘s1, churn 
can be dise'hargi^d on to a cooled table, where 
the mass solidifies to a thin layer, which is 
scraped oil’ by a langenfially acting ‘ doctor,’ so 
that the thin sobdilii'd lilni is curled up and 
diHiiliargtHl info a waggon, 'the ingreilients 
forming thi' margarine are mixed (e. utfiu) in 
the ])roportjon of H(l jiarf.s of fats and oils, lb 
])artH of milk, and 4 parts of cri'am, consisting 
a])proxinuitely of one-f liird of butfiT-fat. 

Among ( 4 yu‘r more reumt tyjs's of emulsifiers 
mention may be made of tJiat of Silki'borg 
(hlng. I’af. “Ibr)? of and that of Itliehfeldt 

(King. I'at. JcSOdS of l!)14). dhe formei consists 
of a liOM/.onf.al c\ tinder siirioiinded by a iKMiting 
jacket, and containing a lotating agiftitoi, winch 
drives tlie imxtun! of milk amt faf against fixed 
baffle jilates (iontaining p(*rforaf ions, whieh effect 
fm(> 811 l)di vision of the mass. 

In Rliehfeldf’s ajiparafiis fh(‘ emulsification 
IS effected by means of a lofating disc pieieed 
With slots, whii'li is mounted on a liollow shaft 
in a vessel the walls of which are close to I he 
disc. 4’ho milk is introduced through the hollow 
shaft, whilst the melted fat is didivered thiougli 
an ojK'iung in a tube jiassing across the vessid. 
'Phe use of tlu'sc' newei types ot (‘inulsitims j 
jiermits of tlu' process being carried out cun- | 
timiously, and tliiis effecting an economy in j 
sjiace*, ])ow(T, and time. i 

In the now jiracf ically obsolete ‘ wet’ method 1 
of cooling the emulsion Avater elnlled to a low 
temperature by refrigerators is usml as tin* cool- 
ing modiuni. Various modifications of cooling 
devices are also in use. J*\)r e\am])le, in Ras- 
niutiscn’s aiijiaratus (Kng. I’at, 2ff8,‘ll of Iffl.'t) 
the fatty mixture is distributed on to a hollow 
cylinder which rotates in eoJd Aiatcr, at a di'ptli 
of about two-thirds its diaiiieliT. 'J’Jie con- 
gealed fat IS then removed from tlie surface by 
means of scrapers which deposit it on a travelling 
band. 

in the ‘ dry ’ method of elullmg the emulsion 
the mixture may be distributed on to a travelling 
band whieh traverses a current oi cold tiltered 
air (Kng. Pat. 2021)2 of 101 1), this method, liow- 
ever, being too expensive for use ; or, as in 
(ffiristensen and ^laiiridsen’s jiroeess (Eng. I’at. 
20508 of tot 2), it IS distributed as a thin film 
on the surface of a rotating cylinder, through 
the interior of whieh chilled brine circulates. 
Jn Schdu^s cooling drum (Kng. Pats. ]25l)l, 
1007, and llbO, 1000) brine elnlled to --7” is 
circulated through cylinders revolving in ojijm- 
site directions, and capable of being adjusted 
so that a desi^j^d thickness of film can be 
obtained. A similar type of apiiaratus has been 
patented by .Jurgens (Kng. Pat. 10808 of 1014). 
After being chilled in tins way margarine fre- 
quently has a crystalline striieturc, and requires 
a linal mechanical kneading to give it the con- 
sistence of butter. • 

Effective emulsification depends upon the 
correct application of the principles of colloiilal 
chemistry, Eor an outline and discussion of 
these jinneiples reference may be made to 
W. Playton's ‘ iVlargarme ’ (Longmans, 1920). 

The soliditii'cl margarine is n<tw kneaded to 


I a bntter-liko mass by moans of rollers contained 
I in cylindrical rotating drums. The margarine is 
thus thoroughly worked through, and the excess 
of water squeezeil out, so that a homogeneous 
mass results. This is tlien salted to tast(‘, mixed 
With a little colouring matter (if permitted by 
law), and again submitted to thorough kneading 
in a second set of km'admg machines of the 
same or of diffeieiit type, in order to produce 
the required tcxtiiic (liioughout the whole mass. 
The mixture with salt, jaescrvativcs, ^"c., is 
usually effected by means of a blending inaehme. 
The margarine is finally moulded into lumps, 

' p.ils, rolls, or aiiA"^ otlu i desio'd shnjie. 
i As an example of .i good working recipe for 
margarine the lonnula otticially pioposial in 
1918 may be quoted, viz.. Prcimei .Lis, 15; 
coconut oil, 15; palm-kernel od. .59 , uraeliis oil, 
19; and cottonsccil oil, 19 ]i.c. This melted at 
.ikoiit 25'. Eoi Aviiitcr use tlu' formula was 
modified so as to ciintaiu 59 p.e. of liquid oils, 
29 p.e. ol animal tats, and 59 ])c of vegetable 
lals. 

Till' object of the margarine maker being to 
n'lidiM Jus jiroduct as idosely similai to butter 
as ])0SKibl(‘, and to take away the' ‘tallowy’ or 
too strongly ‘oily’ taste ol tlie material, some 
manulaetun'is (provnled the, law jiermits) add 
cow's hiitler. Others add small quantitii'S 
of vol.itile acids, volatih' aldehydes, mivod 
glyeeiides containing butyiic acid, siirdi as 
dibiitv loinonostcarin ..lul dicapi’A lomonostearm, 
or ‘ buttc! perfumes,’ winch i'om.msI chieHv" of 
volatile acids, such as propionic, luitync, cnproic, 
and then (‘ihyl esters. Also counutrin (sold ns 
an emulsion with sesame oil) would tall under 
the hi'ad of ‘ pi>ri limes.' 

It .should, iiowevei, beslati'd th.at margarines 
prcimri'd from the host mab'nal and in an 
uiudijcctionahlc manner d(t m,'! requiie any of 
these addilions. The laltei .l^■ cluelly used in 
order to mask low' grnih' inateiials, or to allord 
analytical data which may ereati' a tietitions 
imiuvssion as to the real nature of the product. 

An important jioint in the manufaeture is 
to jirodiiee margaiiiie winch will froth and 
‘brown’ on healing, so that eviai in cooking 
the margaiine may resemble Initter. Since the 
projicrty of butter to bnnvn and froth is due to 
casein and milk sugaif it is evident that life more 
milk IS used in tlu' manufacture margarine, 
the nearer will the jiruduet aiiproximate to 
!nitU*r. 

Mi!k IS liberally used in tins country and in 
Amenea ; but in some continenHil countries 
where tin; law forbids tlie addition of more than 
a strictly limited quantity of milk, a number ol 
patents have bei'ii taken out for substances 
Avhich are credited with imjiarting to margarine 
the desired juojjeftios. Prominent amongst 
these jiateiited products are casein and other 
proteiiif/. Some patentei'S claim cholesterol 
and cholestinyl esteis, or lecithin. Lecithin is 
now incorporated with margarine in the form of 
egg yolk, which is, of course, cheaper than 
lecitliin. 

Vegetable waxes liavo also been proposed as 
admixtures, and the use of beeswax for this 
jiurpose has even been patented, although the 
addition of such substances must seriously inter- 
fere with the digestibility of the margarine. 

Resides the taste, the consistence also plays 
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an important part in the valuation ofHiiltgarine. 
If the finished margarine has not been worked 
sufficiently on the tables, its consistence may be 
either too ‘ greasy ’ or too ‘ sandy,’ i.c. ihe senii- 
orystallme mass has not been properly ‘ broken,’ 
and its grain differs from that of a properly 
prepared dairy butter. Some margarines are 
also finally mixed with a little glycerin, or glu- 
cose, or sugar, in order to improve the texture 
or 1.0 give them a glossy a[)pearane(‘ and also a 
sweeter taste, ’flu' addition of ghicos<‘ or cane- 
sugar must, howev(‘r, he eonsidered a mistake, 
as this only leads to premaliire development of 
fungus on (he margarine. 

The manufaelure oi ljutter substitutes is 
differently alfeeted by legislalion m different 
eouiitries. Tn this country the ad<hng of butter 
to margariiK' in any ])roportion was at first 
allowed ; for, aci'ording to the Margarine Act of 
1887, any ‘ butter ’ containing even thi* smallci*(, 
quantity of foreign fat was lookcil upon as 
margarine. By the Margarine ('laus<‘ of the 
Food and Drugs Art, lypp, how(>v(‘r, IIh* maxi- 
mum pro]K)rtion oi butter-f'al in margarine has 
h(M‘n restricted to 10 ]> r. 

This rivstiirtion has been eonfirnn'd by the 
Butter and Margariiu' Act of l'.)07, and it has 
been furtluT ('iiacied that margarine must not 
contain more than Ki }).e of watiu-. M.irganne 
lactones must ta* icgistenal, <ind Ik‘ ojk'h to 
Governmcuit insjiection. l'rohil)ited prcseiva- 
lives must not b(‘ iisi'd, nor is an excess of boric 
acid allowed. According to the saim* Act 
‘ margariiK' ’ means ‘ any artick' of food, whi'ther 
mixed with butter or not’, winch n'semhh's butter, 
and IS not milk-blcndcd Imtti'r.’ For the latest 


fat is a constituent of a margarine. The rela- 
tionsliip between the Kirscliner, Reichert-Meissl 
and Polonske values has been worked out by 
Bolton, Richmond and Revis (Analyst, 1912,117, 

1 811), and more fully by (Tanfield (Analyst, 1915, 
40, 339). According to HichmonA (Analyst, 
1919, 44, 100), results agreeing with the mean 
figures are obtained by the use of the equation 
P -- 0 20(K 14), whore P and K represent the 

Polcnske and Kirschner values respectively. 
At one tiiiK' margarine was adulterated with 
parallin wax. The separation and identification 
of uiLsajHinifiable matter in the fat would detect 
this fraud. 

A test, to distinguish bctvv^cci* butter and 
margarine is to evumine a thin layer of the fat 
under the microsco]>e, using polarisi'd light, 
whmi margarine showed a crystalline appearance 
((^ Whlliams). This test, liowever, fails in tlie 
<!ase of ‘ f'criovatcd ’ or ‘process’ butters 
(\V. Clavton, .1. Noe. (!hcm. Ind. 1917, 30, 
1205). 

On heating the clear liltenHl fat from butter 
or margarine to a temperature of about 185° 
the natural biit.ti'r colour and vegetable colours 
are destroyed, whereas (!oal-tar colours are not. 

Foi an account of the occurreneeof vitnmin.s 
in butter ami margarine and their significance 
Iroiii a nutritional point of view, see Clayton's 
‘Margaiine.’ 4. L. 

MARICOL. 1'rade name for magnesium 
ricinoh'ate. 

MARINE ACID. Si/n. for liydroehloric 
acid 

MARINE ANIMAL OILS e. Oils. 

MARIPA FAT. The fat. of tliefniitof THari- 


(mactiiieiits in othi'r coiiiitnes the leader is re- 
ferrod to Lewkowitsc.h, ('hcmical Technology. 

In the cxnmimlion of margarine th(‘ deter- 
mination of the B.yichert-Meissl value constituteil 
the most im])ortai.t (‘haracti'nstie, as it iiidicati'd 
in the briefest, and surest manner (he amount of 
butter-fat eontamed in the margarim', ertlu'r 
added as butter or originating from the milk 
wliieh had biicn incorjioiated with the oils and 
fats 111 tlie process of manufactiue. Sin«'(*, 
however, considerable quantities of coconut 
oil and palni-keriicl oil foirii ingredients of 
margarines, and since even margarines are made 
at prosofit which consist exilusively of the last- 
named two fats. Without even an addition of 
cow’s milk, the mdicatioiis of the Ri'ichert-Meissl 
value no longer have that muiortaiiee wl^eh 
they formerly jiosscssed. 

The Polenske value, which is based on the 
determination of th(i volatile insoluble fatty 
acids which distil in tfu* determination of the 


mthdiui, [Alfiile((\ ATaripa (Drude), used in the 
West Indies as butter. It is employed in 
French (liiiana as a medicinal liniment, and 
IS jiraotically identical with coco-nut fat in 
cliaracters. 

I MARJORAM, Ortyttnum Majormia, (Linn.), a 
herb employed in llavouring. It is generally used 
in the air-dried state, when it has the following 
c.omposilioii : — 

Tru- Kthcreal JS'-fo'o Cnale 
: W.itei (.cm Fat oil extract Ilbro Ash Sand 

i 7*0 J4-3 5-0 1-7 35 0 22*1 9-7 3’4 

(Commercial dried marjoram often contains 
much sand ; a good saiiiplo sli^uld not contain 
more than 14 p.c. of ash, of which not more than 
3’5 or 4’0 p.c. should be insoluble in hydrochloric 
acid. 'J'he following analyses of the ash of 
marjoram were mad(' by Rupp (Zeitsc^. angew. 
(Jhcni. 1892,(581):— 


Reichert -Meissl value, affords a more trust- 
worthy indication (Analyst, 1904, 29, 154; 
1911, 30, 333, .336). The inotliod of Shrewsbury 
and Knapp (Analyst, 1910, 3.f, 385) is ba.sed 
upon the fact that the predominating fatty 
acid (launc acid) of coconut oil is readily soluble 
ill diluti' alcohol, and may be estimated by 
titrating the solution with standard alkali 
solution. Kirschner’s extension of theReichert- 
Meissl -Polenske method (Zeitsch. Nahr. C4e- 
nussm. 1905, 9, (5,5) is essentially an estimation 
of the amount of butyric acid present. It has 
been shown by Revis and Bolton (Analyst, 
1911, 3T5, 330) that by determining this value it 
is possible to ascertain rapidly wliether butter- 


W 5 pT ^ o o 

German 20 2 (r7 4 8 17 0 7-;{ 10 #1) 4 0 2-1 (51 20-5 

French . IS’S 07 07 24 8 OM trace il’l 4 8 IT* S'O J!>'4 

{v. Oils, Essentiai.). H. I. 

MARKASOL. Binmulh horophenate {v. Bis- 
muth, OkOANIC rOMPOUNOS OF). 

MARKING INK is wed for stamping or 
marking fabrics, and should lie permanent, and 
indestructible to the material. The basis of 
many marking- inks is a silver salt dissolved in 
aqueous ammonia containing a little gum. This 
IS only coloured on decomposition, so a little 
dye is needful ; dark-brown inks contain 
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MARKING-INK. 


archil and chlorophyll, crimRon contain car- 
mine, whilst copper Hulphate is an ingredient 
of blue ink. 

Redmond’s ink is made thus : dissolve 3 oz. 2 
drms. silvcjf nitrate and 3 oz. sodium carbonate 
each ill 2 jiiuts boiling water, mix, and collect 
the prcei])itate so formed on a iilU'r, wash with 
water, transfer to a mortar, add 101 drmfi. 
tartaric acid, •triturate* the whole, and when 
effervescence has ceased, add 3 A oz. of ammonia 
(0*880), stir until dissolved, and add oz. 
powdered white sugar. Mix i oz. chlorojihyil 
and 1 oz. archil with 4 oz, water, add 24 oz. of 
acacia gum to this wlxui dissolved, strain, add to 
the ammoniifbal solution and make up to 20 oz. 
with water. This ink, if carefully prepared, 
contains only the tartrate of silver ; on heating 
metallic silver is left on the fabric. 

An indelible ink is made by dissolving 1 oz. 
silver nitrate and 1 ^ oz. of sodium carbonate 
separately in 3 oz. distilled water; mix tlio 
solution, collect and wash the precipitate 
with distilled water. Add KiO grs. tartaric 
acid, dissolved m 1 oz. water, to the pre- 
cipitate in a mortar, stir until olTcrveseenco 
ceases, and then add 2 oz. liquid ammonia to 
dissolve the precipitate. Mix in SO grs. aniline 
black, dissolved in 1 oz. boiling water, and add 
5 drms. glycerol and water to make up to 
8 fl. oz. (ypon’s VVorkslio]) Receipts, 1009, 610). 

Aniline m'arldiig-ink is prepared thus : m two 
bottlcB ( 1 ) add 1 11 . drin. aiiilim* and 10 grs. tolui- 
dine to 2 11 . drms mucilage of acacia and dilute 
hydrochloric aeid, and mix ; ( 2 ) x»owder 

40 grs. cupric sulphate, 20 grs. ammoiuum 
chloride, 20 grs. potasHium chlorate, and dissolves 
in (> ti. drms. water ; lastly, add 2 fl. drms. of 
thick mucilage and mix. Leave fur 2 or 3 da 3"8 
before using. E(i[ual parts of each solution are 
mixed immediately bidore using and applied 
with a quill pen (ISeient Amcr. Eney. 1903, 270). 
Single solution aniline inks arc also made. 

An ink suitable for rubber stainp.s, as it dries I 
rapidly, is made by adding la oz. glycerol to a 
solution of I oz. aniline black and 15 oz. pure i 
alcohol. ! 


brownish colour. Many of them disintegrate 
in water; and they are readily attacked by 
dilute hydrochloric acid with evolution of carbon 
dioxide. Marls have been used for ages by 
agriculturists for the purjiosc of improving 
certain lands, t-ho material for ‘ marhng ’ being 
systematically dug from ‘ marl pits.’ f?inco a 
marl is a calcareous clay, it may obviously pass 
j into an argillaceous limestone ; the chalk-marl 
' is a rock of this kind. When a marl becomes 
j indurated it is often known as marUtonc or 
! marl-rock, and the hard beds of the Middle Lias, 
which in Voiksliire yield the Cleveland iron ore, 
i are recognised by geologists as the ‘ marlstone.’ 

I A laminated variety of hardened marl is termed 
' nuirl-slaic, which readil^’^ ]>asses into a calcareous 
; shale. 3’he marl-slate occurring in the Rermiaii 
j series in the north of England is equivalent to 
I the German Kupfcrschiefer, a bituminous marly 
fHiale, containing copper ore. 4’he shell-marl 
found at the bottom of certain lakes, especially 
in {Scotland, is a calcareous ooze, consisting 
largely of organic remains. L. J. S. 

MARMATITE v. Zinc-«lendk. 

MARRUBIIN r. Marrubtum. 

MARRUBIUM, Hoiehoiuid, Hoarhmnd. (Mm - 
rnhe hlatic, Fr. ; Andorakravt, Gcr.) Horehouiid 
has been einployod for its mild tonic, stimulant, 
and laxative projierties, especially in domestic 
medicine, for a long p('riod, it eon.sists of the 
l<*aves and bqi.s of the Mnirahivin vvlgare 
(Lmn.), a jicrcnnial lierb growing throughout 
most parts of Europe, Asia, and America (Boiitl. 
a. Trim. 210). The only constituent which has 
been examined, except a trace of volatile oil, 
IS the bitter neutral mnrruhiin. 

Marrubiin was examined by Gordin (J. Amer. 
(!hem. Soc. 1908, 30, 205, where see earlier 
j literature), who assigned the formula 02 iH 2 fi 04 , 
m.p.lGh^ b.p 297 -2997151^111.; ralD+46-087 
forms large crystals from alcohol. It is the 
laekinc of mairnlnc acid OH'CijoHogOj’GOgjH, 
m p. 173°-1747 which can be reconverted into 
marrubiin in several ways. G. R. 

MARSH GAS. MHhane or methyl hydride 


To use silver marking-ink for stamping, 
add to 1 oz. ink, 1 dnn. gly(*(*,rol and 1 drm. j 
treacle. 

To make an indolibh' red ink, di.ssolvo 2 oz. 
shavings of dr^ white e.uid soaji in I part , 
balsam of copaiba by heating, add suilieient 
vermilion and stir occasionally until cold. 

Jiuhan-inks are used for marking. 

All mk suitable for labels which cannot he 
bleaeheiF is made by mixing equal parts of 
pyrogallol and iron suljihate. The label is 
varnished when dry (Hiscox, Receipts, 1907, 
407), 

The juice o4tho banana and of the raarkmg- 
nut have to some extent the properties of 
marking-ink, but no practical method of ])re- 
paring llieni for sale has been developed. 

MARL (Ger. Mcrgel), a name jiroperly re- 
stricted to cal(;areous ela.ys, hut frequently j 
extended so as to fhchulo any clay which, 
when dry, is readily friable. Thus the Keuper 
or New Red Marls, of Tnassie age, often coiftain 
little or no calcium carbonate. An analysis 
of a red Keuper marl, from Worcester, by 
Voelcker, yielded 4*85 p.o, of lime. The typical 
marls are soft, earthy, and of a white, grey, or 


(e. Methyl)- 

MARSH-MALLOW GUM Gums. 

MARSH MALLOW ROOT contains 1*7 p.e. 
of an oil compos^l of palmitin aiTd olein, 
butyno acid, a jibytosterul, appaTontly identical 
with sitosterol, a" hydroxy aeid of high inole- 
eular weight, an oclourous substance of un- 
known eonijiosition. a lecithin containing 
palmitic and olein aeid.s and oholine, 10*2 p.e. 
of sucrose and 0*78 p.e. of invert sugar, a 
mucilage (( 7 H 10 G 5 ), consisting of glucosan 
(94 p.e.) and xy Ian, and another saccharooolloid 
giving d-galactose on hydrolysis (von Fried- 
nchs. Arch. Pharifi. 1919, 257, 288). 

MARSH ROSEMARY. Andromeda Polifolia 
(Linn.^ ; also an American name for Statics, caro- 
liniana (Walt.) [S. Limonium (Linn.)]. Andro- 
meda PohfoUa, belonging to the Ermcece, is the 
only British species of the genus ; it is found also 
in peat-bogs throughout tlie north of Europe, 
Asia, and America. It is an acrid narcotic and 
is fatal to sheep pasturing off it. 

Statice caroliniana is found in marshy 
situations from Maine to Florida. According to 
Parrish, it contains 12 p.o. of tannin and has 
been used in the manufacture of leather. 
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MARTENSITE. Thp principal oonatituent of 
all hardened steels containing over 0*16 p.c. of 
carbon. It is a solid solution of carbon in iron ; 
when saturated, as in high- carbon steels, it is 
known as ‘ hardrnifc ’ (Hfuvc). 

On a polished surface, etched with picric 
acid, it shows under the microscope three 
systems of cleavage planes inclined tc» each 
other at l>0''. It is very hard and cannot be 
.scratched by a needle 

Martensite is magnetic and forms one 
of the princi])al coiLstituents of permanent 
magnets 

MARTIUS'S YELLOW. A synonym for 
Naphthalene yi*llow ; known also as .fainir 
(Vor, nai)hihof yellow, M<nirh( '<te) yellow. 'I’ho 
sodium or lime salt ol dimtro-a-naphthol (/*. 
NAPirrifALENE). 

MASOPIN RESIN Rksin.s. 

MASS ACTION v . (hiicMroAi, affinity. * 
MASSECUITE SnoAin 

MASSICOT y. Lead. 

MASSICOTITE e. Iutuahoitk. 

MASTIC CEMENT e Cements 

MASTIC RESIN e. Kk.hin.s. 

MASTIC VARNISH e. Varnish. 

MATAZIETTE. A name given to an explo- 
sive made in Switzerland, formed of nitro- 
glycerin, sand, and eludk. <‘oloured with ochre. 

MATCHES. ((h'r. Xiiuidholzer, Zuml/tolz- 
chen ; Fr. Allumcite ; Sw. TandMkht, pi. Tand- 
i<lickor ; Du. Zwaoehtokje, Fosfoi iis-Uokjv ; it. 
ZolfanellOf Fiainnnjero ; Da. Fvovldik ; Hung. 
Gynfa,) 

Derivation and variiLids oj the word ‘ match .^ — 
Older Eng. form.s, me({e)h(, meich, mulcke. 
machc, macche ; 0. Fr. weftche, meiche ; Mod. 
Fr. mheh^ ; Fr, mecra, mecha ; ( 'atal. mejoca ; 
iSp. and Port, mecha ; It. miccia ; perha]>H from 
Gr. ju.iji|a, L. nii/aH, /m.cn, myxn,<<, lamii-nozzle, 
lainp-wick, mucus of the nose; connected ivith 
L. muccuti, nasal mucus, whence It moceoh, 
L. mucculuny snuff of a candle. * 

Definitions. 1. {Ordirmry larujuayt ). — An in- 
stantaneous fire-producer, consisting of a short 
stem, rod, or tube, tipped at one or both ends 
with a composition or paste, inflammable by 
friction ; or (as in the earlier forms) when 
brought, into contact with ' a chemical re- 
agent. . * 

2. {Military and mining). — A cord or thread 
impregnated with combusiibh^ material, capable 
of burning along its entire length, so that fire 
can be conveyed from one ])oint to another. 
This kind' of match, which is better termed 
a. fuse, is not ignitable by friction, and may 
be ‘ slow ’ or ‘ quick,’ according to require- 
ments. 

I. Friction Matohe-s. 

History and demlopnient. Friction njatches 
are among the most useful products of the 
period immediately preceding the Victorian age, 
and afford a signal instance of the ministration 
of science to human needs. Developed in less 
than three-quarters of a century from fire-pro- 
ducing appliances of the most primitive types, 
they have been so perfected that it is difficult 
to foresee in what direction further jirogress 
is possible. 

Since the discovery of phosphorus in 1673 
by Brand, of Hamburg, many attempts had 


been made to obtain light and heat expedi- 
tiously by its aid ; one of the earliest consist,, 
ing in rubbing a particle of phosphorus 
Ixitween folds of coarse brown paper, the llanie 
produced igniting a sulphur-tipped#Bplinter of 
wood. This plan was found to he inoonveiiient 
and dangerous, and phosphorus gradually foil 
into di, su.se. After the element had been, in a 
technol()gi<;al sensi', left, severely alone for more 
tliaa a century, rcm^wi'd attempts were made to 
utilise it. One contrivance was the somewhat 
impracticable ' phosphoric taper ' (1781). This 
was of wax, enclosed in a sealed glass tube, at 
one cud of which was a fragment ot phosjihorus. 
After the tube had been dipped in warm water, 
the end remote from tlio pliosjiliorus was out 
otf with a tile, tlu' taper was withdrawn, with 
some pliosjihorus adhering to it, which spon- 
taneously nVIaiiKid. Another ajipliance was the 
' phosphor u.^ bottle' of ( agiiiard de Latour 
(IHIO), conta’uing partially oxidised phosphorus, 
some of w'hich was withdrawn by a brimstone 
match, dipped into the jiliial, and then ignited 
by friction. A ’ briquet phosphorique,' brought 
out in Ihiris in 1780, consisted of a small tin box 
containing sulphur-tipped matches, together 
with a bottle coated internally with phosphorus. 

‘ Pocket luminaries,' soon afterwards sold in 
London, and ‘ jiorkible jirc boxes ’ were similar. 
Various early de.vict's for quickly producing fire 
weri' Homborg’s ‘ pyrophoriis ’ (an oxidisable 
])owder, free from jihosphorus, prepared by 
roasting alum with flour, honey, or sugar, and 
inflamed by exposure to air), and Dfibereiner’s 
jiyrophoriiH, of similar character ; ‘ pneumatic 
trnder-hoxes,' containing amadou or ordinary 
tinder, ignited by the heat generated when air 
was compressed by a piston, such as Mollet’s 
Pump, and Lorentz’s 'light syringe' (1807); 
^ elect ropneunuiiic fre -producers ^ (invented by 
IJrander, 1778, and by Fiirstenberger, 1780), in 
wliicli hydrogen was kindled by an electric 
spark - to which category belonged Mayer’s 
apparatus . (J811) ; Volta’s ' inflammable air 
lamp ’ ; Fyfe’s ‘ hydropneumatic lamp ’ ; and, 
la.stly, Ddbereiner’s 'platinum lamp' (in which 
contact with spongy platinum, or iridium, ignited 
hydrogen gas) — with Eisenlohr’s, v. Babo’a, v. 
llomer’s, Palkl’s, Hare’s, iSchiele’s, and Bottger’s 
modifications of the same. 

The principal stages in the evolution of 
matches will now be referred to in chronological 
sequence. During the year 1804, phials charged 
with a mixture of phosphorus, wax, and oil were 
sold in cases containing also .some brimstone- 
tipped matches and a piece of cork. The matcJies 
were dipped into t-lio mixture, withdrawn, 
and ignited by friction on the cork. In 1805, 
Chancel, of Paris, ajiplying the principle dis- 
covered by BorthoUet, of oxidlLtion by chlo- 
rates in the presence of strong acid, invented 
‘ oxymuriale matches,' strijis of wood tipjied with 
a mixture of potassium chlorate, sugar, and 
gum, ignited by contact with sulphuric acid. 
In the same year, according to Nikl4s, friction 
matches containing the ekmient phosphorus were 
made and us<‘d in Paris. In 1806 various im- 
p^rof-ements iu the tinder-box were suggested by 
Phillips, who was followed by Lorent® (1807), 
with an apparatus for igniting hydrogen gas by 
the aid of an electrophorus, and with the ‘ light 
syringe ’ already mentioned (same patent). In 
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1 809, to I)©repa8, of PariB, was granted a French 
patent ‘ for a peculiar composition of phosphorus 
tnatoh lights.’ This was an attempt to render 
phosphorus more manageable and less inflam- 
mable, by( intimately mixing 8 parts, * half 
melted,’ with 4 parts of magnesia. When cold, 
the substance was described as forming ‘ an 
opaque body tit for inflaming a common match ’ 
(Description des Brevets). During tlie year 1 812, 
‘ chemical matchers,' manufactured according to 
Chancel’s invention, began to be sold extensivifly, 
a hundred for a florin, in Vienna. The sticks weri' 
tipped with potassium chlorate, .sugar, and gum. 
or with the .same iiigredumls and lycopoihum ; 
colophony, hiaizoin, tVc., were also used. 

These nmtehes. packed in smtuhiL* cases, ioireiher 
with bottles vontaimng asbestos soaked in 
.sulphuric acid (in aocordanee with a propo.sal 
made in 1812 by v. Homer, of V^mna), Averc 
sold more widely on the Continent than any 
other.s, up to the yiarr 1844. Among the 
makers were v. Homer, Peter.s, Wagner, Siegel, 
Khrlich, and Merckel. The eases w^ere known 
as '' lunl'Jenerzfugcn,' ' hr if puts phosp/io) k/ucs,^ 

‘ injlamrnahlc mntch-buxes,^ ‘ '(nslantancovs light 
boxes,' '’phosphorus boxes,' &c. ; and one foim 
was prominently sold in this eounliy as 
Kciirtncr’s ‘ Kupyrion' Violence of eomhus- 
tion, and liability of the acid t.o h(‘ sjiiited 
about, were (jharacicristies of tlu'se niateiies. 
In J81(), friction matches tipjiiMl with a com- 
position containing jfliosjihorus aic slated to 
have been manufactun'd iii Pans by l^’ranyois 
D6ro.sne, who i)y (tiiiII and others is r(‘garded as 
the first makei of (he ]>lios))horus frieiion- 
inatch. The year I82.‘l is marked liy the 
invention of the Dobereinei lam]), already n*- 
ferred to. About this time, too, wi*re used, at 
Erfurt, in rrussia, small glass IuIk*s eoiitaining 
equal quantities of ])hos])horuK and .sulphui 
carefully fused together, into which thin sticks 
or splints of wood wmv lulroduced. ea.sily in- 
tlamed afterwards iiy tiiclion. ’J’he early 
attempts to make friction matches in Haris and 
elsewhere a])])eur to have failed conijiletely ; and 
the honour of having invi'iited, in J827 or 
earlier, the first pra(*tical and useful matches 
ignitable by friction, indisputably rests ivith an 
Englishman, John Walker, of IStoekton-on-Tee.s, 
Durham {d, J85fl). Walker was an apotheearv, 
who had been pprent ici d to a local surgeon 
before starting in business as a druggist. He 
was much interested in experimi'iital chemistry, 
and for some years prior to 1827 had been 
preparing and selling, under the name of 
‘ jiercusslon powder,’ dried mixtures of jjotassium 
chlorate and antimony sul]>hi(ii', made up with 
gum-water. Eventually it occurred to liim to 
dip splinters of wood into such a composition, 
and to supply these matches in tin boxes, 
together with a pieia- of folded glass-jiaper, 
uiKier the name of ‘ fnction-hghts.’ Samuel 
Jones, of 201, ytrand, London, who from 1829 - 
1830 onwards sold imitations of Walker’s 
matches under the dosigiiatiou of ‘ heifers ’ (a 
name always repudiat’ed by Walker), iiublicly 
announced in 1831 that about a year prtwiously 
they had been ‘ lectured on at tlie Loifdon 
and Hoyal Institutions.’ Matclies resembling 
Walkei’s, but mostly 8ulphur-di])]H^d, were 
made also by Jones’s eonqietitor, (L E. W’^atts, 
in 1831 (‘ Watts's chlorate or heifer matches'). 


and by Richard Bell & Omipany in 3832 
(‘ improved heifers ’). Watts and Bell both 
‘ borrowed ’ the name ‘ lucifer ’ from Jones. 
‘ Allumeltes infermles ’ were brimstone -dipped 
matches of the same type ; and Gorman 
matches of a similar kind, but not sulphured, 
were also manufactured. H. Link's ‘ allumetks 
chemigues,' produced in Germany for the 
French market, and L. Acoleitner’s (Salzburg) 
'snellzilnder,' were of like character. Among 
French makers of matchi's of an allied ty])e 
were J. .Joseph et (’ie (1833), and A. Perpigna 
(1834). 

Though iion-])ho.splioric, Walker’s matches 
inflamed when pressed betwe ‘ii th(‘ folds of the 
glass jiaper and sharply withdrawn. 'J'hus 
igni(,abi(‘ by friction, they were the lineal anei's- 
tors of twentieth-century malchivs. 

VV'^alker at lirst used strips oi cardboard for 
fhe stems of his matches, but later lu* substituted 
splinters of wood, which he cm])lo 3 Td the pooi- 
l)eo])lc of the (li.strici to cut. 

In the 3 Tar 1828, iSamucI Jones {latcntcd the 
‘ promethean s,' a return to ilii' iirineqile of tin* 
oxymuriate match. ’’I’hese consist I'd of sliglitly 
ta])eriiig, spiially-rolled pa])cr tubes, containing 
in tin* hioader or igmt ion (‘lul a iniiiute tiisiiorm 
glass lube (not. a hull), as usuall^^ stated), 
I9T) iiini. long by I 0 niiii. AVide ANhieli 
(‘iielosed a. dark- blue liquid, shown by the 
AVTitei’s analysis to Is* eonijioM'd of suliiliurie 
acid colouieti by indigo. The glass vessel Avas 
iiiil)<‘dde(I 111 a composition, variousl^^ stated to 
contain ])otassimii cliloiate and sugar, ‘ fulmi- 
nat(‘,’ , hut. found by the writer to be com- 

posed of potassium chlorate, lyeo]jodium, and 
sulphur. Neither sugar nor fulminate was 
])reseiit in the pronietl leans examined. 

''Lueijir matehes' or ^ Inn fees,' i.e. iion- 
pliosj)horic matehes, of Walkia.'s type, AAdiieh ui- 
tlained AAdien rapidly drawn througli foldial sand- 
oi glass-]>apcr, weie followed in the earl)' thirties 
by fi'on-])h()Sj)horic friction matches, which could 
hi* Ignited, though with difliculty, by being 
stniek upon rubbers affixed, to the boues, t^uch 
wi'rc tin* friction matches made by Savaresse 
and Merckel (Pans), the igniting comjio.sition of 
which was a mixture of potassium chlorate, 
aiitimonv suljihule, sul])hur, and gum. 'J’he 
rubbing surface avjH-^ conqiosed of potassium 
chlorate, iniiiium, jiuniice, and gum. Similar 
non-phosphorn; frn'tion matclies were patented 
ill i 832 by yiegel, an Austrian manufacturer; 
and Link’s ‘ (.’hemisehe Streichfeuerzeugo ’ 
Avere of a like descrijition. Matehes, capable of 
being struck u])on the box, soon became known 
as ‘ Conyreves,' both in this country and 
abroad ; and tin* name was applied to the 
qihosphorie friction matehes which next came 
on to the market. ‘ t^ongreves ’ succeeded 
to ‘ lucif(*rs ’ ; ‘ lucifers ’ followed ‘ friction- 

lights ’ ; ‘ friction lights ' superseded ‘ chemical 
matches.’ 

It may be mentioned here that Samuel Jones 
seems to have bia'ii the flrst user of the word 
fuzee, or fu.see, as applied to a match for 
lighting pipes or cigars. But Newton, a few 
montlis earlier, applied the term to a match for 
use by ‘ smelters.’ 

Hare’s pyrophorus, described in 1831, was 
made by heating Prussian blue to redness in a 
glass tube, AA'hich immediately afterwards was 
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hermotioaUy sealed. On breaking the tube and 
throwing out the contents they took fire. 

Efforts meanwhile were being made to pro- 
duce a practicable and satisfactory friction 
match, in which pJiosphorus should take the place 
of antimony sulphide ; and this important 
result appears to have been achieved simul- 
taneously in several different places during the 
period 1831-1833. At all events, in 1833-1834, 
V. Kdmer, Proschel, and Siegel, in Vienna, 
and Moldonhauer, at Darmstadt, wore manu- 
facturing wooden friction matelics, the igniting 
eompositioiis of which (‘ontained phosphorus. 
Tlie date of v. Romcr’s jiatent wa.s January 4, 
1834. Other pioneer makers, assoeiates or 
otherwise of the above, were J’ollak and Kreut/. 
(Vienna); Anthon (Darmstadt); and Amuller 
(Waiblingen). Many of these early eonlinental j 
makers called ilieir matelies ^ eongreves.’ In i 
Eraneo, the invention of the phosphorus frieta^i j 
mateh is now gimeraliy attributed to Dr. Charles 
Sauna, of St. Dothan {d. 181).“)), wlio, in .January, 
183J, whili* a student at the College d’Arc, Dole i 
(Jura), mad(' very good tra tion mutehi's eontain- 
mg pliosphorus, but neglecteil to ])n)teet. Jns 
invention. Sauna’s churns have bi'cn well 
attested ; and it. is possible that a lumour ot i 
Ins e\|)einiients sonu'how A\as conveyed to otlii'r j 
(■(luntncs during tlie lew montlis following the 
discovery, 'l'h(‘ French Covernment in 1884 
recognised ‘ L’invention des Alliimett''s Chimi- 
(|ues ’ by a grant to Sauria of a ‘ buican. iU Uibm 
the Academu' Rationale Agneole liestowaal upon 
him a medal, and during (he yi'ar ISIMI there 
was a movement to set up a monument to him 
in Dans. The design was not earraal into 
exeeiition, however. J, J<\ Kammen'r (d. I8.')7), 
of Ludwigsbiirg, Wurtemimrg, is in Cermany 
usually credited with having invenii'd plios- 
])horus fradion matehes in 183.3 , and is said 
to }iav(' worked otit the idea during the ])revjou.s 
year ; but the iiivcntiori was not protected, and 
was piiated in every direction. Claims Jiave 
been advaiKU'd also for a young Hungarian 
student- at the VhcMiiui Polyteehnie School, named { 
Janos Ir.nyi (w'ho m 1805 was still living in soutli 
Hungary). He is allegial to have made, the, dis- 
CO very in 183.“), and to have sold Jus pioeess to 
v. Homer. Possibly Innyi’s iiiventioii marked 
an advfPiice iijion Hie tyjie yf ])hosphoric friction 
match wdiich -had alnsady begun to b(‘ manu- 
factured. Lastly, a jirofcssor at the Technical 
High School in Stockholm, Dr. .J. S. Bauge, 
between 1830-1840, worked out a method 
for procuring light by means of pliosphorus 
friction matches, and drafted directions for 
their manufacture. 

Jdie oxidising agent used in the earliest 
matches was polassiiim chlorate only, but in 
1835 Trevany partly re]ilac»d it, as being too 
violent iii its action, by a mi:*ture of minium 
and manganese dioxide. « 

In the United Slates of America the first 
patent for the invoiition of phosjihorus friction 
matches was granted in 1830 to A. D. Phillips, 
whoso Igniting composition was a mixture of 
phosphorus, sulphur, chalk, and glue. In 1837, 
V. Homer substituted lead peroxide for potassium 
chlorate ; in 1838, Preschel and Kreutz 
patented a composition consisting of phosphorus, 
manganese dioxide, nitre, * and gum arabio ; 
Beyer (Vienna, 1838) and Hiess (Vienna, 1843) 


used as the oxidising agent a mixture of miniu^ 
and nitric acid; and in 1842-3, Bottger, of 
Frankfort, recommended the substitution, 
for potassium chlorate, of mixtures of 
minium and saltpetre, or of lead peroxide and 
lead nitrate. Moldenliauer, about the year 
1838, introduced the use of calcined magnesia 
in order to counteract the effects of the forma- 
tion of hygroscopic oxidation-products of the 
phosphorus ; and chalk also (introduced in 
1838 by Ehrlich, of Prague) was used for the 
})ur]) 08 e. Preschel and Klug (1837) endeavoured 
to accomplish the same end by coating the 
match-heads with resinous spirit-varnishes. 
Bi'tween 1820 and 1840 various .machines for 
iMittiiig the wooden stems or ‘ sjnints ’ rajiidly 
and in largo (piantities, wen* introduced ; and the 
match industry has since developed in country 
aficr country until it is now of very great 
magnitude 4i,nd world -wide importance. Altliough 
111 tlu' conditions and proiicsses of manufacture, 
as wi'll as in the character of the materials 
iisi'fl ((‘S])ceially fliiriiig the jiast 25 years), 
tlu'rc have been improvcuiients and modifica- 
tions, so far-rcachiiig and gigant’c that the 
industry may be said to ha ve been l evolutionised, 
iicvertheleHs the ordniury fru tioii matcli of to- 
day is not c-^scnhalh/ different from tlie ‘ lucifers ’ 

^ and ' eoiigieves ’ made during the first third of 
1 the 15)th emvtury. Put Hie n.se of maidiinery has 
' boini greatly ext-midcd. Continuous and auto- 
mat ii; nuicliines are at tlu' juvsent time ‘widely 
and iiicr(‘asingly employiaJ ; and, following upon 
; a gradual diminution in tlie jiroportion added, 
i in only a very few countries now is white or yellow^ 
' phosphorus used at all in the maiiufaetui'e (wr 
I polity ])]). 230 and 235). In 18.55 J. H. Wagner 
recommended that less iiliosphorus should bo 
used, and ex]>(‘rimented with barium nitrate 
' and })otassium dichromate, as oxidising agents. 

The latter salt lie considered too costly, 
, and he remarked tliat lead dioxide, tliough 
more expensiv^e and no Ix'ttm*, had Himi largely 
replaced the mix! lire of minium and manganese 
di«)xide. In view of the subsecpient introduction 
and j)r(‘S(‘ut widespread use of tetraphospliorus 
trisulplude, or phosphorus ‘ sesquisul^ihide,’ 
P^Sj, it is interesting to record that in 1880, 
Puscher, of Nuremberg, introduced the use of 
phosphorus sulpliide insti'ad of phosphorus, but 
found few followers, iials (D. H. P. 89700, 
1898) also tried a fused mixtui^ of sulphur and 
I red phosphorus. For making matehes watcr- 
\ proof, Zirnmermann (1884) used collodion, as 
' an improvement on th(' resinous varnishes of 
; Preschel, Klug, Winterfeld (1842), and'Krutzlcr. 

Barker (1845), and, after him, Uaillard, 

■ api)Ued a coating of sulphur over the friction 
eom])osition, such matclu'S being found by Abel 
(1883) to bo waterproof, but somewhat difficult 
to igm((*. Hannan and Mills (18^2), for the same 
I purpose, mixed paiaffin, fatty bodies, or resins, 

I with the eomjKisilions. The inventions ‘ of 
1 Thomas (1895), Fowler and Bower (1895), and 
I Hamsdon and Hirst (1900), had a similar end in 
‘ view. ScerituKj tngndicvf^, such as gum benzoin, 

' frankincense, &c*., were often added^ to the 
i varjiishes ; and in 1854 Krakowitzer, of 
i Pottenstein, Austria, introduced a process by 
' which a metallic lustre was imparted to the 
j heads of matches ‘ dc luxef or ‘ parlour ’ matches 
(containing load compounds), by exposing them 
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to sulphuretted hydrogen gas. This process was 
modihed hy J. Cinzky in 1860, and again by 
Schindler, in 1867. A later improvement (A. 
K.iekneyer, 1879) was to varnish over the silvered 
heads with an alcoholic solution of colophony, 
shellac, &c.', to which an aniline or other dye 
was added. Thus, to obtain a gn'oniah bronze, 
Kielmeyer used fuchsino or mothy) violet ; other 
oolours employed were inothyl green, aniline 
orange and the like. 

Great as was the iniprovenient elh^etcd by 
the substitution of phosphonis for the less easily 
oxidisable antimony sulphide, there were serious 
disadvantages attending its use. The jioisonous 
nature of ph(,»s])horuH, the somewhat too ready 
inflammability of the igniting eoinpositiuns 
made with it, and especially the ‘ ])lios])h<)rus 
disease ’ (a carious affection of the lower jaw- 
bone, leading to necrosis, from whieli a small 
jiroportion of the workers M'six eialiy the 
dippers — were liable to suffer), wei’e mueh 
the m<)st important of these The jiliosphorus 
disease, first described in IS 15 by Lorinser, 
of Vienna, lias intermittently ealled lor the 
anxious attention of manufactniers and 
statesmen in most countries w'lu're wdiilc 
jihosphorus has continued to be used in match- 
making, from 1870 to the present time. Shortly 
after it fiad been found that satisfactory 1 net ion 
matches could be jiroduciMl without the use of 
yellow Jihosphorus, legislation was introdueed 
in all the principal count tk's of Kurojie and 
America whereby the use of yellow phosphorus 
in this industry was proliibited, with the result 
that phosphorus n(‘crosis may be said to be a 
thing of the past so far as the manufacture of 
matchoB is concern'd. Good ventilation, im- 
pregnation of the air of the faelorics with j 
the vapour of oil of turpentine, and seriipiilous 
personal clcanlmess on the part of the ojioratives, 
combined with particular attention to the 
condition of their teeth, were found greatly 
to diminish the number of eases of necrosis. K, 
was shown by Thorpe and 'rut ton that t he disease 
was caused by the direct action of the vajiour 
of phosphorus oxide on the bone, and 

that the characteristic smell, noticeable in the 
dipping-room of a match-factory whore white 
phosphorus was used was due, not to the vapour 
• of the element phosphorus, but to the furneB of 
phosphorus oxide. Only tho.se wairkers with 
carious teeth arfe' liable to .suffer from necrosis 
of the jaw. Hecognisiiig the bad state of 
the teeth of many of tlieir workers, Messrs. 
Bryant and May, in London, and the Diamond 
Match Oempany, Liverpool, years before white 
phosphorus had ceased to hi' used, were the 
lirat match manutaoturers to lake the important 
preventive step of establishing dental depart- 
ments, where ajl the workers could bo treated 
free of charge. This great benefit to the 
workers is still available at th(“ factories, although 
(he use of whiti' phoajihorus in Cireat Britain has 
for a long period been discontinued. In (he 
annual rejiort of th(' (Jerman inspectorB of 
factories for 1879 it w^ati.statt'd that, in that year, 
among 5721 workmen eomiiig in contact with 
phosphorus vajionrs, only nine eases of necrcisis 
were observed, six of illness, and three of death 
(Jottel, Chem. Zeit. 18S3, 7, 89). In 1884, how- 
f^Ver, stringent regulations wore put into force in 
Germany wdth regard to the arrangements in 


mateh-faotorios, especial stress being laid upon 
the efficient ventilation of the separate rooms 
in which the operations of mixing the igniting 
compositions, dipping, drying, and removal of 
the sjilints from the dipping frames, were to be 
conducted. Finally, in 1906, Germany adopted 
absolute prohibition of the use of white phos- 
phorus (.sec post, p, 235) 

In Jlenmark and Switzerland, the use of 
matches containing ordinary phosphorus was 
forbidden in 1875 and 1879 respectively; and 
only the so-called Swedish safety matches have 
been permitted to be used in Denmark since 
1875. 

Between 1879 and 1882 the use of matches 
free, from jihosjihoruN and inflammable on any 
! surface W'as allow^ed in Switzerland ; but a com- 
1 mittee appointed by tlio Deperlment of Com- 
I mcrce found that these matches wen; unreliable 
I afid ofton daiigeioiis : in 1882 the Swiss Oovern- 
! mciit passed an Act, jirolubiting the use of any 
j but safety matches: and in ItKJO Switzerland 
I Avas one of tlie high contracting jiarties to the 
! international treaty for enlorcmuont of the total 
I prohibition of ixusonous jiliosjiliorus, 

I For metboils of detecting wiiiti' jihusphoniH 
111 match conijiositioiis, .vcc Tborjio, ('hem. Soe. 
Trans. 190!), !)5, 440; Schroder, Arbeit. Kaiser. 
Gesand. 1913, 44, 1 ; Anal.vst, 1913, 289. 

hlrtorts were early madi' to use red phos- 
1 jihoruH, discovered by \ . Sclirbttor in 1845 ; and 
! (I. F. Paseli, in 1844, look out a jiatent for a red 
I ]>hosj.»liorus-}iroduct, w lueli he behoved to be an 
j ox'ide of the element : and he is by some autlio- 
j Titles regarded as the jiioneer in the utilisation of 
] red j»bos|)lioru8. It is cluiiiied lor him that ho 
(bseovered that a striking surface containing 
tins substanee could be used for matches free 
from jihoBjihorus. Matches tijiped with compo- 
sitions jircparcd with red nhosphorus Avere 
manufactured in Goiirmny in 1850, in Eng- 
land (by Dixon & (ki., and Bell & Black), 
Austria (Fiirtb, ol Scbutti'nbofen, and Foster & 
Wawra, Vienna), and France ((kiignet & Co., 
Bans), in 1851 : but they were not successful ; 
and, although improved matches of this descrip- 
tion waire pabuitod by Albright, of Birmingham, 
in 1850, and were again to be seen at Baris in 
1807, and Vienna in 1873, they did not come 
into general use, T^'e higher cost, of r6d phos- 
jihonis had much to do with this ; but, in addition, 
the mixtiiecH usihI were unstable and dangerous. 
Some ol till' earlier igniting eompositions made 
witli red phosphorus undoubtedly contained 
i excessive proportions of the element. Of late 
! years, matches of very fair quality have, been 
produced, with far lower percentages ; and 
I there are upon the market at the present time 
'■ various red phosjihorus matches, some of 
I which have been analysed by the writer. Many 
inventors of latf^ years have proposed methods 
of diiri.nishing the violence of the reaction 
betw^eon this variety of phosphorus and potas- 
sium chlorate, of loAvering the ignition tempera- 
ture of mixtures containing red phosphorus, or of 
rendering matches made with it less absorbent 
jf moisture ; such ns previously mixing it AVith 
Aim* (Kiinonet, 1893) or with sulphur (Bals and 
Gurowitz, 1890) ; Bubstituting calcium jilumbato 
’or the iKitassium chlorate in red phosphoru.s 
1 compositions (Schwiening, 1896) ; adding chalk, 
&o. (Cordes, 1898) ; coating the red phosphorus 
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with paraffin wax or some other suitable hydro- 
carbon (Akester, 1899, and Thompson, 1899) ; 
associating it with a borate or a pho^hate 
(S&fstrom, 1901) ; boiling in aqueous solutions of 
various metallic salts (Purgotti, 1902) ; admix 
turo with cork and flour (Bokmayer and Swo- 
boda, 1905) ; or with zinc oxide and chalk 
(Chera. Fab. Crricsheim Elektron, 1909). 
Schwiening'a comj)Osition was adopted by 
the German Government, in consequence of the 
weighty objections to the use of ordinary 
phosphorus. The calcium plumbato ajipareutly 
retards the explosion of the red phos]>horus and 
chlorate mixture, thus moderating the violence 
of the combustion ; but the matches have been 
subjected to somcwliat severe and genera] 
criticism, on various grounds. 

The tiocicte (Jaussemilic .Jeuno & Cie and 
Koche & Cie in 11*09 proposi'd the treatment of 
red phospliorus by di.sliJlation and filtration, fer- 
tile purjjose of ])urifying it from aenhiy and | 
alkalinity. The profluet they termed ‘ neutral | 
amorphous }ihosphorus.’ 

In 1855 Lundstrom, of lionkiqiing, (Sweden, 
acting on Botlger’s suggestion, that friction 
matches might be so made* as to be capable of 
Igniting only on an espetuaily j)re]>ared surface, 
manufactured the hrst tru<* ‘ w/ety inatchr.s^' iiy 
putting the oMdisnig mixture on the, match- 
sticlcs and red phosphorus on the box. Such 
matches ignited only when rubbed on the 
specially jirepared surface, or ‘ rubbei,’ on the 
side of the box. Liiiidst-rom’s jiroeess was 
jiatciited in Mnglaiid in 1855 by F. May, of 
Bryant and May, aiul since that date ‘ patent 
safety matches ’ have boim largely and in- 
creasingly manufactured m G-reat Jtntain. 
Matches on the sanu' })rmciple were made, 
soon after Luiidstrom’a invention, by tloignet 
k Co., by Furth, of fSe.huttenhofen, and 
other contirientaf inamifacturers. In tlu^ ‘ allu- 
mettes androgynes ’ of Bombes Devilliers and 
Dalemagne (1859), the red phosphorus eornposj- 
tion was at one end of the splint and the potas- 
sium olilorate at tlie other. The splints were 
broken, and the ends rubbed together. Field | 
(1882) adopted a similar plan. The Swedish i 
safety matches, so largely imported into this I 


and flowers of sulpbur. The oxidisabio ingre- 
dients of Cauouirs compositions, where stated, 
consisted of sulphur, iron pyrites, and various 
cyanogen compounds of lead. It is probable 
that some of the earlier so-called non-phosphorio 
matches were not altogether free |rom phos,^ 
phorus. Vaudaux and Piiignon improved upon 
Canouil’s formulro ; and other compositions for 
non-phosphoric matches were those of Lutz 
(1868) and Kummer and Gunther (Kbnigswalde, 
Saxony, 1861). Selmell (Loudon, 1861 ), Palmer 
(London, 1868), and others used lead thk)- 
sulphato, recommended by Wiederhold in 1861. 
Mayor (1865), C'. Liebig, and I’alnier (1869), 
also produced friction matches, containing, re- 
spectively, antimony su]])lnde andflead cyanide 
(Mayer), antimony sulphide and nitromaniiite 
(Liebig), and iron thiosulphate (Palmer), in 
place of lead thiosuliihatc. Jottel, m 1869, 
suggested tbo use of basic lead picrate. (Wioder- 
hold had already tried potassium picrate.) Later, 
m 1879, L. WagiuT, of Miihlheim, patented a 
mat(!h containing lead thiosulpliate, antimony 
sulphide, sulphur, and liiiely powdered char- 
coal. Again, in 1881 and 1884, 8cliwarz, of 
Gratz, patimted eoinposilions containing lead 
thiocyanate, and lead sulf)hid<‘ in ]>]acc — partly 
or (uitircly — of aiitiinoiiy sulpliide. Among other 
substanccH proposed as ingredients of non- 
l»hosphoric safety match compositions are the 
thiosulphates of cojiper and sodium (H. Peltzor) ; 
copjx'r thiocvunaic, lead elilorab', finely divided 
metallic sodium (FIctik, J8681: and barium 
chromate (Garber, 1888). 

Most of the comi>ositions for non-piios- 
pliorie, matches iiavo i)een dese.ribed by their 
inventors as ‘ ignitable by trielioii oh ordimry 
surfaces ’ ; ni some instances, however, a special 
rubber was necessary. Many of the earlier non- 
phosjihonc friction maiehes inflanu'd on ordi- 
nary surfaces with great dinieiilty ; others 
Ignited with almost ex|)losive violence, and 
most were veuy liygrescojnc. Tlie vapours of 
lead, <!yanogcn, and thiocyanogon compounds, 
evolved during tlie manufaeturo and ignition 
of such matches, were jirobably in some cases 
injunou.s. 

The more notable compositions for non- 


country, arc on Lundstrbm’s principle. I’here 
have Been comparatively few attempts to 
improve upon the safety match. Herz (1894) 
and Thimann (1894) worked in this direction. 
Viebig (1895) proposed to coat the heads of 
safety matches with a layer of the rubfeing 
composition, or with a ‘ stnke-anywhero ’ paste ; 
and Craveri (1897), also Engl (1903), described 
safety compositions and rubbing surfaces 
therefor. It is common knowledge that some 
safety matches can bo ignited, without the aid 
of an especial rubber, by frittion — with a swift, 
sweeping movement— against % smooth, even 
surface, such as glass, polished oak on ebony, 
slate, &c. 

A further step was taken in 1857 by (Janouil, 
and by H^hstflttor, of Darmstadt, in the pro- 
duction of ‘ non-poisormis safety matchesf neither 
the igniting nor the friction compositions of 
wliioh contained any variety of phosphorus. In 
Hochstatter’s matches the oxygen compounds i 
used were potassium chlorate, potassium dichro- ! 
mate, lead dioxide, &o., and the phosphorus was i 
replaced by a mixture of antimony oxysulphide ! 


I pho.sphonc ‘ strike-anywherc ’ matches, as now 
made, will next be described. 

Among the various substitutes for white 
phosphorus, used of late yeojjs in striko-any- 
w'horo matches, jihosphcu us sesquisulphide un- 
doubtedly holds the first place. Discovered by 
G. Lemoino in 1864, this compound was intro- 
duced in 1898 for match manufacturing purposes 
by H. 8bvbnc and E. I). Caheii, of Paris. Having 
regard to pre.sont conditions, it is, in the opinion 
of practical match-makers whom the writer has 
questioned on tlu' subjeel, unquestionably the 
best substitute for ordinary pltosjihorus so far 
discovered. It is nou-poisunous, yields no 
injurious vapours during the operations in the 
factory, is reasonable ui jUice, and the matches 
made with it are as sensiliv** as can be desired. 
Phos))horus sesquisulphide is a yellow powder, 
soluble in carbon disul^d'ido, and inflames in 
air at 98M)9“. This coMqiound was at first 
a(fepted in 1898 by the French Government; 
it is used for all strike-anywhere Thatches manu- 
factured in this country, and is now entirely 
used in the United States of America. 
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On the continent also phosphorus sosqui- 
Bulphide is preferred and used to the exclusion 
of all other substitutes. Scarlet phosphorus or 
briglit red phos[)h()rus patented in the year 
1902 by W. Muir, and K. K. Bell — was a 
competitor -to a small extent to sesquisulphide of 
phosphorus, but lias now entirely disappeared 
and given vi'ay to tlie more efficacious body, viz. 
Besquisulphide of phosphorus. 

Scarl(‘t phosjihorus was lirst prepared by 
Schenk by boiling a solution of ordinary ])hos- 
phoruH in phosphorus tribromide, and is chemi- 
cally more active than dark red ainorjilious phos- j 
phorus, and mflaim's at cnxa 170“, and like ! 
phosphorus sesquiKui])hjdc is non-jioisonous. | 

Several vai a'ties of light rial amorphous jihos- i 
jihorus ari' ’in use abroad ; and different com- 
pounds or derivatives of jihosjihorus have been 
patented or suggested— such as metallic hypo- 
jihosphites (Bohy, (Jallay Co., Jti{)8); liypo- 
])hosphitcsin conjunction with chromium (rioxide 
Clayton, 1899); hydrides of jihosphorus (Wheel- 
wright, 190b ami 1909; Casliglioiii, 1907); 
combinations of phosjihorus with projiortions 
of suljihur differing fiom that jiresent in 
sesquisulphide (Whei'lwnglit, 1902; Cheni, 
Kab. C-ricsheiiii-Elektron, 1902; llucli, ItlO.'l ; 
Cartenineister, 1908); and the sujqiosial sub- 
oxide B,0 (Chem fab. (rn'isheim-EIcktron, 
190.1). 'I'he last-named company has intro- 
duced (1). It. lb 153188, 1902), under the 
designation ‘ sulfophosphit,’ a product eoii-sisting 
of phosphorus, sulphur, and zinc, very int imatidy 
associated together, thi^ basis of 1h(‘, invmition 
being tlie production of metallic liypothiojihos- 
phites and thioiihosphites by the union of red 
phosfihorus, sulphur, and metallic sul])hide3, m 
theoretical projiorl ions 

Ilesidcs the foregoing, inventors have jiro- ' 
posed the use of lead thiosuljihate, associated 
with calcium siilphidc (Hraly, 18<)7), and with 
potassium dudiromate ((.riirowilz and Hals, 1898 ; 
Trachsel, 1899); copjier thiosulphate ((Ians, 

1898) ; tin thiosu!]ihate (Jones and Bates, ]8t)8) ; 

antimony thiosuljihatc (Truilhit, 1899); copper 
thiosulphate and ‘ thiocyanitc ’ ( Rosenthal, 

1899) ; miprous thiocyanate (Puigotti, 1899); 

and the like. Craven (1897) suggested tlie 
cmployiiient of jiersuliihocyanic acid ; and a 
later dipping-iiompositioii jircpared by (Ians 
(1903) contained ‘ sulfomijirobariunipolythio- 
natc.’ *• 

Various materials for the stems have been 
sugge.stcd at different times, such as eartlum- 
ware, pipeclay, bass, cotton or linen stiffened 
with chal^ and gum (Bell, 1859) ; bone (Ijctch- 
ford, 1807) ; cardboard and stiffened calico 
(dribb and Rackham, 1874) ; asbestos (Hynam, 
1874); jute and glue in a double wire spiral, 
(Byrt, 1882); wood piilji and paraffin (Moly- 
iieu.x. 1889); (ompressed jicat, turf, or moss 
(Rosenkiitter, 1891 ; ISticmcr and Ziegler, 1 892) ; 
paper (Farrel, 1890; Bowman, 1893); .straw 
(Castner and Nwoboda, 1897); straw, rushes, 
grasses of various kinds, and the like, dippeil 
in solutions of inllammable substances (Carre, 
1908) ; stems of dried leaves of nlfa or esparto 
(Schaefer, 1900), &c., &c. Frednkson in 1897 
and Larn (1907) used wooden cores for the stems 
of wax matches. Craven (1899) propo.sed as a 
composition for the tapers a mixture of ceresm, 
fesiu, calcium suljihate, zinc oxide, and potassium 


I nitrate, Steodmari (1900) patented waxed stems 
made from single strips of veneer, with one or 
more threads aiipliod longitudinally, the whole 
coated by wax ; and the present writer has 
come acro.s8 Finnish ‘ superior jiatcnt vestas’ 
(of very poor quality), with stems made in a 
similar way ; obviously t he same patented 
method. 

The treatment of the Avooden stems has also 
varied gl■eatl 3 ^ In tlu' early days of match- 
making the .splints weio usually dqiped in 
melted sulphur (v. Romer and others), to (msurc 
ready inllammahihty ot tin* stems ; and hot 
tallow, resin, and wa.x were Komotirnes used 
tor the same juirposi'. h>ul])hur-di})])ing is in 
this country only ot histone interest, but suljJiur- 
coated s[)hnts are still to be .seen occasionally in 
matches of tlu' chea]>cst and worst (juahtuxs, 
mostly of continental manufacture. Of the 
ajiove named snbstitiiles for siiliiliur, Bottgi'r 
(1843) jireteried whu li was also uslmI by 

Mentions (1857) and otliers. Later (18bl), 
Lcteliford introduced thi* use of iiu'lted jiaiaffin 
or petroleum, also a nuxtiire ol [laraffin with 
stearin and .lapaii wax. Hrucc (1803) .saturated 
the. stems with jiotassium nitrate by immersing 
tbc-m 111 a boiling solution of tliat salt, In 1891, 
Bell ])r(q)o.scd tlic use of coloured paraflin. 
Mat(;li-stems huv(‘ oc.casionally bcmi impregnated 
with camplioi. In i8<>7 resm was again ajqilicd 
by Letchtord, and CraAVitz (1873) used najihtha 
Idle instead ol sulphui. Majiplc (1881) preferred 
oil or tallow. Paraffin is now almost everywhere 
u.scd. 

Another metliod of treat mg the stems is 
widely adopted at the jircseiit time in Great 
Britain and abroad, especially for safety matches. 
It consists Ml impregnating the .stems with solu- 
tions which have the effect of jirevcntnij!? the 
wood from burning or remaining red-hot. Stems 
so jinqiarcid become cool almost instantanc'ousl}', 
and do not icadily hnsik ; there is thus less 
chaqee of the heads and liagments of tlii' splints 
falling and giving use to liriis — a iisk commonly 
present with the thin badly-cut splints (not so 
treated) of the cheaper sorts ol foreign matches. 
To rciuler the sterns unmffammablc, solutions of 
sodium jihosphate, .sodium tungstate, zinc siil- 
jiluite, alum, ammonium sulphate, and magne- 
sium suljihate have b^'cn used. Field (lft79) em- 
ployed solutions of ]»lio.s])horie acid, ammonium 
phosjihate, borax and ammonium phosphate 
together, or boraeie acid and ammonium phos- 
jihaic; Percival (1887) proposed the use of 
‘ eyanite ’ for the end held in the hand, the 
body of the match being impregnated vith a 
‘ weak gummy varnish ’ to jirevent the embers 
from falling about ; and Louisa A. Thomas 
(1891)) suggested the employment of sodium 
silicate, <> 

F. Cerken and G. Goliasch (1883) affixed 
small fr/etion-tablets to the stems, so that when 
a niateli was withdrawn from the case its head 
came in contact with the roughened surface on 
the stem of an adjacent match, and in this 
manner was inflamed. The proposals of Galy 
(1908) and Walsh (1908) were not altogether 
dissimilar. The last-named inserted the striking 
oompo.sition in a notch m the stem of the 
match. 

Tubes, to hold a single match, have been so 
oonstructed that the match on withdrawal is 
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inflamed by friction of the head against striking 
composition lining one end of the tube. The 
other end is closed. An allied device is a tube 
open at both ends, and on finger-pressure being 
apjflied to the match-stem projecting at one 
end, the head of the match is pushed past 
the striking composition lining the other end ; 
on coming into the air directly afterwards it is 
inflamed. 

To render match -stems waterproof, collothou, 
resinous varnishes, and caoutchouc solutions 
have bec'U employed. 

iieadless matches have been suggested by 
iSimonet (1893), Neuberg (181)7), Eog and 
Kirsehner (181)8-9), Buckle (1990), and HaiTner 
(1907). Matches ti])})ed at both ends were 
proposed by Scarlett (1891), Aldridge (1899), 
Botts (1901), and Nicolay (1904). ‘ Double-tip ’ 
matches, an important modern invention, are 
described further on. • 

The develo])ment of the machinery used in 
mateh-making has more than kept pace with the 
iiujirovements in tlie compositions and in the 
treatment of the stem.s. Continuous and 
automatic machines will be described in the 
portion of this artieh' devoted to iletails of the 
inanufaetunng ojiei atmiis. 

I C6/a.s.- The earliest aeemint. of the irax- 
taper as a match stem is in the specification of 
an English patent taken out by W. Newton m 
1832 ; and, according to I’aycn, matches of this 
description were first madi* in France in 1836 
by Savaiesse and Meickcl, of Pans. Wax, 
however, in conjunction with colophony, was 
used in 1832 by Siegel, of Vienna, a.s an easily 
mttammablo coaling (in place of sulphur) fiir 
the previously carbomseil sjilmts of his oxy- 
muriatc matches, in 1862 J. (’hilds recom- 
mended a mixture, of high melting-point, of 
one part of Cai^iauba wax with 9 parts of 
paraffin; in 1860 Lctchford substitutcil juto 
for cotton in the tnjiers ; and J. G. Gomez 
and J*. Franco (1889) us(‘d strips of Pnhtol 
board, immersed in a mixture of resin, .stearin, 
zinc-white, &e. Baron (1896) recommended 
wood-flbre. Hathaway (1897), Scott (1899), 
Glenistcr (1907), and others have employed 
paper in strips or coils. The use in the waxed 
stems of a wooden core has already been men- 
tioned;* and pine- wood st»«kK are very largely 
taking the placi* of wax tajieis for this class 
of match. Wax vestas have been sold in metal 
cases containing sand -paper so folded tbat,fOn 
the withdrawal of a vesta, its head is inflamed 
by friction against the sand-pajier, the act of 
withdrawal thus igniting the match. 

Ffwcos, dr. — Cigar lighters — of broAVii paper, 
cardboard, German tinder and the iiki — imjireg- 
naied with a solution of iiitTc, often scented, and 
tijiped with various igniting compositions, mostly 
phosphoric, were made by 8icgel (1832, 1835), 
V. Rbmer, and others. Of the newer kinds of 
cigar-lightcrs, variously known as ‘ flaimng 
vesuvians,’ ‘etnas,’ ‘fixed stars,’ ‘braided 
lights,’ &c., consisting generally of three jiarts 
— a stem of wood or glass, a bead or ball of 
‘ pastille ’ composition, and a tiji of igniting 
composition— one of tlu‘ first was described in 
1849 by ,1. Palmer. Grimes (1859) introduced 
wires into the composition-ends of his splints, to 
prevent the heads from falling off when pressed 
against the cigar or pipe. £tell & Black (1859) ' 


made the atoms of wire, coated with a non-con* 
ducting composition, such as gum and whiting, 
or glue and whiting or flour. Simlic tl862) 
put the composition on a tube fitted on to the 
end of the splint, and preferred glass. He also 
(1863) tried stems of slag and powdefed oyster- 
shell, mixed into a paste and calcined ; and 
wire covered with thread or cotton, dipjied in 
coloured liquid gum. Battcock (1863) made 
.stems of stone and .slate ; and Barker, in tiic same 
; year, used jiipeclay stems, tijiped at each mid. 

; Eord (1878) softened the splints by treatment 
j with caustic potash or soda, and then subjected 
tlimii to llic action of a solution containing 10 
! jiarts ot iiitri', J jiart of jiotassipm chlorate, 
and 1 jiart of sugar in 12 jiarts of water : this 
process of cour.se rendered the wood highly 
combustible. Methods of treating the wooden 
stems with alkaline and other solutions were 
jiatented hyf he Aktu'selskabiT ‘ Progress ’ (1902), 
and m tlu* previous year by A. G. Haohre. 
Evans (1882) roiKh'rcd the stems of his vesuvians 
I incombustible, by the usi' either of asbestos 
I jiamt or of sodium tungstate solution. The 
! invention of A. Hill (1904) was similar. G. A. 

! i8we<9.ser (1884) formed Ins stems of jilastic 
material mouUkid into Hie ['('quired shape and 
size round a <‘ore. In Ihe ‘ braided ’ lights, still 
manufactured to a small extent by Bryant & 
May, and 3. Palmer vV Son, the corajiositiou is 
ri'tairiod iii position by pieci'S of thin wire, over 
wliKih strands of cotton are twisted by the 
braiding machine. 'T. 3. Glanchy, in 1868, 
obtained jirovisional protection for a combined 
match and fusee, consisting of a shaft or stem 
witli a fu.sc(*-hca(l at one end and a match-head 
at the other. In J885 R. Bell, jjroeeedmg on 
, closely similar lini's, introduced the * fusoe 
vestas,’ or wax-stemmed vesuvians, in which 
j the es.sential parts of a vesuviaii are jiresont, but 
I the .stem was of jute, hcnij), flax, cotton, or a 
mixture ol some of these fibres, coated with 
I jmraflin, wax, or stearin. According to 
another jiatont of the sanu' year, this inventor 
introduced a wire core into th(‘ stems ; and 
in 1886, C. R. E. Bell devised a hollow cylinder 
or bead of combustible material, to be sold 
sejiai ately, ior apiilieation to a match or vesta, 
for use 111 a light wmd. J. .1. Williams (1895) 
had a somewhat similar idea. Salts of strontium 
and barium have somotiiiK'S been introduced 
into the comjiositions ot vesuviaTis, to cause them 
I to burn with coloured flume.s. 

Vesuvians have been almost entirely super- 
seded in this country by vestas with jiine-wood 
stems (such as the ‘ Swan ’ vestas, introduced 
by Bryant & May), and in America by tlio 
‘ doubic-tij) ’ match, invented in 1905 by the 
! Saginaw Match Company. ’Pherc is also a con- 
siderable production of matches^with cardboard 
stems, somewhat ujion the lines of the earlier 
‘ fusees.’ The ‘ book-raatefics,’ made by Bryant 
& May, are of this tyjie ; two layers, stitched 
together, of flat, cardboard-stemmed matches, 
united by the base, arc contained in a thin 
pasteboard case, wth a jed phosjihorus striking 
surface on the exterior. These matches are of 
thqjsafety class, 

JtcpcaHruj or conlivuoiis matches have been 
invented, bub liave never had much sale. The 
earliest English patent of this kind was that of 
Dove (1862), in wliieh the igniting composition 
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waa attached at intervals to a continuous band 
or atrip of matori&l, inolosod in u box. La>ter 
de vices of similar nature were those of Tylor 
(1865); Rogers (1860); Fcrlam (1800), who 
mixed the igniting composition with coJJodion, 
a strip B()®composed fitting into a case like a 
pencil case, from which it could be withdrawn 
at will; Samuel (1871); Jonas (agent, Poilet, 
1878) ; and Klein, same year. 

Cujar-luf filing appliances of a special kind. 
Many instantaneous igniters, not matches, have 
boon invented for the (ionvenienee of smokers. 
These (iontrivances, though numerous, have not 
interfered with the steady developmmit and 
increase of ike match industry ; and a lew types 
only of such inventions will lx* mentioned. 
Among the earliest wcu'e the ‘ JJ’Bleamrn Pigar- 
renzunder,’ cigar-hgliters, made by Pollnk, of 
Vienna. This ajijiliance consisted of a small, 
nitre-steeped, variously eoloured, ar^itieud iknver, 
the stalk of which was inserti'd ni a cigar. A 
little boss of igniting composition in the centre 
of the flower was inflamed by frietion. An 
alloy of the metals sodium and potassium has 
been used. A small (juantity of tlu' alloy is 
withdrawn from a ease or t ulx' by a uire, which 
is then rubbed across and ignites a charred 
wiek (1887 and 1888). Another appliance is 
simply a pocket edition of tlie old flint, steel, 
and tinder-box. A fourth device (W. J). 

Borland, 1889) is an attachment to cigars or 
cigarettes, by vliioh thi'y are easily lighted, 
even in a high wind. A minute portion of 
nitrocellulose fabric, forming a ring round the 
cigarette, is inserted under the paper, and on 
apjilymg a sjiark tlie matm-ial taki's tire and 
slowly smoulders until the whole I'tid is 
glowing. 

Automatic! igniters in which is used an alloy 
of cerium are now extcmsively sold in France, 
and to a smaller cixtent in this country. 

Statistics and Legislation. According to the 
Census of Production, 1912, the total value of 
the output of matches of all kinds including 
wax tapers, vesinians, braided lights, &o.. of 
British manufacture was in that year £783,183. 
The value of the exports of matches of the 
United Kingdom manufacture amounted in the 
same year to £1 10,000, or about one-seventh of 
the output. The annual output of one British 
company alone is at present not less than 
8,(Mj0,()00 gross' of boxes, each box containing 
on an average t)0 matches, or a total annual 
output of 480, 000, 000 matches. 

The total \’^aluc of the materials used in the 
production of matches of Hritish manufacture 
was in 1912 £427,281. The consumption in 
Great Britain and Jreland of all matches in 1912 
amounted to about 20,000,04)0 gross of boxes. 
iSafoty matchojj, coutimio to increase in jxipii- 
larity, whereas in 1899 about 18 ]).c. of the 
matches consumed M’^ere safety, and 82 p.e. 
strike-anywliere, in It) 12 the proportions were 
about 40 p.e. safety and 00 ji.c. strike-anywhere. 
Vesuvians are almost obsohMe, but small ipianti- 
ties of brairled lightsi and llaming vesuvians 
are still made Swan vi^stas, with jiine-wood 
stems, introduced by Bryant & May, 1m. ve 
virtually supplanted vesuvians, and have 
considerably reduced the consumption of wax 
vestas. 

The value of all matches (British and foreign 


together) consumed in Great Britain and 
Ireland id 1912 was computed at £1,600,000. 

Assuming that 20 million gross of boxes, 
eac'h box containing 00 matches, were so con- 
suined and taking the population of the United 
Kingdom at 46*2 millions (Census, 1911), this 
consumption would be equal to 10 matches per 
head per day of the population. 

In the United Htates of America, th^e are 
said to be mannfactiirod 31 0,260 million matches 
per annum. Assuming a census of 85 millions 
this IS equivalent to nearly 10 matches a day 
per caput. 

At the present dat<‘ (June, 1918) there are in 
Great Britain and Ireland seventeen match 
factories. By far the largest and the most 
modern are tlio.se of Bryant & May, Limited, at 
Liverjiool and Bow, London, E 

At the present time (May, 1918), owing to 
omhiion.s brought about by the war, the 
cunsumjition of matches in the United Kingdom 
IS considerably ro.stricted. The import of 
foreign matches having heeu prohibited owing 
to slnpjiing ditiiculties, pre.sent .sujijilii's arc 
re.strieted to about one-half of the normal. 

Owing to the inerea.se in the value of raw 
materials as well a.s owing to the introduction 
for reveniio purposes of a match tax, there has 
been an (‘iiormons ri.se in the value of matches. 
The tux iniroduceil in the year J9l(» umounti^d 
to 3.S, 4d. per 10,000 iiiatche.s, or on a gross 
of hoxe.s, each box oontaimng 00 matches, 
2.S. \i\Ul. per gro.s.s, the tax beung more than 
the total value of tlu; matches under pre-war 
conditions. 

Thj.s lax ha.s again Ix'oii increased, and this 
year (1918) amounts to bs. ]»er 10,000 matches. 
It i.s eslniiated that the tax at the latter figure 
will yield a sum equal to £2,000,000 to the 
exchequer annually. 

Jt will be intoiesting to recall that this is 
not the first oceasiuii when an attempt to tax 
mafcihes was made, but the .strenuous opjiosition 
of the niauufiKiturers and workpeople combined 
compelled the then Chancellor of the Exchequer, 
Mr. Bobert Jxiwe, to relinquish the idea ; and 
since that time there had been no further 
attempts to tax matebes until the jirescnt tax 
was introdueed when manufacturers and work- 
people patriotieail;j a.s.sistod to make it a 
success. 

In Russia there art^ or were 49 factories, 
in .Bweden 10, in Norway 2, in Belgium 14, 
in Germany 76, in Austria-Hungary (originally 
the chief centre of the ICuropean match industry) 
10, and in Franco 7. The most important 
Swedish factorie.s are those of the Jonkopings 
0(4 1 Vulcans Tandstieksfabriks Aktiebolag, at 
Jbiikoping and Tidaholm, Uddcvalla, Weners- 
bofg and Annebi^lrg, and these may be re- 
garded as amon| the best-equipped of European 
matclUworks. Among the principal German 
factories are those of Btalil & Nolke, at 
Cas.spl and Kostheim a./M., the Deutsche 
Zundholzfabriks Aktion-Gesellsohaft, at Lauen- 
burg-Rheinau Badon and Vordamm, of the 
‘ Union ’ Akticngeaellschaft, at Augsburg and 
Habelschwerdt, Ulm, Goppiiigen, and else- 
where. The French ketories, which are under 
the direct control and supervision of the 
Government, the manufacture of matches 
having boon a State monopoly since 1890, 
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are at Pantin and Aubervilliers (both near in Australia and New Zealand, and the Lion 
Paris), Marseilles, Begles (Bordeaux), Aix-en- Match Company in South Africa. Notwith* 
Provence, Saintines (Oise), and Tr61az6 standing excessive oompetitioa, the homo trade 

(Angers). In the United States there are 19 is, nevertheless, very large, 
companies and firms and 16 factories. As regards the quantities vi idiosplioius 
including the Diamond Match Company’s used in the malch industry, there aie^not at the 
five works in Now York, Michigan, Ohio, present time any figure.s available. Probably 
California, and Wisconsin. The Diamond aboul 4()-r»0 tons per annum were used in the 
Match* Companv is by far the largest and Biitisli Isles ever the 15 years ]irjor to 1890. 
most mliuential American company, and its 


output is probably about 75 p.c. of the entire 
production. 

By the international treaty of Berne, 1906, 
most of the countries of lOurojic liavo bound 
themselves to enforce within their BuTitories 
the prohibition of tla* use of wliiU^ or yellow 
phosphorus. 'I’lic imjxirtation and sale of 
matclicH containing ordinary iihosphorus arc 
entirely prohibited in (Iri'ni. Britain and her 
Oown colonies (since 1908) ; in Ci^rmanj^ 
Prance and her colonics, Austiia, the Nethci- 
laiids and the Didi'h Indies, l.uxemburg, 
Finland, Italy, Spain, and Swit/eriand (since 
1906); and in Deiiiiiark (since 1875). In | 
Australia the importiition is forbidden. {Siin-e j 
January i, 1912, similar jirohihif ion has been 1 
enforced in Canada. In Kh'nvay and Sweden, , 
the use of wliiti' or yellow phosphorus is for- | 
hidden in the manulaelure of matches for home , 
consumption, hut not in making niatelies for I 
export trade. As the outcome of the Con- 
ferences at Berm , iri 1905 and 1906, of repre- 
sentatives of most European Coveriimonls, the 
British Legislature on Dec. 21, 1908, passed the j 
‘While Phosphorus Matches jh'ohibition Act’ j 
(8 P]dward VJf., 1908, ch. 42), which has been i 
in operation since .January 1, 1910. With 
pniolicallj^ no exception all eivih.seil countries 
liavi' ]iroiiibited the use of y<*llow ])hosphorus 
in the manufacture of matches, and where thi.s 
lias not been aocuinplislied very stringent 
regulations luivi' been jiut in force, making 
tlio use of yellow pho.sphorus very ineonveivenl 
and difiicult to manufaeluiei.s, 'j’he United 
States passed a prohibition Act (January 1, 
191 1), and yellow phosjiliorus for match making 
is now a thing of the jiast in that country. 
The stringent regulations in European countries 
previous to the entire jirohibition of yellow 
phosphiTrus kejit down quantity used to 
6 or 7 p.c. (Dcnmurk 10 p.c.). American manu- 
facturers prior to prohibition were said to be 
using 14 to 20 p.c. The humidity and waripth 
of the American climate increased the danger to 
the workers. The extremely sensitive double- 
tip match recently introdui^cd in America 
contained quite 20 p.c. yellow jihospliorus. 
This doublc-ti]) match is now made with 
sesquisulphide of jihosphorus. 

The President of the United States recom- 
mended the imposition of a he&vy Federal tax 
in order to discourage the use of white phos- 
phorus, and the Diamond Match (Company have 
voluntarily surrendered their patent rights for 
the use of tetraphosphorus trisulphide, so that 
any match manufacturer in the United Htatos 
is free to use this compound. 

Great Britain’s exjiorts of matcht's to foi'cign 
countries are smaller tlian formerly, and her 
C/olonial trade has diminished owing to the 
estabUshment of factories in the colonies them- 
selves, notably by Bryant & May, Bell & Co., 


Mantjfactuue. 

Probably the bi'st way of convoying an idea 
of twentietli -century methods of n^anufacturing 
matches will be to begin by describing the 
operations as they are conducted in the most 
oxtonsivc and modern match works in this 
country— the factories in Jjondon and Javerpool 
of Bryant &»May, Limited, wIkj are, as already 
staf e/l, the largest British makers, and among the 
largest in the world, 'riu; ojicrations so described 
may be regarded as typieal of the work as now 
earned on under the latest and most advantage- 
ous conditions. Some account will then be given 
ol the manufacture as eoiuiuctcd iqion a smaller 
scale, and of the mori' iioti'worthy ddfcrcnocs 
and moditieations in the macluncry used, or 
processes followed, in otlu*r British, and' ^so far 
as siiaci' ])ermits— in tlie more important foreign, 
match woiks. 

9'h(' manufacture may be considered under 
the following heads: (1) Ordinary snatches: 
the nature of the wood used; making the 
match-slicks or sjilints, and boxes ; making and 
packing the matches; (2) Wax matchafi 
making the tapers ; making and packing 
the matches ; (3) Safety maichea ; (4) 
vwim , (5) ‘ book-walchoif and (6) ‘ donhk-tip ’ 
mat dies. 

1. Ordinary matches. Nature of ike wood 
1 ufteJ . — There is considerable variety in this. 

I Pino, asjien, sjiruce, lir, pojiiar, lime, willow, and 
I beech-wood arc iisi'd. Alder- and cedar-wood 
have also been cmjiloycd. Aspen, and jioplar- 
woods are imported into this country mostly 
from Russia (Riga, Libau, Windau, and 
Petrograd) ; pine, sjiruce, and fir from Canada 
and the United .States of America. I’here ip an 
increasing .scarcity of timber, especially of pine- 
wood. For British matches, the splints formerly 
were chietiy, and still are largely, manufactured 
from pine -wood : aspen, jioplar, and other woods 
have long been used for this purpose by oon- 
tincutal makers. Aspen-wood for match 
manufacturers’ requirements must bo free from 
pith and knots ; and stenis from 10 to 20 inches 
in diameter are the most servici'able. Rafted 
aspen is less satisfacti ay than unrafted, hpruce- 
wood 18 employed for the paokn^ cases, planed 
and dovetailed boards for widen arc imported 

into this country. ai.i. u 

Makiiaj the h(ixe'< and, yplinfa. Although 
some of the smaller match-makers, hero and in 
parts of the Cuntinent, still use boxes made, or 
put together, by workpe^jiplc in their homes, a 
highly important and prominent department in 
thoo leading nuinufactories of Great Britain, 
America, and continental Europe, is that 
devoted to match-box making by machinery. 
The operations, both for box-making and splint- 
cutting, begin with ‘ croas-cuttlng,’ by a circulai 
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Haw, of the 7-feot long anpon-logs into 26-inch 
len^hs. These are barked by hand, taken to 
tbo ' log-jfoeling- ’ or ‘ skillet (squelcttc) z'ooni, 
mid placed irj u sjiecies of lathe, the pcehiig- ’ 
or veneer -cutliruj machine (Fig. 1), in which they 



the boxes, arc wider than those for nplintB, but 
they are produced by the peeling -machines in 
the manner already detailed, the wood being 
Himultaneously scored in readiness to bo folded 
by the box-making maohino. They are then 
guillotined into sizes suitable for the insides and 
covers of boxes. The skillets for the ‘ oases,’ 
‘ covers,’ ‘ outers,’ or (as they are sometimes 
uncuphoniously called in America) ‘ slmchy are 
next folded up, pasted and labelled by ‘ outer ’ 
box-ma.ehines, of whieli tliere is a row on each 
side of an endless band or conveyer, carrying 
the box-covers onwards to a drying chamber, 
'rhe ‘ inni'rs,’ nr draivers of the boxi's, are made 
, by machines (laindgreii’s jiateiit), W'hieh fold up 
I tin* skillets, jiaste, and ])U])er-eoat the drawTrs, 
and similarly feed them on to a earric‘r, hy w'hich 
thej'^ an; transjiorted to a drying chamber. 
Fig. 2 shows .some of the box -making machines. 


Fid. 1 . : 

ivOg-pcihiiK or veiu'cr-caltnig niaclinic ' 

revolve against a horizontal [ila-miig knife acting 
uiKin the mitire length ol tiu' log A \eiieei is ! 
thus (Uit from the log, as wide as the rotating ! 
wood IS long, and of a thickness wliieh di'pends j 

upon eirew instances. I 

(a) Sphitln,-- It the veneeis be requiied for ' 
tlie, production of splints, the maidiiiie is adjust e<l ' 
so that the}'' arc the thicknc.ss of the S])lint rc- | 
quired — usually from 2'2 to 24 mm. for the I 
ordinary small match; if the thinner leriems, | 
used tor wooden mateli- boxes, aie desired, tlie j 
thickness is about of an inch. Cutters, I 

jilaced slightly above the jilamng knife, divide I 
the veneers into narrow hands ( -the length of | 
a mateh), or wider hands (for box-work), as ; 
required, fn the form(*r ease, tlie narrow bands, j 
divided into conveiiieiit jcMigths and sujier- 1 
imposed into [iiles of 70 or SO veneers together, | 
are passed under an allernatoly ri.sing and falling : 
knife, in a gmllolme machiiK', Which ciils them j 
into square or rectangular sjilints. 1’hese lall ! 
into a hoiqier, fiom whicii by a cyclone fan they 
are blown along a pipe into anot.lua- building, 
wdicre they an* ‘ impregnaled ’ with an acid 
amnioniura pliospliate solution and (hen dried ' 
in revolving cylinders heated by sk'iim radiators. 
Next, they aie eycloned hack to the pcehng- 
room, wiiere they are ‘cleaned’ in a " .splint - 
cleaning ’ maelus^e, ‘ straigliteiied ’ in a ‘ drai.ghi- 
entng ’ machine, and packed in trays ready to 
be fed to the match-machine. During both the j 
elcaiiing and straightening iqierations, the j 
siilints are subjeeted to a ‘ jogging ’ or oscillating ; 
motion. This deseiijition ol sphnt-making | 
applies only to the leetaiigiilar .splints, of aspen I 
and similar Avoods. The stouter and longer ! 
square mati-li-sticks, used for the large ordinary 
' and safety mali-hes, aro often cut from Canadian 
pine-wood, 'J’he blocks au‘ sawn from a deal, 
and fed into the hopper of a machine which 
cut.s by means of lancets set horizontally, instead 
of vertically. These sjilmts, after imjiregnation, 
are dried by drying-gliamber jirocess. Th(‘re 
aro two other kinds of w^oodeii mateh -sjilints : 
round-sticks and grooved-sticks. But as these 
are cut actually in the match machines, an 
account of the process will be given when those 
machines are described. 

(b) Boxen . — The thin veneers, intended for 



Fig. 2 

Woollen liox-iiuikiJig iiiaclijiics. 


The next step is tlie appliiai.m of .s.iiid to iJie 
‘ outers ’ by the ‘ sanding- m.u hi no ’ or ‘ .dimlir.' 
'rhe ‘ imiers ’ are put into tlie ‘outers’ by a 
ma/liine called in the W'oiks a ‘ tantei' In one 
room of one of I hi' factoi ies tluue aie about 1 20 
wooden-box maiiiini's. Thicker skillets arc hy 



Fiu. 3. 

Cardboard box-room 


some nianufacturei’B used for vesta boxes, and 
these are cut from spruco-wood by an ordinary 
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‘ flaking ’ machine (Day’s) : but spruce is i 
becoming scarce, and will probably be discarded | 
for the purpose. c x » f ’ 

Cardboard hox-making . — The outers < 

some strawhoard boxes are made by a machine , 
which cuts and scores the cardboard tor folding i 
pastes, and folds it into the form of a flattened 
tube, prints it above and beneath, glues and 
sands one side, cuts oil the proper lengths, and , 
ejects the iinishcd casi's at the rate of UHH) per 
minute. TJie insides are made by an equally 
ingenious machiiK* which cuts out <he j)i(*ees of 
cardboard, scores, folds uji, glues the em s, ' 
and conveys the comi»l<‘ied ‘ inmws in links 
of a travelling chain until <hey an^ dry cud 
ready for lillmg. A cardboard box lOom is , 

shown in Fig. In one room at Liverp«)ol ' 

there are 150 canlboard box-maehmos. Mio 
Anners,’ c»f (>hq)-wood, are maehine-inade, as 
above df'senbod. • 

Mdnl hoc i/mZ i/i//.— The metal mateh-boxes ■ 
used for ‘ knapsack ’ matebes are ^ made at 
Liver])ool liy a macluno invented by Farboiu'. 

Tun Manofaiturk Woodf.n Matoues. 



A. By eontiimous and automatic machinery. 

In one form of match maehine, used by Messrs. 
Bryant & Mav, tlu* ivadyamt sqnaie splints 
are fed into a liopper near tlu- trout oi ilu' 
maehine, ‘ jogged,' and pushed by plungers into i 
apertures lu the iron match-plates, or earner- | 
plates, eomposing an ('iidless chain about 1 
700 feet long. 'Jdu' cliain eoiiveys the splints in j 
enormous numbers, tqis downwards, over a hot . 
idate, then tJirougli a sb'am heated liatli of i 
melted paraffin wax (imp 102 '- 105 "F ), tern- 
perature r. 220'^F., ne\t over the dijijimg-roller, 
which revolv(!S in a trough or vat charged with 
tlic maleli eomjiof^tion, and linally over a great , 
series of drums or earner- wheels. The piTiod 
oecuiiied by this is about an hour, and during 
the passage over the can ler-wlinds the matulu's i 
are dried by the cm rents of air to wliiidi they are , 
freely exposed, d’liere are 100 matches in eaeli i 
row 'on a luatch-iilate. Having traversed the ; 
carrier-wlKsds, the dry and finished malches , 
arrive near the start ing-])mnt, arc ejected by 
Tilungers from the holes in the mateh-jilates, and 
are filleif into boxes by a ^^ox-jillituj machine, 
manufactured by the Diamond Match (’ompaiiy. 
ddiis machine neatly and regularly deposits the 
matches in the drawers or insides of the bo^es 
(to which a shaking motion is given, so that the 
drawers become filled, and there are no spaces 
left) ; sheaths the drawers in the covers ; and 
passes the completed boxes along an endless 
band to packing or nfrapping machine (Lund- 
gren’s patent), by which they are put in the 
familiar ‘ dozen-packets.’ Fight girls attend to 
a match machine ; and the daily output of one 
machine is 1000 gross of boxes, averaging 
about 60 matches to a box -- 8,640,000 ma-tches 
per diem. The machinery is continuous in its 
production, and automatic, from the feeding in 
of the match-sticks to the wrapping of the 
dozen-packets, whi(;h girls put up into gross 
parcels by hand. The gross parcels are packed 
in cases, which are nailed together at the 
factories by an automatic nailing machine 
(W. S. Doig’s patent). 

The mapliines so far desenbed yield square 


matches. But Messrs. Bryant & May use other 
match machines, also continuous and automatic, 
called grooved-stick machines. These yield 
matches with pine-wood stems, nearly circular, 
but scored longitudinally by two grooves, so 
that the stems are of the section shdvvn in the 
figure (Fig. 4). A machine of this kind cuts its 
own match-sticks from ]>ine 
bloekH, 1^ inches deep, fed m 
horizontally, hut at an angle 
of 17'^ with the front of the 
maehine. 'I’lie match sticks 
are cut from the hloclvs by 
dies whieli aet on thi' down- 
ward stroke, leaving the .splints 
.sticking up, to be gras])ed by 
their upjier ends iii apm- 
tures oi earner- plates compos- 
mg a eonv(*yer-eliam, just as in the machines 
last desenbi^fl. The match sticks, bristling from 
the under surface of tin' endle.ss chain, pass suc- 
cc.ssivcly over a hot. plate, jiaraflin-baili, dipping- 
roller, and senes of earner- wlieels, returning t() 
the foreiiart of the maehine, where tlu' linished 
matidies are discharged, and tilleil into the 
drawers or ‘ inners ’ of cardboard boxes fed to 
the tilling apjianitus by band. Tlumee the Idled 
drawers an* jias.sed along m a e.ontinuous stream 
to a levolving eiieular table, where sit six or 
endit gills to nreive and sluaitli them in the 
cases. Fifteim workers attend to a machine, 
including wra])i>ers, and I'aeh macliine jiroduces 
800 gro.sH of box(!S ot matches (averaging . jo 
matches to a box) in a day of ten lionrs. ihe 
yield of matebes j)or minute may be (‘stimated 
lit 12,000. One girl can teed the imu^hine with 
106 boxes a minute, or nearly two boxes a 
second. From the splint-cutting station of this 
match machine an exhaust fan draws out wood- 
dust and imperfect stuhs, and conveys them by 
a pipe to the boiler-house. 

'Fhc round-stick machines, which produce ilie 
eircular-stemraed, pin(‘-Wood ‘ Swan ’ vestas, 
punch out round splints, but are constructed 
.similarly to, and upon just tlie .same prinei files 
as the. grooved -.stick machines. Blocks of jiine- 
wood are fed m ; finished matches come out, 
and are automatically tilled into the ‘ inners, the 
final oiierations of ‘ boxing ’ being performed by 
eight girls stationed at a revolving circular t able. 
Dust and imperfect splints are removed in tlie 
maimer already de.scribed. One*of 
stick machines can turn out about 
vestas per diem. , 

Larger-sized matches . — For the production ot 
the larger-sized strike-any where matches and 
safety matches, with square sticks 2] inelu's long, 
the eontinuous and automatic machineiy is ot 
exactly the same kind as that used for the 
matches of ‘ rainik ’ size, with sticks 1 } me les 
long. The siilmts are. fed into tile receptacle or 
hopper of the machine, and the linished mati ies 
are deposited in the drawers of the boxes by the 
fillm<^ apparatus previously mentioned. Ihe 
drawers fiass along a channel on to a circular 
table, where the cases oivcovers are put on by 
baud The productive cajiacity of one of these 
machines nmy be eHtuimted at (S.flbO.WO matches 
ner^dav of ten hours. \v. Ainer. Pat. 3894353, 
^888 (E, B. Beecher); and Eng. Pats. 20786, 
1894 (E. B. Beecher and J. P. Wright) ; 17022, 
1896 (J. P. Wright).] 
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Fig. 6 gives an idea of the general appearance 
of a match machine ; Fig. G shows on© of the 
machines at first installed, in greater detail and 



Fin. 5 


A match ma<'hine. 


on a larger scale ; and Fjg. 7 shows a. machine 
room wilJi its range of automatic machines. 

The adoption of automatic machinery has 
wrought 80 great a change in most of the opcia- i 
tions of match making, in tlie. conditions under 
which they arc performed, and in the rate and 
amount of the output, that to describe th(‘ 
present mode of manufacture is virtually to , 
relate the particulars of a new industry. The 
advant,agc.s of the automatK^ machinery, with 
the continuous system of manufacture, are 
enormous. J’roduction i.s greater, with less ; 
labour, than in forme r days ; and the ojicrations [ 
are immeasurably more healthy for those j 
engaged. It is smircely an exaggeration to state j 
that hand laliour has beu'ii almost emtiredy 
eliminated from the actual manufacturing pro- j 
oesses. Three or four workers now produce as | 
much as 15 or 20 under the old (iondilions. , 

Examples of other forms of automatic match 
machines are Lagerman’s machine, used at 
Jonkoping (described on pp. 239-240, and Figs. 

9 anil 10), and Roller’s. 4’he last-named is con- 
structed upon the same general principles as the 
match machines already described, but it is of 
smaller dimensions and capacity. This type of j 
machine is uses’ at Messrs. J. I’almer & Son’s, , 
Maguire Miller & Co.’s, W. J Morgan & (ki.’s, 

R. Bell & Co.’s, and Paterson & Co.’s, factories. | 

Keady-cut, single-length splints of aspen-wood | 
are fed into the hupjier of the machine ; pushed | 
into apertures — 150 in a row — in an endless | 
oha*n ; paraffined ; dipped ; dried by passing i 
over a series of drums ; ilisrbarged or ‘ racked j 
out,’ and filled,.into the box ‘ inners.’ These are | 
sheathed in the covers by four workers. There ' 
are seven girls to a machine. i 

Besides the match machines described, there I 
are other continuous and automatic machines, | 
of which the ‘ Ideal,’ made and sujiplied by j 
Messrs. Sebold, of Dmt'ach, Ck^rmany, is an ex- | 
ample. Several of these machines are used by ; 

S. J. Moreland & Sons, of Gloucester. < 



Fiq. 0. 


Preparation of the Dipping Composition. 


A match machine. 


Almost every maker has his own especial mixtures, in use for ordinary matches invariably 
oomposition and way of preparing it. But the contain — (1) an oxidisahle body in a fine slate 
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of division, and Intimately mixed with (2) 
oxidising agents ; (3) cementing or hhiding 



Fig. 7. 

A nmlch machine-room. 


materiaU ; (4) certain chemically imrt bodies 
added to increaH(' Iriotion ; and (o) colouring 
maliers. la stdko-anyvvhero iittitchcH, the 
oxidisabh' or cotnbimtiblc body in general use 
is tetra]iliosp)i()ruH trisulphido. ()thcr eorn- 
bustiblc ingredients are onijiloyed, mostly 
abroad. I’hc. more important have been men- 
fioned (})p. 229-232). TJic oxidi-sing agimts 
prinei})a!iy einploy(‘d are jmtassium chlorate, 
potassium nitrate, lead nitrate, minium, maii- 
gane.se dioxide, and lead pcro\ide : potassium 
dichi ornate, ‘ oxidised miiuum ’ (made by heat- 
ing minium with nilric acid), ferric oxide, and 
litharge must atso be mentioned. In Kmglish 
matches, potas.sium chlorate is the customary 
oxidising agent, used alone or with manganesi* 
dioxide, &c. I’otassium nitiate is frequently 
present in continental mal.chcs. Glue, gum, 
gelatin, and doMttin are the hinding meilia 
mostly used: in Croat Britain glue is almost 
exclusively cmnIo3vd. V'ery much depends on 
the quality of the glue, and iG drying {inqierfics. 
Powdered glass, elialk, gypsum, and tine sand 
are among the indilTerent bodms added. I'rus- 
sian blue, ultraniiirinc, smalt, vermihon, clirome 



Fig 8. 

Composition raixing-room, Liverpool. 


yeilow\ and eoal-tar dyes are used to oolour tlio 
mixtures. 

Excepting that phosphorus sesquisulphide 
is now in general use, and that coarsely crushed 


glue is preferred to glue in large pieces or cakes, 
there is not much that is new to relate about the 
operations in the composition mixing-room. 
Tlu're arc, of eonr.se, numerous minor differences 
in the methods of mixing the ingredients of an 
igniting jiaste ; but the guuhng priiuj]»les usually 
aiv that the oxidisable body is lirst mixed with a 
portion of tin* inert subslanei's, and with part 
ol the glue or oilier hinding medium, lueviousl}' 
dissolved in water, and that the oxidising suh- 
stanee or substauees must be mixed separatel_v 
in anotlun V(‘.s.sol. with the remainder of the glue, 
tSie. Raeh mixtui'e is ])assed through a mill, 
after wlm*h the two seetions are oombined and 
th(^ M^iole mass is milled. Ail quantities are 
weighed and elii'eked, and proper jirecautions 
are taken to avoid ‘ liring.’ Fig. 8 shows a 
composition imving-room of the latest type. 
Some additional particulars, especially with 
regard to okkT methods of working, will be 
found on ]>p, 231 ct scg. The other operations, 
paraffining, dqiping, drying, discharging, box- 
filling. and packing, by autonmtie machinery, 
have already been described. 

ThK MAMlFAGTlTRlfi OF Ma’I'GIIE.S ABROAD. 

Sweden.-— The most imiiortaiit Swedish match 
manufactories are those belonging to the Jonko- 
pings ooh Vuleans Tandsticksfabriks Aktiebolag. 
The .Jonkdjung works of this company are par- 
ticularly well ])rovid(al with labour-saving 
machinery, much of it the invention of the^ 
former chief engineer, the late Mr. Alexander 
Lagerrnan. 'I’liivse mech.'imeal appliances for 
saving manual work have been in use for a eon- 
siderahle number of years, and include con- 
tinuous machinery for paraffining, dipping, 
drying, and di.sehargmg the matches, machines 
for box-filling, ‘ sanding ’ or ‘ coating ’ machines, 
and wraiqaiig machnu's. The witer is indebted 
to (diambcrlain Berndt 1 lay, the general manager 
of ilie comjiany, for the following particulars of 
the continuous machines at pre.sent in u.so at 
-lonkoping. 

The match sticks, cut and dried, are placed 
in magazines on th<‘ trout t()[» of the machine, 
whence the splints are pushed out into perfor- 
ated wooden frames, moving upwards on endless 
chains. The frames, holding the * sticks at 
one-third of their length by means of springs, 
arc brought along, one b}" one 4ipjied in melted 
paraffin wax, and then in the strike-anywhere or 
.safety-composition, as the ('usi' may he. After 
passing a lO-meliv track, to dry the matcli 
lieads, the frames return to the front bottom 
part of t.he machims where the matches are 
discharged, apiiortumed off, ami filled into the 
enifity boxes brought to t his part of the machine 
on a transporting chain, consisting of small iron 
plates. In Fig. 9 is shown some 0/ the Jonkbping 
machinery. A numher of these machiiics arc 
installed at the older of the two Jonkbping 
factories. Fig. 10 sliows one of the box-filling 
maelunes used at Jonkoping. The striking - 
surfaces, whether of sand, emery, glass, or of a 
red ])hosphorus eomposiiTion, are applied to the 
sides of the boxes by machinery (‘ sanding ’ or 
‘ coating ’ nuK'hmesj ; and the finished boxes 
are ineehanieaily wra])ped m imrcels of ten, or a 
dozen {‘ wrapping ’ machines). One of these 
machines will pack in a single day, under the 
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management of two a (Quarter of a million : large, well-equipped match- works, where safety 
boxes of matolies into finished, labelled ‘ dozen- matches (chiefly) are now manufactured on a 
packages,’ thus doing the work of IG or 17 great scale. 

hand-packers. Holland. The industry in Holland is of 

^’he Vulcan Factory, at Tidaholm, is a , comparatively small dimensions. At Loyens 
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inuchlnc used .'it Jonkoplng. (Lagermau’s Invention j 

factory at Breda, a box-filhng machine, invented Roche & Cie. (GJhent). Although there have 
by Paulson, is in use, and is said to be very , been great improvements in the conditions of 


satisfactory. 


j the industry, Belgium was behind other countries 


Belgium, 'rhe principal Belgian factory is 1 in regard to match factor^/ legislation prior to the 
that of La Soci^t6 Caussemille Jne & (^)ie. et commencement of the late war (July, 1914), 
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Germany. The match manufacture is M 
considerable proportions in Germany. 'J^ 
largest German companies, the Deutsche Zund- 
holzfabriks Aktien-Geseilschaft, previously men- 
tioned (p. 234), the Aktien-Gosellschaft fiir 
Ziindwarenfabrikation Stahl & Nolkc, and the 
Union Company at Augsburg, use aspen-wood 
for the production of both splints and boxes, 
the veneers for which are cut in a ' iieeling ’ 
maehino of the usual tyjie ‘ Inner ’ and ‘ outer ’ 
maiihincs, like those already d(\seribed, are 
cnipluyed to make the Itoxes, into which the 
dipped niatelies are tilled by a machine, similar 
in i)rincij)lc to thosi' in use at Joiikoping 'Mie 
j)roduetive capacity of the bov-lilluig or ‘ boxing ' 
machine is such that, under the sujierint.endence 
of one girl, it will yield 25,000 filled boxes in 10 
hours. After filling, the boxes are coated on the 
two narrow sides with a striking eomimsition, 
by eonveyaiRM^ on an endless band between two»[ 
revolving bruslirs, su])})lied with the eoinjiosition 
by rotating discs. The })oxe.s are next earned 
through a drying eiiaimel ti metres long ; and, 
fimdly, a ‘packing' or ‘vi rapping' maehino 
automatic.aliy assi'inlik's llm l)o\es in series of 
tim or twel\(', wia[)s these m p.iper (cut by the | 
nuicliine from a loll, and piojieiiy folded), jiastes 
the fohled llaiis, and labels tlie package 'I’he 
writer is indebted to the Stahl and Nolke Gom- 
pany for some of the foregoing iiartioulars, and 1 
f(»r fuither information iclating to the. indu.stry 
in ( {ermany. Otlim' German nianufaetories have 
been referred to on ]>. 234. One of tlie ])rincipal 
mainifaetiirers of modern typi's of match- 
making machinery is A Holler, of Berlin. A 
large part ol Ihi' as])eii-wood used in Germany I 
is imported Irom liussia ; some, however, comes i 
from native forests. But there is a growing i 
scarcity. j 

Austria-Hungary. In Austna-llungary, pro- 1 
bably the most important factory, and cmtamly 
one of tlie ohlcst, is that of Bernard Burth, at 
Schutteiihofen, in Bohemia, established in 182S. 
The founder is bt.ited to ha\e been the first to 
use red ])hosphoriis as a substitute for white or 
yellow phosphorus, and in lS5t 55 he sent into I 
the market matclKxs with red phosphorus in the j 
rubbing surface on the box --thus adopting a i 
suggestion made by Bottgei. 'I’liese lirst , 
matches ftf thi* safety type w^e not conmenaally j 
successful, however, and it was not until in j 
1855 LundsU’om improved the invention, tiiat 
the ‘ safety match ’ ol the jireseiil day becaiiic,a 
practical match 

France. 'I’lm jiruci'ShCs and macliinery in use 
at the two cliK f State factories iii hTanee aie 
here briefly des( iilied. In the match factory 
at Aubervilliers, twenty automatic maeliiries, 
invented by H. StAeiio and U. I). Gaheii, are em- 
ployed. One of these machuie^, worked by only 
three operatives, can produce *111 10 liours 
50,000 boxes of 50 linishod maiclirs, onuboiit 
15 million boxes per annum. For the same out- 
put in the old days twenty vairkers would have 
been required 'I'he I'Temdi machinery is con- 
structed upon the same general principles as 
that Already described. >Splints, fed into a 
receptacle by hand, fall from a vibrating hopjier 
into 1 10 grooves of a liorizontai iron ]ilate, to be 
expelled by a plunger at every stroke of the 
machine into corresponding grooves of a charger, 
bridge, or transporting table, having a backward- 
VoL. IV.— 7’. 


^nd-forward motion between the horizontal plate 
and a vertical part of a long, endless band of 
carrier plates — the carrier or ‘ presse.' Each 
earner plate is 2^ inches long (in the direction 
of its journey), 48 inches wide, and is iierforated 
by live rows of equidistant circular lufles, 110 in 
each row. The diameter of an aperture is equal 
to tlie side of the sipiare section of a match-stick. 
When the charger approaches the ‘ pressc,' a 
jilato or ' follower ' rises behind the grooves and 
])re vents the sticks from receding. The splints, 
being longer than the width of the charger, pro- 
ject beyond its edge, and are pushed into the 

1 10 holes of a row in the carrier jilato. 3'o pre- 
vent bemling and breakages of tlio sjilints, a 
horizontal jilatc presses upon the grooves of the 
chargor, which retreats empty to receive its fresh 
load, 'riie endless band moM's along, bristling 
with s])lmts, winch are carried, over a liot plate, 
and througlT a jiaratfiniiig-bath, secondly, 
through a sulpliur-baih, and thirdly over a 
rotating grooved cylinder partially immersed in 
the igniting composition or ‘ paste.’ 1’hence the 
conveyer chain travels many yards, for the 
drying of the matches to lie effected; and, 
liiially, at the end of the cycle of ojierutions, 
[iluiigeis expel from the holes the liiiishcd 
inatclies. 'J’hese fall, m regulated series, into 
reco))tael(‘s, whence [iistons lill them into boxes, 
fed into the maelimc by an operative, but 
mctluimcally opmiod and shut. 

Ill ranee, the splints are made of Russian 
aspen and Breneli willow, the former being pre- 
ferred. Bireli and poplar are used us well, 
'Phe timber is sawn and cut into splints at 
.Saintines. ‘J'ailour’ and safety matches are 
largely manufactured at Bardin ; wax stems or 
tapers only at .Marseilh's. 

Norway. 'I’he chuff matcli works in Norway 
is the factory of the Nitedals 'raiidsticksfabriks, 
near (ffiristiama. Kig. 1 1 shows Archil's box- 
lilling machine (Imndgreii's jiatcnt) m use at 
most of the Euio|>ean factories and in many 
parts of the world. 

America. An aeeomd lias already been 
given of the jirescnt conditions of the industry 

111 the United Stati's of America, and of the 
Diamond Matcii Company’s machinery, used in 
the .States by that comjuiny, as well as in Great 
Biitaiii by Bryant & May. 

Japan, in Japan, a cuuiitrv enjoying at 
one period a virtual monopoly of the markets 
ill the Bar East, there are about 150 factories. 
Three-fourths of the workers, 25,000 in number, 
are women. Osaka and Kobe arc the centres of 
the industry. As long ago as 1892 matches 
ranked fourth among the articles exporter! from 
Kobe, and 111 the following year many new 
factories were established 111 .Japan, with the 
result that the output and export of matches 
enormously mer(*ased, and continued to expand 
until about six years ago. Dejiression of trade 
set in, and in JtGO seventeen factories 111 Kobe 
and thirteen at Osaka for a while suspended 
ojicratioiis, with the result that the output fell 
off considerably. The ii^ost. formidable com- 
petitors of the Japanese are the Swedish and 
Ausg-ian maiiufae-turci'K, who have encroached 
j upon the markets m the Ear East. Phosphorus 
j and sulphur matches are manufactured at Osaka ; 
} safeties at Kobe. The production of wax 
! matches is almost entirely a household industry. 
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In the year 1909, the total export of matches, 
from Japan amounted to 41,407,083 gross 
valued at £1,186,738. During the first half of 
1910 there was a decrease of 40 p.c. in tiu^ export 
as compared with the corresponding period in 
1909. There has been an enormous increase in 
the production in recent years. , , . 

China. In 1007 there were three factories 

;n the Canfon (hsirint : now therr arc works in 
Pekin, Hankow, Tientsin, yhanghai, and other 


towns. The largest works are at Hankow with 

i Hitherto the match industry has 

> not prospered in the Indian Empire, but it has 
pointed out that the natural advantages 
of the country, such as jilcntiful timber, .cheap 
, labour, and inexpensive water transport, justiiy 
: a belief that the. iirospeets of success are good, 

' provided that ilw mdiisiry is dove oped 
piojier ]iiic.s. India might ultimately secure 



Fig. 11. 

Arelm’s (Lundgren’s patent), box-fllUng machine. 


some of the considerable trade of the Tersian 
Gulf, at presept enjoyed by {Sweden. 1 

2 Wax matches. The tapers for those aro | 
made as follows: from 60 to 100 strands of 
cotton, of about 20 threads each, are led from a 
bale, through a measuring machine and guides ' 
arranged at a convenient height, into a steam- 
iacketed tank, containing a mixture of stearin 
and gum copal or gum dammar, thence through ^ 
perforations in a <i**^w-plate, and afte^^ar^ , 
over a ‘ dramng drum (Fig. 12), b-I^ ■ 

diametoT, revolving on an axis, by hand or 

'the tapers are led back 


again through tho bath to a similar drum on the 
opposite side of” the tank, and by winding 
alternately from one drum to the other, they are 
made to i»ass 6-7 times tlirough the bath, until 
the cotton has a coating of fat just sufficient to 
allow it to pass through holes in a suitable 
gauge plate. The tapers lastly pass through a 
perforated hot plate, which imparts a polish to 
the surface, and are again wound on to a drunp 
from which they are fed to a ‘ wax-match 
machine’ of tho above-described contmuous 
typo. In this machine, patented by the Dia- 
mond Match Company, the tapers are out mto 
stems of the usual length, and inserted lu spaces 
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(in which th^ are held in position by brass I In this class of machine the tapers are caused to 
springs or clips) in the sections of an endless advance between two feed rollers covered with 
carrier chain. By this they are conveyed over | caoutchouc or other elastic material, and having 
the dipping roller. Of course, neither the ! an intermittent motion, their rotation at each 
steam-heated plate nor the paraffin-bath is in ; revolution of the driving shaft, or movement of 
this case emjiloyed. The heads of the wax j the treadles, being througli such an «,iigle as to 
matches are dried by tlie journey over the 1 advance the tapers the required distance under 
carrier wheels, and the finished matches are i a cutter or cutters working in a vertical plane in 

1 front of the feed rollers. The dipping frame 
(which will hold 0400 stems (80x80)) is held 
I immediately in front of a perforated plate 
I through wliich (when the machine is worked) 
the cut stems are pushed, so as to rest on a lath 
' of th(^ frame ; the fraiiU' is now lowered, and 
' the next lath is drop})ed into iiositjpn, to receive 
•a row of tut stems, immediately the treadles 
I have bi'cn pressed down. When the frame is 


Fig 1 

A drawing drum. 

automatically filled into the drawers of the 
boxes. I’lieso pass on to a circular table, where 
girls put them into the covers or outcis— just 
as in the wood-match macliinc.s, Fomc wax 
matches, however, are filled into the boxes by 
hand. Each wa.f-niateli maclune yields about 
3 million matches per diem. »Some nmnufne- 
tui'ors, Messrs. Falmcr Si Son, fur instanei^, still 
use the fraine-di])])mg method for wax maltmes. 


Fig. 14. 

Wax-taper rutting and llllint machine. 

filled, the stems are dip])ed, on one side only, 
I in the striking eomjiosition. At Messrs. Palmer’s 
factory, the dippi'd frames of wax inatclies arc 
i dried on shelves in a square chain her, heated 
I ! by steam pi])es, and with a jiaddle fan in the 
, ' centre. The ‘ racking out ’ is effected by hand. 

• ,, , 1 (For wax match maoliinery, v. patents of 

• Beecher and Wright (180.1), Harfreaves & Clegg 

Fto. 13. , (1800), Pickles (1800), Wicssner (1000), and 





Taper-making room. 

The taper is then either cut into lengtlis, which 
are bundled together and cut into vesta stems by 
a pivoted knife, the stems being afterwards filled 
into dipping frames by a small filling niachme 
(Day’s) worked by hand or steam, or 00-100 
strands of it are wound upon a small drum, and 
passed from it through guides to a ‘ cutting and 
filling ’ machine of the land indicated in Fig. 14. 


Harvey (1001).) 

3. Safety matches. All that has been stated, 
with regard to tin* processes of manufacture of 
ordinary matches, apjilie^to safety matches, ex- 
cepting the .seotion on dipping compositions. 
Many more ingredients have been and are used 
[ for*safoty match compositions than are added 
to ordinary match pastes. So far, safety 
matches for the most part have been made 
with rod phosphorus in the rubbers only ; but 
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attempts, mostly unsuccessful, have been made 
to raanufaciuro matchos, more or loss of the 
safety type, but without phosjihorus, cither in 
the heads or ru))berH. The best-known English, 
Swedish, and other safety matches belong 
to the '’first class. 'Phe igniting com- 
j)ositions of ordinary safety matches usually 
contain, as an oxidisable ingredient apart, 
of course, from the red pliosjihorus in tlic 
rubbers —grey antimony sulphide, with or with- 
out sulphur ; charcoal, too, is occasionally added, 
rotassiurn chlorate, potassium diehromate, and 
minium arc the ordinary souree.s of oxygon, but 
manganese dio.xidc and nitre are also used: 
glue IS the ^ sual hinding medium. Colouring 
matters are seldom added to sahdy match pastes. 1 
which are usually black. 

Certain safety maUdies, made abroad and 
imported into this country, bearing on their i 
boxes the legend ‘ Utaii swafel o(^i phosjilior,’ j 
some years simie were analysed m the writer's ] 
laboratory and found to (smtain much auljihur. ] 

4. Vesuvians. 'I’he mauufaetunng iiroeesses | 
for cigar lights, fixed stars, braided lights, and I 
the like, difier little from the methods in use for ! 
ordinary matehes. The stems, however, are I 
generally of alder or other hard wood (when not 
of glass, &e.), circular in seidion, .som(‘time.s 
braided and wired, and shorter than ordinary I 
matoh sticks. Comparatively few braided lights | 
are now made. Single workers are now em])loyed i 
occasionally in tins branch of the imlnstry, | 
which used to engage the services of seore.s ol j 
hands. 'Die dipping frames are smaller, usually ! 
filled by hand, and eontam from IGOO (40x40) i 
to 2000 short splints, which are dijijied at one i 
or both ends. Two distinct compositions are j 
used : the jiastille or hurtling eompositmn, I 
used for the head or ball ; and the igniting or j 
striking jiaste, with winch the head is tip|>ed. j 
The {lastille i'om])o.sition is a mixturi' of nitre 
with charcoal (or coal- or coke-dust), glass- 
powder, gum or glue, and some seeiitmg in- 
gredient, such as cascarilla bark, safmwood, ! 
gum benzoin, lignum vital, dte. The steins are ! 
dippc'd more than once in this composition, until | 
the heads are of the roipiired size, and a final j 
dip in any ordinary striking composition is given j 
to the heads after they have been dried. The i 
early ‘ fusees ' (of brown jiajicr or cnrdboaid, j 
impregnated with nitre, tijiped with sulphur, &e.) 
gave jilace to vhsuvians, which in their turn have 
been largely superseded by wax matches, and 
those are being supplanted by -^une-stenimed 
vestas. It will be seen in the next section that 
cardboard stems are at the present time once 
more used for certain sorts of matches (r/. 

‘ book-matches '). 

5. ‘ Book ’ matches. The.se, in one resjieet, 
are an interesyng reversion to some of the veiy 
earliest types of matehes, and to the original i 
‘ fusee ’ ; the stems are of cardboard. Two i 
layers of such matches connected together at 
the base are fastened in a little flat liook, ilie 
pasteboard covers of which carry a special 
striking surface. Tlv?so matches are of the 
safety type, striking only upon the prcjiared 
surface ; they are manufactured by maclunes I 
which automatically jirint the cardboard, cut it 
into combs, dip the teeth in the igniting com- 
position, fold up, stitch into books, and affix 
to the outsides the special striking composition. 


[y. Engli.sh Patent of Diamond Match Co. (C. H. 
Palmer, and J. W. Denmead), 21788, 1899.] 

0. ‘ Double-tip ’ matches. Double-tip matches 
have boon manufactured in some form for 
many years and the so-called ‘ Vesuvian,’ 
‘ Braided Light,’ and ‘ Flamer,’ were all double- 
tip. More recently, however, this idea has been 
ajjplicd to the ordinary match, and the genesis 
of th<5 application is ])erha])s to be found in a 
[u-oposal of K. and D. Maguire (1898), according 
to which a large flamo-producing head consisting 
of a com[)ositi()n containing no phosphorus, 
highly mflamiiiahlc, but not ignitable by fric- 
tion, IS tipped with a cap conijioscd of a white 
])hos[>horus hearing comfiositiou rcailily ignited 
on any striking surface The cap which is 
applied by a .second dipping may contain (> p.c. 
of white phospluirus (hut this, of course, has 
now been sujiersedi-d by a composition containing 
•e.s(piisul])ludc of phos])horus), SoiiM'what simi- 
lar suggestions were tho.sc of Lindner (1899), and 
the Saginaw xMatch Company (11)05), 'i’he last- 
named company, which in Aineiica is credited 
with having originated tlio doublc-dip matoh 
fornioily us(hI for the Imlky jiart of the head, a 
dctonahle coinjio.sition, consisting of an ordinary 
stiiko-anywhcic ‘ ])ailour ’ match compound, 
containing about 0^ ji.e. of white phosjihorii'’., 
and for the cap or tip a noiseless and iion- 
detonahlo composition containing no less than 
22 parts of white ]»hos])horus. Matches of this 
character strike with delightful ease on any 
surface and virtually without iioiso. But the 
large quantity of white ]>]ios|)horu3 which was 
present was an obvious objection. The use of 
white ])hos|)horns for doiiblc-tip matehes has 
now, ol cour.se, been .siijiersedod by tlio inocuous 
sesquisulphide of jihosphorus, and the cajis or 
tij)s of the douhle-ti]> inafclu's are now entirely 
made with the latter body wliilst the bulky 
part of the head is made with a similar comjiosi- 
tion to that employed on the safety match and 
IS not ignitable by ordinary friction. Double- 
tip matches have become vm'y jiopular in America 
and have to an enormous extent taken the 
place of the ordinary strike -anywhere ‘ [larlour ’ 
matches. In H)09, d. E. State jiatented a jiro- 
cess for producing matclios of an allied type, by 
dqiping them successively iii a material ignitable 
by fncthui, and iriga, material not so ignitable. 
’riie latter is then pushed back by mechanical 
means, such as a series of rollers, so as to leave 
oxJio.sed a portion of the striking composition 
at the extreme tip. 

The strikin'] siirfnees or rubbers. For 
ordinary matches, mixtures of sand, glass, 
emery, and the like, with glue or gum, spread 
on the paper with which the sides of the 
match-boxes are coated, form convenient 
friction surfaces ; metal gratings, tablets of un- 
glazed porcelain, and porcelain or metal plates 
with parallel ridges very close together, are fre- 
quently employed ; and practically any rough or 
uneven surface — even cloth — can be made to 
answer. The compositions used in the special 
rubbing surfaces for safety matches are very 
various ; but the ingredients chiefly present 
are red phosphorus, antimony sulpliide, and 
powdered glass, made into a paste with glue. 
The antimony sulphide is sometimes omitted, 
and manganese dioxide is not infrequently added 
to safety rubbers. 
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Among the patents for match striking or 
rubbing surfaces may be mentioned those of 
Neuberg (19418, 1897); Craveri (27520, 1897); 
and Prestwich (23048, 1904). 

Older Methods oe Maeufacttjre. 

The complete process of manufacturing 
wooden niatclies formerly eom])ri8od the follow- 
ing separate and distinct ojierations, carried 
on for the most part, or at all events very 
largely, by hand labour: 1. ‘ 8curling ’ ; 

2. Cross-cutting; 3. Sb'ammg; 4. Splint 
Cutting ; 5. Drying the S|)bnis ; <>. Filling the 
Dipping Praiues or C<»ils ; 7. Paralhning 
(originally Sulphuring) ; 8. Dij)]>ing ; 9. J)rying 
the dipjied s])lmts ; 10. ‘ Paying out,’ ‘ Racking 
out,’ or ‘ Hacking off ’ : 11. Halving (sometimes 
also called ‘ cross-cutting ') ; 12. ‘ Roxing ’ ; 13, 
Packing. It has been shown tliat nearly all the 
work can he, and in the more ('xtensive faetones 
is, carried on auiomatieally by continuous 
machinery ; but in some smaller establish- 
ments the operations, or most of them, arc still 
performed by the old ways. 'I’be tliree mam 
operations are s])lint-('utiing, dijijmig, and 
drying, but a summary of tlu' entire older 
]u'ocess will be given. 

Splint- cutting. The planks of wood, usually 
12-13 feet long, and 3 mebes Ibiek liy 1 1 inches 
wide, wore first of all treed irom irn-gnlanlies 
and roughnesses by the operation calleil scurjing, 
knives or cutters, rotatory or otheiwise, cleanmg 
and smoothing the surface. The ])lauks were 
then croNS-ent into blocks or lengths 4| inches 
long X 3 inches thick 11 inches wide. An 
ordinary English match-splint, to yii'ld two 
match-stems, 2J inches long, was 4| inclu's 
long, so that the pieces cut off from the plank, 
measured in the •direct ion of the grain of the 
wood, had just the length of a splint. Unless 
tlie wood wert' newly felled, and therefore samiy, 
these bl(K‘ks must next be stvam(‘d (third opera- 
tion) for about 20 minutes. They were then 
taken to the ,s})hni-cniUmj machine (fourth 
openuion). Very many forms of such machines 
were invented, but only three kinds were at all 
generally used in the United Kingdom. The 
two earlier tyjies of splint-euttmg machines 
were the ioothtwj machiiTo and the Jlaking 
machine. The toothing maclune answered well 
for ‘ clean ’ wood, such as pine-wood, but was 
not adapted lor poplar, asjicn, &c. The 
‘ vertical flaking ’ machine is suitable for coarse- 
grained and even knotty wood, requires little 
skill in working, and is capable of cutting 050 
bundles of splints in a day. The earliest 
machine belonging to the third class, or com- 
bined ‘ tuolhi'ng and jlakh.n ’ machines, was 
invented by Tillctt ( 1 859), A machine, which 
for London work to a great extent suj^Tseded 
the foregoing kinds, was Paco and Howard’s, 
and was an improvement upon Tillctt’ s. Some 
years since, all English and nearly all foreign 
match-splints were square or rhombic in section. 
Round splints, such as were yielded by the 
early machines, were comparatively rarely seen, 
excepting in Vienna. But at the present time, 
as has been shown, round-stick matches, such 
as the pine vestas, and grooved-stick matches, 
are extensively used. Vesuvians, also, usually 
are round-stemmed 


245 

Splints made from previously separated 
veneers are now very largely employed, and 
many of the later machines for splint-cutting 
have been upon this principle. Some occoiint 
has been given {c-f. p. 239) of Ing-pj^eling and 
splint-cutting machines ; and this must serve ; 
merely a reference can be made to the numerous 
patents for splint-cutting appliances taken out 
during the jmst 14 years. Some of these inven- 
tions relate not only to splint-cutting from 
veneers or otherwise, but to means of assembling 
the .splints m coils, plates or otlier holders ; 
also, in certain eases, the splnit-cutting is 
described as the initial stage of a jiroccss of 
continuous manufacture. • 

Tlie next ojieration is tlie diyuuj of Hit ml 
’riic sjilints were formerly always made 
into Innidle-'f and tlien dried. Now they are 
sometimes tj^rown loosely into large trays and 
dried by exposure to warm dry air. (8wedisb 
splints are dried in wiri'-gauze cylinders 
revolving within a brick stove.) The dried 
splints are ready for the operation of filling 
the dtjipiuij cknnp-i or frames (sixth opera- 
tion). ITior to the use of dipping frames, 
there were the so-called ‘ bundle-dipped ’ 
and ‘ block-dipped ’ matches. In the earlier 
days of match-making, ‘ dqiping-boards ’ were 
sometimes employed, ‘Frame-’ or ‘ clamp- 
dqiping ’ was introduced in 1849, and its adop- 
tion, which by degrees became general, elTected 
a great .saving of timii and labour. 'J’he dipping 
clami»s are square frames with sides consisting 
of iron rods, on to which slip laths, (‘acli having 
grooves on its upper siirfai'C, and being lined 
with felt below, fl’lie match-splints are firmly 
held in the grooves by the pressure of the felt. 
Eaiih frame holds 3900 s])lints, which, dipped at 
each end and halvctl, will yield 7800 matches, 
'i’he dqqimg frames were at first filled by hand, 
but Hynani (1850) and Bell and i.{rimes (1854) 
invented machines for the purpose. Improve- 
ments followci], and in 1805 Simlick introduced 
self-acting machinery, driven by steam power, to 
produce the various movements of these frame- 
filling machines with greater rapidity and 
economy of labour. 

Ill 1870), E. B. Beecher, of New Haven, Con- 
necticut, invented machinery to replace frame- 
dipping, by ‘ coil ’-dipping. This system of 
working having been introduced into the largest 
English inatcli-works, effected* great and, in 
many respects, bcneficia] changes in the method 
of manufacture ; and coibdip})ing, where it was 
adopted, for wooden matches entirely superseded 
frame-dipping. It is not adapted for the manu- 
facture of vesuvians. 

In Beecher's original machine (Eng. Pat. 
4293, 1870) the splints were so delivered from 
a hopper as to bo set at regular intervals be- 
tween the coils of a long flexible ta})e band, 
or belt of cotton webbing, about the thickness 
of a splint, but cotisidcraf)ly narrower than its 
length ; this belt was continuously wound upon 
a short cylinder or drum adapted to a rotat- 
ing mandril or axis, until a coil, or bundle, 
or frame, of the desired size was completed. 
Thft end of the binding tape was then secured 
to the preceding coil by a pin or otherwise, the 
drum and coil of match-splints thus bound upon 
it being now ready for removal from the mandril 
for dipping. Being separated from each other 
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by the thickness of the webbing, and by an 
interval the width of a splint between every i 
two splints, the splints individually received the ^ 
proper proportion of composition when dipped, 
and could »1)0 conveniently dried in the coil. In 
an improved form of the machine (1887), ' 
Booclier employed an auxiliary or secondary 
band in connection with the first, for the ' 
purpose of holding tlic inatch-sjihntH more ^ 
securely. 

The match-splints, having been arranged , 
for dipping in one or other of the ways do- ' 
scribed, acctirding to the older nndhod noiv 
being dcacribcd, arc ready for parcffinimjt or 
‘ the first, dipping,' as it is sometimes called 
(seventh ojieration). 'I’he frames ans put on 
a table, and the splint-ends are levelled, if 
necessary, hy taps with a piece of wood ; 
they are afterwards heated (to facilitate ab- , 
sorption of the jiaraffin) by ajijdicalion to , 
a hot iron jdate, and then immeised in melted 
paraffin contained in a shallow steam-heated iron 
tank. Both ends of tlic splints are thus treated. ' 
tSometimes the operation is (‘ilecti'd in a brick 
stove, on the top of winch are three shallow, 
flat-bottomed, sipiare pans, one serving for 
the preliminary heating of the splint-ends, the 
second for the parallining, and the third for the 
subsequent dqiping in the igniting composition. 

In all but the most inferior matches, jmrafrin- 
ing has entirely superseded treatment with 
sulphur. 

8. Dipping, rho usual constituents of a 
matoh-ignitiiig comiiosition liave already been 
enumerated (pp. 2118, 2'M), and are mixed in 
the following manner, 'I'he glue and potassium ! 
chlorate or nitrate are dissolved in warm water, 
and the phosphorus (assuming that the worker 
is in a country where it is still legal to use it) is 
then added to and stirred in the liquid (wlmih 
should be of a syrupy consistence and at a tempo- 
raturo of about 88°), until a perfect emulsion 
is obtained The rest of the constituents, pow- 
dered glass or sand, colouring matters, and me- 
tallic oxides, if present, having been previously 
‘ milled,’ are now added, and thoroughly mixed 
with the emulsion. When, as is now generally 
the case, a substitute for white phosphorus is 
used, it is at first intimately mixed with part of 
the glue solution and inert materials only ; the 
potassium chlof'.ite, with the rest of the ingre- 
dients, being added laler. The whole is finally 
put through a mill. 

Eor the operation of dipping, which — in 
manufacturing upon the older lines — is performed 
by workmen in a scjiarate apartment called 
the dipping-room, the emulsion is ladled from 
a steam- jacketed iron pan on to the dipping 
plate or table — generally a shallow, flat-topped, 
iron box, kept hot by steam admitted to its 
interior. ITie composition is spread over the 
plate, and levelled to the required depth by a 
puge or ‘ strickle.’ The ends of the splints 
in the tilled frames are then dipped in the tliin 
layer of igniting composition. After the splint- 
ends have been dipped, the frames are placed 
in racks to dry. ^ 

Dipping by hand, as already described, is 
most usual m working upon a comparatively 
email scale ; but the igniting composition is 
sometimes applied by the aid of cylinders or 
rollers, partly rotating in hot-water jacketed 


cases, receptacles, or boxes containing the 
mixture, endless chains conveying the frames or 
coils over the rollers. And it will have been seen 
{ante, pp. 237, 238) that this system is generally 
employed in the newer, automatic, and con- 
tinuous methods of manufacture. Bevelled 
wheels and other devices (L. Urion, 185()) have 
also been used for the purpose. 

y. Drying. 'I'lie frames of tipjied splints are 
])laoed on sujiports or racks, either m the open 
air or in the drying-room — an apartment main- 
tained during the summer at a suitable tem- 
])eraturo by fans or otherwise, and in damp 
weather and winter kept warm and dry by pipes 
convoying steam or hot air. 

10. Laying out; 11. Halving; and 12. Box- 
ing. 'I’he 'headed’ and dried sjdints are next 
taken out of the frames or coils, as the case 
^uay he. The operation is usually termed 
‘ laying out,’ ‘ racking out,’ or ‘ racking off,’ and 
in hlnglaiid is sometimes effected hy hand, if the 
establishment bo not very extensive. The nuts 
and crosspiece at the top of a clam]) are removed, 
and then lath alter lath is lifted and the row of 
double-tipped siilints beneath deftly withdrawn. 
Laying out is also performed mechanically, the 
machines ot Sehold, Hchnetzer, and others being 
used, especially abroad. In the case of coil- 
di])pcd s])hnts the process was called ‘ unwind- 
ing,’ and differed, of cour,»e, materially from tlie 
methods ajqilicahle to frames, lleechor (1877) 
invented a machine which simultaneously 
performs this operation and the next, ‘ halving,’ 

‘ cutting-down,' or ‘ cross-cutting.’ 

According to the oldi'r met hod, for framo- 
dqiped matches, handfuls of the laid-out, 
double- headed splmts were divided, ‘ halved,’ or 
‘ cross-cut,’ generally by a ])i voted or ‘ lever ’ 
cutting knife, and the rcsiiltin^f matches were at 
once boxed (?.c. jiut into boxes) hy women, who 
became exceedingly dexteious in taking up 
haiplfuls of s])lints of just the rc(]iiircd number 
to fill two boxes. 'I’he ojierations of halving 
and boxing, where white phosphorus was used, 
caused more loss by ‘ tiring ’ than any other 
part of the proceedings in a match factory. It 
has been mentioned that the loss during boxing 
or tilling IS rpiite trivial under modern working 
conditions. And, ^ith the continuous manu- 
facture, there is now no halving. 

'I’ho writer is under obligations to Messrs. 
Bryant & May, and to Messrs- Bridwell, Ham- 
mond. Tarrott, Marchant, and CTowther-Bcynon 
for help in the preparation of this article. 

E G. C. 

MATE V, I’ABAauAY tea. 

MATECERIC ACID. An acid obtained from 
tlie wax of the yerba mat6 {Elaeodendron 
quadrangnlatum) (itciss’). When the' solution 
obtained by exhausting the leaves of this 
plant itith ether, or better with ether-alcohol, 
is treated with lime, then filtered and evaporated, 
a waxy residue is lelt, which may be freed from 
chlorophyll by treating its ethereal solution 
with animal charcoal. This solution, agitated 
with water to remove caffeine and other 
substances, and evaporated, leaves the pure 
waxy matter, which, when boiled \vith aqueous 
potash, partly dissolves, leaving a residue 
soluble in ether, much more butyraceoua than 
the original substanoe and separable by treat- 
ment with alcohol into an insoluble yellow 
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transparent substance, and a soluble portion 
which is white and melts at o5®. On neutralis- 
ing with hydrochloric acid, the alkaline solution 
obtained by saponilicatiori of the wax, mato- 
ceric acid, is obtained as a white precipitate 
which has acid ])roperties, and is soluble in 
other and in boiling alcohol. It melts at 105®- 
110®, and has a density of 0'8151 at 26®. From 
the results of its analysis, it does not appear to 
belong to the aiictic scrioa, but its molecular 
weight is very high (A rat a, Gazz. ehim. ital. 
1877, .366). 

MATEZITE. A saccharine substance ob- 
tained by Girard from Madagascar caoutchouc ; 
wlien treated with hydriodic acid, yields methyl 
iodide and iHafezo-daiuhose, an iHomende ot glu- 
i!o.so. ( Irystallises in radiating nodules. Rota- 
tory power 6.5 ; m.p. 187° (Girard, Gompt. 

rend. 77, 996, and 100, 84 ; ( ’ombes, (hid. 110, 4(>|j 

MATICO CAMPHOR i\ (JAMrnoR. 

MATLOCKITE. A lead oxychloride 
Rb(1,-bb() 

of a yellowish colour, found at ('romford, near 
Matlock, Geibyshirc ; sp gi. 7 '2 1. 

MATRASS. An egg-sha]icd glass vessel with 
a narrow neck, used by the older ch(‘raists, 
mainly for sublimations. 

MATRINE ('ibH.jGN,. An alkaloid occur- 
ring in the roots ot A'o/i/mm /Iwcmvow (Ait.). 
Is a monoacidie tiu’tiary amine. Of the two 
nitrogen atoms, one lorriis a lactam ring with a 
carboxyl gnuip and is changed to an imiiio- 
group by liydrolysis with alkali, niahinu: mid 
being formed. For its salts and derivatives, 
,sec HeizabniA Kondo and co-workers, J . Rharm. 
Soo. .fapaii, 1921, 659, 1047. 

MAURITIUS piEMI v. Oleo-hesins. 

MAUVANILINE A base isolated 

by Girard, l)c liaire, and (Jhappolot, from the 
insoluble nsnlues obtained in the maniifatj-ure 
of ro.sauiliiie (Zeitseh. (diem. 1867, 2.36). 

MAUVE or MAUVEINE i'. Azines. 

M AYNAS RESIN or CALABA c. Resins, 

MAZOUT. Rebroleiim residue used as a 
fuel oil, usually by atomiHing by a jet of steam 
after pi^heatmg above the flash-point. 

MEAD or HYDROMEL? An alcoholic drink 
prepared by the termcntation of honey. Well- 
made hydromel has a colour between that of 
champagne and Madeira, is fine in flavour, Und 
contains about 1.3 p.c. of alcohol, 

MEADOW ORE v. Limontte ; also Iron. 

MEADOW SAFFRON V. (JOLOHICUM. 

MEAT EXTRACTS, HistorkaL It is well 
known that extract of meat juonsists of beef tea 
evaporated to the consistency ^ a thick syrup. 
It therefore contains the whole of those con- 
stituents of meat which are soluble' in hot 
water. 

It was first correctly prepared in 1821 by 
Proust, by whom, in conjunction ^ith Farmen- 
tier, it was very highly recommended as a 
stimulant quite as valuable for the strung and 
healthy as for invalids. In 1847 Liebig, in his 
celebrated treatise on ‘ Researches on the 
Chemistry of Food,’ moat warmly approved of 
Proust and Parmentier’s extract, and subse- 
quently made every effort to popularise the use 


of the preparation. The attention of many 
men of science, but more particularly of the 
medical profession in Germany, was attracted 
to Liobig^s abstract scientific researches into the 
nature of moat, and it was ascertained that 
extract of meat was of great usefulness in 
medical cases. 

Ill consequence, the Kxtracium Carni.'t was, 
without Liebig’s as-sistance, introduced into the 
Bavarian Pharniacopajia of 18.56, and from that 
time all Bavarian a[)othecaries were legally 
bound to keeji the extract in stoc-k, or to make it 
wdien required, just as any other drug. From 
Bavaria the knowledge and mi'dical use of the 
extract .spread over the whole of Ci'rmany, but 
its nmnufacturc remained confined to pharnia- 
ceuiieal ehemi.stH,Hnd its use. to the siek-chainbcr. 
Liebig, on the oilier hand, while fully appreciat- 
ing the clinical iniportanoe of the extract, and 
furtlu'r endeavouring to irniirovc the aliinonta- 
tioti of sick persons by various modifications of 
this invention, proposed to bring meat extract 
into oonimcrce as an article of food, and to make 
its manufacture the object of industrial enter- 
prise on a large scale. Bis endeavours wore, 
however, without siieci^s.s until, early in 1862, 
George C!hnstian Giehcrt, an engineer, well 
acquainted with the meat-producing districts 
of South Amcnoa, went to Munich to receive 
instruction m the method of preparing the 
extract by Liebig himself, aided by von Pet- 
tenkofer, and then returned to Uruguay and 
establi.shed a manufactory on a considerable 
scale. In Novembiir, 1864, the first samples of 
Giebert’s manufacture arrived at Munich and 
their quality far exceeded the expectation of 
Liebig. He consented to Giebert’s proposition 
i that the extract should hear the name of the 
inventor, on condition that it should always be 
i free from fat and gelatin, and that each con- 
i signnuuit should be subjected to a gratuitous 
analysis by him or his delegate. 

3’he industry lias nourished and immense 
areas of l.\nd are farmed to produce cattle 
required for the manufacture of meat extracts. 

I 3’akc, lor example, some facts connected with 
j the enterprising company l.o which Liebig gave 
: permission to bear his name. The Liebig’s 
Extract of Meat (Company farmed, m 1868, some 
j 28,494 acres of land, and the total herd of 
I horned cattle reared on this area was 12,000. In 
I 1908,' the acreage was l,,302,;i86%.nd the number 
I of cattle 224,406, and in 1922 the acreage was 
i 6,250,000, of which 2,500,000 acres are in South 
I Africa- -the total head of cattle carried on 
; these areas being approximately 600,000. 

' Bulking as the figures may be as illustrating 
the enormous expansion of the cattle -rearing 
industry, they become still more impressive when 
regard is paid to the fact that t^e cattle are no 
longer, as in Liebig’s day, and according to his 
own words, ‘ half-wild animals,’ but are bred 
from the choicest pedigree stock taken from the 
farms of our best English breeders. 

Each animal is allotted about 6 acres of 
pasturage. The averag* daily amount of grass 
j consumed by one animal is 88 pounds ; a nerd 
i of •250,000 would therefore consume per diem 
22,000,000 pounds of grass, or approximately 
10,000 tons. Thus the yearly consumption of 
grass would mean not far short of 4,000,000 
tons The composition of pasture grass. 
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according to the average of a 

large number of 

analyse-s, is as follows : — 



Per cent. 

Water 

. 80-00 

Proteins with a small quantity of 

iiilrogenouH extractives ^ 

. 3-50 

Fat .... 

. 0-80 

tVirboliydrates 

0*70 

Fibre .... 

4 00 

Mineral salts 

2-0() 


too -00 

3’his means tor a luud of 

2.“)0,000 bead 0 

cattle ])er a iood \i(‘ld in 

the iorm ol grass 

ot the lollowing f(nantitii‘s <4 i 

ts imlividual solid 

constituent s : — 



'I’oiis 

Protein or th'sh-fornnng .subsiami's 140,000 

Fat .... 

32,000 

Carbohydrates 

. 388,000 

Fibre .... 

. 1 00,000 

Mineral salts 

80,000 


soo.ooo 

Balance due to SO p c. of WMter 

in grass . 

3,200,000 

3’otal . 

4,000,000 


Smularly, ilu' uniiual amount of wat<‘i coiiHumecI, 
based u'li ilie faet of ono animal lequiiinp: 30 
litres per day, would amount to 700,000,000 
gallons per annum for the herd. These ligures 
refer only to the stock of one eompany. The 
Argimtine, Uruguay, and raraguay rejuihlies are 
immense fodder-yielding tracds, and the meta- 
morphosis of grass jiroeeods stcaddy and 
uninterruptedly ilay by diiy on a colossal s<'.de. 
There arc occasions when the ordinary grass is 
supplemented by ‘ Alfalfa,’ a rich elovei- ei»rr(‘- 
sponding to our lucerne and containing a good 
[iroportion of nitrogenous food. 

Method of manufacture, in principle the 
line.s laid down by Liebig, which he eonsideied 
essential to suece.ss, are still follon(‘<l by fJie 
Litdug Company. In the Inst place, the meat is 
hung in the cooling halls for 12 or more houis, 
then the fat and sinews are carefully removed, 
and the meat is fed to chojijung inachine.s with 
revolving knives From the chopjiing machines 
the meat emerges in chunks, which droji into 
mincing machines especially eon.strueted Jor the 
purpose. The meat emerges from these machine.s 
as mincemeat, and is then traiisfmTcd to the 
extracting pans, each i^apable of holding about 
4 tons, in which it is left with its own weight of 
pure filtered water. After the addition ol more 
woiter the mixture is heated to a temperature 
not exceeding 90'^’ by moans of steam jackets. 
During this tiiri' fat continuously rises and is 
skimmed off. The more or less clear liquor 
is then run off and the woik of concentration is 
commenced. Fat is again .skimmed off until at 
length the extract or soup is ])racticaUy fat-free. 
Concentration jiroceods again ut vaevO, and 
during evaporation i& twice filtered before 
passing into the final concentrator, which is fitted 
with a revolving worm through which low' 
pressure steam is jiassing. Constant stirring 
during the linal stages of evaporation is essential 


to secure uniformity in regard to consistency 
and composition of the finished extract. The 
.treacly mass is then run off while hot into 
JOO lb. tins, cooled, hernietically sealed and 
dispatched to the European blending factories. 

The extract is finished within .3 days of the 
death of the animal. 

One thou.Hand ])ounds of lean meat, treated 
upon a manufaetuiiiig scale, furii'shes 31 Ihs. of 
extract. A standaixl extiact manufactured as 
described contains an average of J8‘25 p.c. 
moi.stiire, 01 A p.c. of organic matter, 20‘25 p.c. 
of mineral .suhstaiici's, and yit'hls an alcoholic 
extract, of .'>7 p.c. 

It should l)e as tree as possible from gelatine, 
fat, and coagul.ihh' or insoluble albumen, liy 
tar the griaitej' proportion of the meat consti- 
tueiit.s, iiainely, the lihiine, gelatine-yielding 
tissue, and f.it is thereloie rejected in the pie- 
f^aration ot extract. 

Lemco, a tyjucnl first grade extract, has the 
folloAvmg com]>os]tion ; — 


Water 

Per cent. 

. 20*03 

(.trgaiiic matti'i .... 

. 38*32 

Miiu-ral matter .... 

21*43 


JOO '00 

TJir wincrnl Wdlh r ; 

( !i)m billed clilormo 

1*88 

IMmsjiliaics as P^O^ 

. 0*00 

77/e ou/ttme i/i<iller foiitii ni-'< : 

Total nitrogen .... 

0 45 

Di.sf) ihniioii of Uu ioioi vitwi/i'ii : 

Nitiogeii in tibiine and alhnmen . 

0*14 

„ meat bases soluble 

in alcohol 

3*1)4 

,, meat bases imuhied 

insoluble in alcohol 

0*70 

„ gelatine 

0*02 

aihumoses 

1*73 

,. peptones . 

i*17 

Ammoimiral nitrogen . 

0*03 

(!reatine . , . . 

0*45 

. 1 *85 

('reatiiiine .... 

. 4*05 

Total . 

. 0*80 

Eat (ether extract) 

. 0*12 


The meat ba.ses eoiLstituting the essential part 
ol the extract contain ereatine, creatinine, 
xanthine bases, carnme, carme acid, and other 
complex orgaiiiq bodie.s. 

Reference may be made here to the ratio 
betweeiV the creatine and creatinine in the 
above analysis which is as 1 ; 2‘(). The creatine 
of the meat ha.s been altered to the anhydride 
creatinine by loss of water during evaporation. 
Experience has shown this to be reversed on 
storage, water being taken up and creatine again 
formed 

Whilst all commercial extracts are essen- 
tially of the same character, the proportions and 
derivation of the various constituents differ. 
'The following analyses in Table I. may be taken 


1 Nxti-2:.. 
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as represpTiiing the composition of the loading 
moat extracts on the British market : — 

Table I. 

Average composition of 

Bovril for 
Hos- Inva- 
pital lidsfcii- 



Oxo 

Bovril 

Uxo 

riched) 


p.c. 

p.c. 

pc. 

p.c. 

Water . 

40-42 

44*09 

28-35 

29*03 

Crgamc matter 

40-42 

38-05 

55-12 

54*30 

iMineral matter 

19-10 

17-20 

10,53 

JOOl 

l<K)-0() 

JOOOO 

lOO-OO 

100-00 

The mineral matte) coniains : 



Combined ehloiiue 

0-70 

(.-07 

5 (m; 

4 23 

Piiospliutes as 

2 09 

2-48 

2 41 

3 -21 

The organic niath 

/ ( onlains ; 


8 4*’ 

I'liial niirog(Mi 

5-95 

5-82 

8 37 

Di.stnhnUov of th 

1 total nitxHfe)) 



Nitrogen in libnuo 
and albumen 
Nitrogen in iiu'at 

0-88 

J-00 

J*5J 

] 89 

bases soluble in 
aleobul 

2 11 

2 *3(1 

.> o r, 

2-()(; 

Nitrogen in meat 





bases rendeied in- 
soluble 111 aleohel 

0 50 

o-(;o 

0 70 

0-77 

Nitrogmi in gelatine 





and bydiohsed 
gelatine 

1-21 

1 03 

2-87 

2 *52 

Nitrogi'ii ill albu- 





most'H 

0 21 

0-20 

0 0 

0*J4 

Nitrogmi m jieji- 





toiies 

0-07 

0-49 

0-98 

0-42 


5-91 

5 80 

8 31 

8 40 

Crealine . * . 

1 -1)5 

1 -05 

1-70 

1-75 

l-'rcatiinne 

J 01 

1-44 

1 37 

1-52 

'J’otal . 

9-20 

3-09 

3-13 

*3*27 


A ju'uftnc lias ausoji of mixing moat 
extrads \vi(li cxtraids oi yoa.st. Tlio extiact of 
j'east has valuable diototio jirojioitios and 
contains the active principles of huiiiontation. 
It alsoj’osemblos, in many roH])ects, jihysioally 
and chemically, but not fn taste, extraet of 
meat. Ttie additum of more than 2 p.c, of this 
to a meat ( xtraet imparts a distinctive taste. 

Aeeording to Wiley tlie presence of yiftist 
extract in meat extraet can be determined 


colorimeter for making the colour com- 
parisons. 

The test is carried out as follows : With good 
quality extracts 5 grams are dissolved in water 
and the solution made up to dOO c.c. 

Creatinine. 20 c.c. of this solution are 
taken for the determination of creatinine, viz. 
0*200 gram of extract. To 20 c.c. of the solu- 
tion in a 500 c.c. flask are added 20 c.c. of picric 
acid solution (saturated) and 5 e.e. of a 10 p.c. 
caustic soda solution. 

The mixture is shaken and allowed to stand 
exaetly 5 minutes, and is then made up to 
500 c.c. with [Hire watm* at 18*^, and-its cohjiir 
compared with that obtained trdfSi a standard 
solut ion of jiotassinm dii liromate (24-5()5 grams 
pm* litre). 

All c<)lorimetne readings are made witli a 
Dubosq eoio’imeter, liaving the left-hand 
cylinder iixed at exactly 8 mm. depth of 
biehronie solution. 

'J’lie following readings were obtained : — 

8*2 mm. S 1 mm. 

H-2 ,, 8-0 ,, JulYe’s formula 

8*1 „ 8 0 „ 8-1 1)81 -OOlO-OO mgms. 

8-1 ,, HJ ,, creatinine, 

8*2 ,, 8*1 „ tblHI mgms. found in 

— — 0-2 gnu. 

S-J() „ 8*0() „ 

Avciage 8*11 mm. 

0 2 : 100 : : 0 0000 : a* 

a;— 4 00 i>.c. creatinine. ^ 

Total creatuune anil rrealrnc. 15 c.c. of the 
extract solution (5 grams in 500 c.e. water) 
—0*15 gram extraet, are jilaeed in a porcelain 
basin 8 cm. diameter, and 10 e.c. of normal 
llCl (J c.c.~0*03(i5 gram IJCl) added, and 
slowly evajiurated to diyness on a water-bath 
taking at least 2 hours lor tlu' (‘vaporation. The 
residue is dissolved in 15 c‘.c. of water, then to 
the <‘ontentH in th(‘ basin 20 c.c. jncric acid are 
added, and 5 c.e.. of the caustiis soda solution. 
The mixture is stirred uith a glass rod, and 
exactly after 5 mmutes' standing trunsforred to 
a 500* e.e. flask, the basin being washed out 
Hi'veral times into the flask, and tlic liquid made 
up to 500 c.e. at 18^. The following readings 
were obtained - 

8*4 mm. 8*5 mm. 

8*4 ,, 8*0 ,, Jafltc^s formula 

8-5 „ 8*0 „ 8-49)81*00(9*54 mgms. 

8*4 ,, 8*G ,, creatinine. 


by treating the mixture with a strong solution 
of ziiie sulphate and tilUsnng. In meat 
extract the hltrate obtained is always quite 
clear, but when a yeast extract is present the 
filtrate is turbid, llehner ^ipplied the Folin 
reaction for the estimation creatine and 


8*4 „ 8*5 „ 9*54 mgms. found in 

0*15 grm. extract. 

8*42 „ 8*50 „ 

Average 8*49 „ 

As 0*15 ; 100 : : 0*00954 : a*. 
a;=ri)-30 p.c. , 


creatinine in meat extracts, and as yeast^extract 
contains neither creatine nor creatinine, The test 
is of importance in determining the source and 
value of a meat extract. 

The Folin method for tho estimation of 
creatinine is a colorimetric one, ba.scd on the 
fact that creatinine gives with picric acid, in 
presence of alkalis, an orange to deep red 
solution, the intensity of the coloration 
depending upon the amount of creatinine 
present (Zeitsch. physiol. Chem. 1904, 41, 
22H). Folin recommends the use of Dubosq’s 


fi-.lO p.c. acid treated. 

4*09 p.c. creatinmt!. 

1 *37 creatinine due to creatine. 

1 1 0 factor for converti^^g creatinine to creatine. 

1 -37 X 1 *10 = 1 *5892 creatine. 

•(Jorrected results : 

Creatinine . . . .4*99 p.c. 

Creatine . . . . 1*69 

0*58 
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In carrying out this test care must be taken 
to observe all the details as regards : 

{a) Stnuigth of solutions employed ; 

{b) Time of contact ; 

(c) Dilwtion of original liquid ; 

{d) l)e])tli ni mm. of the unknown solution 
shouUI be within tlie range of 7 mm. and 
0 mm. ; 

(fi) 'Temperature to boas near as possible 

With extracts that yield low creatine and 
creatinine figures it is neccHsary to treat the 
extract before applying the test. lO-hO 
grams of thi' substance are dissolved in the 
.smallest bull^ of watm ])ossibie. Then 20(1 e.e. 
raethylatial spirits ari^ addial a.nd allowed to 
stand for 12- lb hours, tiltnnal, the alcohol dis- 
tilled off, the i-esiduc dissolved in water, and 
made uji to 100 e.e., an aliquot ])art not exceed- 
ing 20 e.e. being t aken for the estiii%:i.tion. 

It has been pointed out by>' .lalTe (Zeitseh. 
physiol. (Ihem. ISSb, 10, .'lOl), and more 

recently by A. (I. (Jha])maii (The Analyst, hlov. 
1909), that other substances, sm'h as acetone, 
dextrose, and laivulosi' reduce piciic acid and 
produce the same coloration Whim the 
presence of any reducing substance other than 
creatinine is s'usjiceted, ])reliimnarv treatment 
with methylated H])irits is desirable. S< <• further, 
CKBATitsTF/and (Ikbatininf, Vol. If. pp. 410 and 


portion of the extract soluble in ethyl alcohol 
80 p.c. by volume. 2 grams are weighed out into 
e small Soxhlet flask, 9 c.c. water added, and the 
extract dissolved without warming, 50 c.c. 
al(;ohol (93 p.e. ]>y volume, sp.gr. =0-8234:) 
slowly added Avith gerille shaking, allowed to 
stami over night at 17^^ 18'’, and then carefully 
I ]ioiired from tin; tast-sticking mass into a 
weighed porcelain basin 7b mm, diameter and 
34 mm. di'c.p ; the alcohol is evaporated slowly 
on a wator-liath at 70°-75°. In order to 
priivent creeping the basin is placed on a layer 
of flannel over the Jiole in the hath, or in a 
copper basin soldm-ed into the iqiening in 
the hath and bal ing a layer of sand between the 
eojqier and ])oreelam basins. Meanwhile to the 
insoliihh' mass in the flask 50 e.e. alcohol of sp.gr. 
0 • 8(539 (80 p.c. by volume) are added with gentle 
shaking n,nd allowed to stand at 17° until the 
first alcoholic solution is I'vaporated when the 
second poifion is decantt'd into the basin, and 
this again evaporated until the contents have 
i the eonsisteney of honey. The basin is then 
dried at 98'^ in the water-oven for exactly b 
hours, cooled 20 minutes in tlie desiccator, and 
quickly weighed, 'fhe extraction temperature 
must i)i‘ vithin 17°-I8°, or variable lesults will 
be obtained. 


Methods of analysis. I’or tlui examination I 
of coinmereial Jiigh-giade extiaels thi- following j 
metl^id IS ajijilied. | 

In some meat extiacts during the cooling in | 
pots, cryslals and other solids settle to tlie , 
bottom before the mass becomes somi-solid, I 
consequoiitly the material must be well mixed 
without warming before analysis. i 

Water. 2 grams are evenly spread by means , 
of a glass rod round the inside of a jiorcelam 
crucible 37 mm. high and .>5 mm. wade on top , 
to within 10 mm. of top edge ; diied for 3b ' 
hours in a watcr-ovim at a temperature of 97°, 
cooled for 20 minutes, in a desiccator ovei vitriol 
and quickly weighed. A Moslinger’s cellular 
W'ater-oven is best for this class of w'ork. 

2 grams are weighed in a platinum 
basin and slowly burned witiioui th(^ hasin 
becoming visibly red. The burner employed 
has a round cover 7 eni. in diameter with 28 
holes, each 1 iiAii. in diameter. Aftei- carbonis- 
ing, the mass is crushed twice and the a.sh 
obtained should be a greyish-white without 
showing fusion — too strong or too quick ignition 
will cause loss. 

For absolutely correct ash estimation the 
basin is put on an asbestos sheet to protect the 
contents from sulphurous acid of the gas, or 
better still, burned in an electric furnace at 
fl-B amperes dlit-il the ash is ck-ar grey. 'This 
is weighed wdieu cold and washed into a Biiiall 
beaker, acidified with nitric acid, and warmed 
until the light brown coloured matter coagulates. 
Filter and use the filtrate for the chlorine esti- 
mation, wash the carbonaceous matter from the 
filter into a small erucilfle, diy at 105° and w^eigh. 
Deduct this carbon from the former weight to 
get the true pure ash. 

The chlorine is estimated in the acidified 


(lENEfiAi. Analysis oe Meat FxTRAcna. 

Modified Stutzer method. 30 giams are 
w'cighed, dissolved in water and marie up to 
250 c e. A fan average sanqile is thus obtained, 
and all ('.stimations nece.ssary can be begun the 
same day. 

Moisture, (’ksined jgmti'd Calais sand is pul 
into a flat nickel basin 9 cm. in diameter along 
with a small glass stilling rod until tlir; whole 
w^eighs exactly 100 giarns. Dfied in sti'am oven 
until weight is constant, then 25 c.c. extract 
solqtion addcil (- 3 giaims extract), stirred 
amongst the sand, evaporated until granular on 
a water-bath, traiisfened to a steam oven for 
30 liours, cooled and weighed. 

Ash. 25 e.e. (=3 grams) evaporated and 
carboni.sei]. Owing to the quantity of carbon- 
aeeou.s matter the estimation of ash cannot well 
be made direct, lierme the charred niasR has to 
; be extracted three times with boiling w'ater, and 
filtered through an ashless filter paper into a 
porcelain basin, the char and filter papier burned 
oflf in the platinum basin, and the filtrate put 
back in the platinum basin, evaporated, dried, 
ignited gently, and weighed. The ash is 
dissolved in cold water, acidified with nitric acid, 
made up to 250 c.c., and used for estimation of 
chlorides and phosphates. 

Chlorides are estimated gravimetrically in 
60 c.c. • 

PhOfphates are estimated by the molybdate 
and magnesia mixture method in 50 c.c. 

Fibrine and already coagulated albumen. 
25 c.c.(=3 grams) are diluted and settled in a 
100 c.c. cylinder over night. The top liqind 
decanted and the residue either transferred to a 
counterpoised filter, washed, dried at 100°, and 
weighed, or the residue transferred to a centrifuge 
f.nlip w«.Hbp.d. and the nitronen estimated by 


filtrate from the ash gravimetrically, as phos- KjeldahTs method. 

phates interfere with the volumetric estimation. Soluble albumen. The decantarions from the 
Alcoholic extract. By this is meant that above are acidified with aoetio aoid, boiled for 
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6 minutes, settled, filtered, and weighed or 
treated by Kjeldahl 's process. If the total fibrine 
and albumen together be required, then it is only* 
necessary to acidify 26 c.c. of extract solution 
diluted to 100 C.C., with acetic acid, boil for 
v5 minutes, settle, filter, and either weigh at 
100" or estimate by Kjcldahl’s method. 

Gelatine. 25 c.c. of extract solution (—3 
grams) are poured on to aaliestos fibre in a 
small porcelain basin, evaporated to dryness, 
extracted with 93 p.c. ahiohol three times, then 
with ioo-cold water containing 10 p.c. alcohol, 
until the decantations arc free from colour (tlu; 
temperature must ni‘V(*r ri.se above 6 '). 'PIk* 
gelatin is either dissolved and washed from the 
asbestos and tri'atial by Kjeldahrs piocess, or the 
asbe.stos and gelatine m.ay be ))ut direct into the 
Kjeldahl Hash. With some extracts it is better to 
take2r> e.e. extrae.l solution, and, without eva])oi‘^ 
atirig, add 250 c.c. methylated spiiit, stand S 
houia, decant ofi alcohol from the sticky ma.ss 
and wash with 10 p.c. ice-cold alcohol until 
free from colour, then treat by the Kjeldahl 
method. 

Total nitrogen. lO c.c ( -1*2 gram extract) 
are treated by Kjeldahrs method direct 

Meat bases soluble in alcohol. 25 c.c. ( 3 
grams extract) taken in beaki'r, 250 c.c. absolute 
alcohol added with constatd slirriug and .settled 
for 12-10 hours. 'The- nlcohol passed througli 
filter into a 500 c.c. round- bottomed llask, the 
residue washed twice with 25 c.c. alxsolute 
alcohol, and the alcohol distilled off, standing 
the flask inside a water- halh. fi’he meat bases 
are then treated by the Kjeldahl ])roee.ss in the 
flask without transteronce so as to avoid loss. 

Residue insoluble in alcohol. The m.soluble 
residue from the absolute alcohol is dis.solved in 
water on the water-bath. A fi'w drops of aeetio 
acid added to coaijulate the soluble .Llbumenoids, 
then boiled and lilteriMl into a 250 e.e. llask 
for the estimation of gelatine, albumo.se.s, jbiid 
peptones. The residue on the filter, eon.si.st- 
ing of fibrine and albumen, may be treated 
by Kjo Idald's method as a cheek on former 
estimation. 

Total nitrogen In gelatine albumoses and 
peptone fraction. 50 c.c. of the 250 c.c. taken 
for the •Kjeldald process. ^ 

Albumoses and gelatine. 50 c.c. iff the 250 c.c. 
are taken in a porcelain basin, and powdered 
4 inc sulphate crystals added with frequent stir- 
ring until saturated and allowed to stand over- 
night. The precipitate is filtered, washed with 
saturated zinc sulphate solution, and subjected 
to Kjeldahl’s process. The filtration of the pre- 
cijiitato is slow, hut proceeds steadily, and works 
better if the liquid is rendered slightly acid with 
sulphuric acid (1:4). • 

Peptones, albumoses, and gellKlne. 50 c.c. of 
the 250 c.c. are put into a beaker 50 c.c. sulphuric 
aciil (1:3) added, and an excess of phusphotung- 
stic acid, prepared by making a strong solution 
of sodium tungstate in boiling water, and adding 
phosphoric acid with continued boiling until the 
mixture gives a constant acid reaction. 

An alum ilia -like precipitate is formed which, 
if left for a few hours, filters fairly well. The 
precipitate is washed several times with dilute 
sulphuric acid, and then treated by Kjeldahl’s 
method. This operation has to be carefully 
conducted as the precipitate causes bumping. 


The nitrogen from this estimation comes 
almost up to the total nitrogen of the section 
insoluble in alcohol, but a little of the meat 
bases are sometimes rendered insoluble by the 
alcohol, and the traces obtained by dijjerenco are 
to Lie added to the meat bases. Having obtained 
the gelatine Jigure by a sepai'ate estimation, then 
(gelatine and albumoses) —gelatine - albumoses, 
and (gelatine-l albimioses+jicptoiios)- - (gelatine 
[ + albumoses) --peptones. 

Ammoniacal nitrogen. Traces only of this are 
I present, 50 c c. of the standard extract solution 
I ( () grams extract) are distilled with barium 

! carbonate into standard acid. 

All mtroc:cn deicrmmations ariTniade by the 
Kjeldalil-duiming method, using about 25 c c. 
nitrogen -tree vitriol to start with. After 
Iroihmg, and the thick carbonaceous mass has 
disap{)eared,ilO grams of potassium sulphate anti 
a small crystal of copjier sulpliate are added. 
Heating must bo continued until the yellow 
colour lias changed to a clear blue, indicating 
complete oxidation. In distilling off the am- 
monia it is jireferahle to use steam with a small 
flame under the alkaline liquid to prevent dilu- 
tion by condensation, insUnul of a naked llanio 
under the distillation flask. Zinc-dust is added 
to se])arate Hie coiqier, and to prevent biimjung. 
'I’he period of ilistiilation should be tO minutos 

In calculating the (lercentage of the various 
nitrogenous comjiounds in extracts it is usual to 
use the factor N <0*25. This is not, however, 
strictly accurate, but is generally accepted as 
the best apjiroximation to the truth. Analyses, 
therefore, should disclose the actual nitrogen 
figures obtained. The use of nitrogen factors is 
discussed m Analyst, 1915, 40, 310-326. 

An auxiliary method for the estimatiuu of 
gelatine and hydrolised gelatine is that of 
Beckmann ( Porschuiigs Boriehte, 1890, 3, 324) 
baM'd upon the fact that gelatine and albume- 
noids are rendered insoluble by formaldehyde. 
3 grams extract dissolved in 20 e.e. cold water 
are treated wnth 3 or 4 drojis of formaldehyde 
solution (-10 ii.c. strength) and evaporated to 
dryiKiss on a water- bath and for 2 hours in an 
air oven, then moistened with a 5 p.c. formalde- 
hyde solution, and after standing 5 minutes, 
warm water, fiO"— 70", is added and allowed to 
digest 15 minutea, the water is then decanted, 
and the washing repeated until ftfoo from colour. 
The insoluble mass is subjected to the Kjeldahl 
process. Care must be observed to use a for- 
maldehyde solution which is neutral, since free 
acid affects the reaction. 

A convenient method for the determination 
; of the total soluble proloids in extract is based 
1 on the fact that halogens precijiitate those 
i bodies. Bromine water is for convenience 
I employed. Allen and ISearle tak* 1 gram of the 
! substance dissolved in 100 c.c. water in a flask 
' and acidify with dilute hydrochloric acid. A 
, considerable excess of bromine water is added 
I and the liquid shaken for some time. 9'he 
precipitate is allowed to settle for several hours, 

! the supernatant liquid Mecunted through an 
1 asbestos filter, the precipitate washed with cold 
I water and treated by Kjeldahl’s method. Van 
1 Slyko’s method of protein analysis (Vol. IV. 403, 
I and Plimmer’s Biochemistry, 1916, 146-149) has 
I been applied by Hartley to the determination of 
' the amino nitrogen contents of meat extract. He 
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found that of tho total nitrogen J2 p.c. was m 
the amino form, being liberated on treatment 
with nitrous acid. The method can be carried 
out in fifteen mmutes, and enables the analyst 
to at onc^i, differentiate the various forms of 
nitrogen in this and similar subetancos (see 
Analyst, 1915, 40, No 472, .‘110-52(); cf. Smoro- 
dmzer, ZcitBch. ]>by«iol, Chem. 1914, 92, 214). 
On the changes in the composition of the nitro- 
genous constituents of meat extracts, .see Wright, 
J. Soc. (9iem. Ind. 1911, 30, 1197 ; ihid. 1912, 
31, 170. K N. 

MECCA BALSAM. Ojxihalsani ; Halm of 
Gilead {v. Oleo-kjosins). 

MECONIOACID, MECONIDINE e. Opium. 
MECONINE e. Lactones. 

MEDINAL. A sodium (‘oinjiound of veronal. 
Used as a liyjmotic. 

MEDLAR. 'The fruit of Mcsjiilax germanica 
(Linn.). When fresh, the fruit has a yeliowi.sh- 
whito flesh, ■vvlucdi is hard and of an unpleasant 
astringent taste ; on keejimg for siune weeks, 
the flesh becomes brown, soft, and doughy, 
and possesses an agreeable flavour. In the 
latter condition, Herseh (Landvv. Versuchs. 
Ktat. 189(j, 40, 471) examined the various jiarts 
of the fruit and olitained the following results : — 


Pereentage 

Whole fruit fluid Flc.sh 

P1])S 

of dry matter 

30-9 

3()*9 2C8 

01-0 

Tlie dry matter coii tamed — 



Pro- 

tein 

4'at 

other 

ln\<3rt Is’ -free (!nuk‘ 
bUKar extract ttbre 

Ash 

Whole fruit 

2-79 

l-OI 

3(i-08 40-98 10*29 

2-82 

Rind 

4-12 

2-(H) 

- 72-02 17-51 

3-09 

Flesh 

2-()2 

0-57 

48 50 37-03 7*35 

3-27 

Pips . 

2-55 

()-(;2 

4(>‘()0 48-52 

1-05 


ture, about 300‘\ Up to this temperature the 
mineral retains its optical characters, the formula 
being then 2Mg()*3Si02‘2H20 (with 12-2 p.c. 
water). 1’he following analyses illustrate the 
comjiosition of meerse.haum : — 


1 

11 

111 

Silica . . 00*87 

01 -.30 

53-8 

Magnesia . . 27*80 

28-39 

23-8 

Alumina . . — 

— 

]'2 

Water . . 11 -29 

9-74 

20-0 

99-90 

99 43 

98-8 

T. Frmn Asia Minor, hv lAmehnell. 

IT. From 

(J recce, by Sehecier. III. 1 

'T'oin near Madrid, 

by Bt rthier. 

Meerseliauin is found as 

nodular 

masses in 


Malic acid, acetic acid (()’03 p.e.) and alcohol 
were pre.sent. 

'I'lie ash of the medlar has been found to 
contain about 0*3 ]),e, boion tiioxide. In the 
N-free extract then' is a coii.siderable jiortion of 
pectin matter. ' 11.1. 

MEDULLADEN SVXTII PTIC OKI I OS. 
MEDULLIC ACID m.p. 72-5", 

an acid found as a gly(!eride in beef suet and in 
boef marrow, associated with oleic and palmitic 
acids. 

MEERSCHMJM or SEPIOLITE. A hydrated 
magnesium silicate U4Mg2^5i3C)iQ, occurring as 
nodules and compact masses, of white, grey, 
or creamy colour. From its apjicaranee and its 
extreme hghtness (s]i.gr. about 2) it has acquired 
the name of mccrxclinum or ‘ sea-froth ’ {erumr de 
mer), although it is sometimes described by mine- 
ralogists under the name of stpwlilr, a word 
introduced by (docker to indicate its re.semblance 
to the light white porous material known as the 
bone of the cuttle-fish or sejua. Meerscliaum is 
a soft mineral (hardness 2- 2-5), ea.sily carved ; 
has a greasy feel, ami readily adheres to the 
tongue. In consequence of its jiorosity, a 
meerschaum pipe absorbs the oily matter of the 
tobacco ; and for a liSe reason the proportion 
of water present in the mineral depends on tlie 
humidity of the atmosphere. In a mfiist 
atmosphere the composition corresponds with 
2MgO‘3SiOjj*4H.2(), with 21*7 p.e. water. About 
half of this water is lost over sulphuric acid, and 
the remainder is expelled only at a high tempera- 


alluvial dcposils in the jilains of Kski-Shchr, in 
Asia Minor, where it is associated with coinjiact 
magiK'sitc (Mg('();,) and scijM-ntinc. It is here 
dug from a number (now some 1270) of shallow 
])its, from the bottom of which .short galleries 
are occasionally run. 44ic nodules arc .scraped 
free from ('artliy matter with a special knife, 
uir dru'd, ]M)h.sl)cd with waix. and sorted into a 
riunihcr of grades and .sizes (J. Soc. Aits, 1909, 
57, ‘111). It also occurs a I Kiltschik, near 
Konieh, in Natoha i in (Ircccc, Ni'gropontc, and 
Samos; in Moravia; with mugnissito and 
serpentine at Krauhat in Styiia; and in New 
Mexico. In New Mexico it occurs as nodules 
and .seams ni limestone, and lias been ex])loiled 
at two hx’alitie.s, namely (Ida valley and Bear 
(Ireek in ({rant County (1). B. SteiK'tt, Lull. 
U.S. ({col Survey, 190H, No. 340, H)(>). At 
Vallecas, near Madrid, it is said to lie used as a 
light material for (‘oii.slruetive ])urjio.se,s. Meer- 
siduium has been emjiloyed as an ingredient m 
])oreelain, while in 'rurkey it is used, wdien fre.sh, 
111 the place of soap, and as *a kind of tulh'r's 
earth. Eroin the East large (luantities are sent 
to yienna to hi* carved as toliaceo ])i})(iK. d’lie 
])i])es are ])re])ared for use by being soaked in 
melted tallow and wax, and are polislied with 
shave gras.s. Imitatioii.s are fahruated in 
plaster of Baris liurdened with jiaiaffin, and in a. 
preparation of jiotatnes treated witli dilute 
sul])liiiri(; acid. d. B. 

MEGASSE. Spent or crushed sugai'e.ane. 

MEILER. The ({ erman name fnr the stack 
of timber piled up for burning into charcoal (v. 
Cajibon). 

MEKOCYANIN v. A^jtjiocyanins. 
MELACONITE or BLACK COPPER. Cupric 
oxide, (^uO, crystallised in the inonoehnic (or 
perliaps trielinie) system. As a black, sooty 
powder, soiling tlie fingers, it is of frequent 
occiiiTcnee on the wcathi'i-f'd suiface of copper- 
jiyrites and other o^es of eo])per, Jn the mas.sive 
form it IS soitietimes found in considerable 
quantity, sufficient tor use as an oie of copper, 
r.g. in the Duektown mines in Tennessee, 
Copper Harbor, or Lake Superior in Michigan, 
Bisbcc in Arizona, and Copiapo in (ffiili. Crystals 
are rare and have the form of minute scales with 
a steel-grey colour and brilliant metallic lustre ; 
sp.gr. 5-82. They have been found only in 
(Virnwall and on lava at Vesuvius. The name 
lenorite was applied to the Vesuvian crystals ; 
and the name melaconite (from piKas, black, 
and K6viiy dust) is more properly used for the 
earthy, probably colloidal, form, which contains 
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admixtures of hydrated silicate and carbonate 
of copper and grades into melanochaleite (G. A. 
Koenig, 1902) and pitchy copper-ore. L. J. S. 

MELANTERITE or IRON VITRIOL. Hy- 
drated ferrous sulphate, FeS 04 ' 7 H 20 crystal- 
lised in the mtuioclmic system. As a mineral, 
thi.s is usually found as a white, silky, fibrous 
efflorescence, resulting from the decomposition 
by weathering of iron-pyritcs and mareasite. 
Stalactitic and concretionary masses also occur, 
but well-formed, green cryslais simdar to those 
obtained artificially are rare, ft is of wide 
distribution, but usually only in small amounts. 
Considcrabh' quanlities were, however, formerly 
obtained from the pyrites mine at Goslar in the 
Harz. Jj. J. S. 

MELDOLA’S BLUE v Oxazine colouring 

MATTERS. 

MELDOMETER. An instrument designed 
for the pur])osc of ascertaining the melt, mg an^ 
boiling points ot small quantities of substanecs 
It Consists essentially of two pairs of foreejis 
mouuti'd on a stage and carrying bi‘tween tfiem 
a thin platiuurn ribbon, 'riirougb fins iiblion 
an olectue current may be jiassed, the stiirngth 
of the curri'iit being regulated by a carboii-mer- 
oury iheostat. 'J'lu' apjiaiatus is mounted on 
the. stage of a eoiniiound microsciqie, ]>rovided 
with a 1-nich objectivi'. The substance to be 
c\.imined is ])laccd in focus on the platinum 
ribbon, and then the current is gradually in- 
creased until the subst.inee is melted oi volati- 
lised. M.v'periments made in tins way sliow 
interesting jilicnomeiia, sufliciently charactiT- 
istic in many cases to identify a substanee at 
once. By airangmg side by side different frag- 
ments it IS easy to find tlitur order of melting- 
points with greater exactness than can be the 
case when the blow-pipe is employed. 

ddiii meldomcter is also of value in studying 
sublimates. A jiiece of glass is held over tin* 
heated .strip and ujion tins the sublimate dc- 
jiosits. A long series of trials have led to tJic 
conclusion that the appearances so obtained arc 
evoellcnt as tests to the mineralogi.st and 
chemist (J. Joly, tndustnes, 1889, 20, and ’ 
.1. tSoi ( hem. liid. 8, 30(i). 

MELEZITOSE v. Carbohydrates. 

MELIBIOSE V . Carbohydrates. 

MELICITOSE V . Carbohydrates. 

MELILITE. A rock-forming mineral con- 
sisting of silicate of calcium, aluminium, iron, 
magnesium, and sodium, cry.siallised in the 
tetragonal system. The formula is uncertain, 
and, like tho allied minerals gehlenite, iiker- 
manito (known only as an aiTilieial product in 
slags), and fin^cente, its composition may be 
c.xplained by isoiiiorplious mixtures of the 
folloiving molecules: IfCaO’AhOa'SSiOj (sarco- 
lite), ItNajO’Al^Ojj'.'lSiOo {a*liyj)othctieal soda- 
aarcolitc), 2 Ca()*Al.d) 3 -Si 02 (i^lardcnite), and 
akormamte (fMgOhCaOhfSiOa). Mclilif-e forms 
short square prisms resembling cubes ; its 
colour is white, grey, yellow^ (hence the name, 
from honey) or brown. Sp.gr. 2-9-3T, 
H. 5. It OCCURS principally in volcanic rock.s 
poor in silica and rich in alkalis, e.g. in melilitc- 
basalt and m the loucito lavas near Home. It 
is also found in the blocks of metamorphosed 
limestone enclosed in the vesuvian lava on 
Monte Somma. It is frequently found as well- 
developed crystals in the slags of blast furnaces, 


and has been observed in Portland cement 
clinkers. I,. J. y. 

MELINITE V, Explosives. 

MELISSA. The leaves and tops of Mdism 
officinalis (Linn.) contain a small quantity of a 
volatile oil. They are used occasionally in the 
form of a w^arm infusion as a diaphoretic in 
slight febrile conditions. 

MELISSIC ACID is obtained 

by heating incli.ssyl alci)bol with soda-lime at 
220'’ until hydrogen ceases to bo evolved 
(Sturckc, Annaleii, 223, 295) ; in.p. 9^ (Marie, 
Ann. ('him. Phys. | vii.] 7, 145) ; 90" ( lleiduschka 
and Garcis, J. pr. Chem. J919, [ii. 1 99, 293. It is 
jirobably identical with an acid found m beeswax 
(Nafzger, Anruilcn, 224, 225; *Marie, l.c.) ; 
according to lleiduschka and Garois, the acid 
from beo.swax ha.s the composition 
and melts at 88 -h", 

MELISSIlf, MELISSYL ALCOHOL V . Waxes. 

MELITOSE, linffinose (r. (Carbohydrates). 

MELLITIC ACID. >nzc v eh exa ra rhoxyh c 

acid (Ger. Mclliihsawr,) (C„((!02H)p. Ob- 
tained by oxidising charcoal with fuming nitric 
acid, fuming nitric acid and potassium per- 
chlorate, or with suljiJiiuic acid (Dickson and 
Eastcrlield, Chem. iSoc. Proc, 1898, 163; 

iStaudciihcimer, Her, 1899, 2824; Hiibncr, 
(Jbem. Zcii, 1890, 440 ; Vcrnciiil, (lompt. rend. 
1907, 132, 1340; Baitoli and Papasogli, Ga/,z. 
chilli, ital. 15, 546; Schulze, Ber. 1871, 802, 
806 ; Meyer and Htcincr, Monatsh. 1914, 35, 
475 ; also i’. infra). By the olectiolysis of 
alkaline solutions, using graphite electrodes, 
mellitie acid ('#(( CO.,H jg, hydromellitic acid 
and jiyiomcllitic acid 

('„ll2(CU2H)4 

arc formed (Bartoli and J’ajiasogli, Gazz. cliim. 
dal. J882, 113; 1883, 37). Also formed 

together with ])yrouielli(,ic‘ acid as a decom- 
position product of sugar (Lippmami, Bor. 1894, 
3408 ; ihnl. 1917, 50, 236). Has been synthe- 
.sised by passing a cuiicnt of methyl chloride 
through a warm solution of toluene containing 
aluminium chloride and oxidising tho hexa- 
nictliylbcnzene thus formed with potassium jier- 
manganate (Eiicdcl and ('rafts, ( 'ompt. rend. 91, 
257; Ann. (Chim. IMiys. [vi. | 1, 470). Mellitie 
acid IS best ])re])arcd in tho following way : 
Carbon, lino enough to pass through an 80 or 90 
sieve is boiled vigorously with nitric acid (sp.gr. 
P5) until the liquid becoineB faintly amber in 
colour; this usually takes 3 days. Tho excess 
of nitric acid is distilled off at 130'’- 140° and the 
residue, containing 80 -90 |).c. mellitie acid ex- 
tracted with water (Holliday & Sons and 
Siberrad, J. Soc. Chem. Inti. 1908, 522; Eng. 
Pat. 24662; D. 11. P. 214252). According to 
Michael (Ber. 1895, 1631), the raw material may 
be purified by boiling with acetic acid, filtering 
and concentrating the filtrate. 

For its priqiaration from diiThyl mesitylene, 
see Philippi and Rie, Monatsh. Chem. 1921, 
42, 5. 

Mellitie acid decomposes when heated in an 
open tube at about 261)° and has no definite 
melting-point under these conditions, but when 
liAtcd m a closed tube molts at 286°-288'’ 
(Michael, Ber. 1895, 1631); crystallises in long 
needles, soluble in alcohol and ether : heat of 
formation, 546 ’8 cal. ; heat of combustion. 
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788*2 cal. (Stohmann, Klebor, and Langbein, 
J. pr. Chem. [ii.] 40, 128); heat of solution 
•+•8*672 cal. at 20 ‘4° (Berthelot, Compt. rend. 
101, 685) : dissociation of acid (Quartaroli, Gazz. 
ohim. ital, 1005, 35, i. 470). It dissolves un- 
changed boiling sulphuric acid, and is not 
acted dll by olilonne, bronime, concentrated 
nitric or hydriodic acids. Dry distillation yields 
carbon dioxide and iiyrouielhiie acid, and by 
strong heating \vith glycerol tniucsic acid and 
carbon dioxide arc produced. \Micn luellitie 
acid is subjected to the action ot dehydrating 
agents it is converted into the anhydride ot 
pyroniellitic acid. By lioihng uudlitic acid Avith 
benzoyl cliloride imlliiic anlufdnde 
separates in ^lolouiless crystals, ijisol able in cold 
water, but uniting with warm water to form 
uiellitie aci(i. It gives cliaractcristie coloj-a- 
tions with various solvi'iits, v.<f. rose-red to 
bluish -rod with iiaphthahine, re'wene pheiian- 
threno, and fluorenc, and bluLsh-grceii with 
nitrobenzene (Meyer and iStcuier, Ber. 1013, 46, 
81,3- ; Moiiatsh. 1014, 35, 475). By fusion with 
caustic soda, benzene and carbon dioxide are 
formed ( Baeyer, Anualen, Sujipl. 7, 5) ; reduction 
with .sodium amalgam yields hydiomellitic aeid. 
By the electiolysis of th(i aijiUMUis solut.ioii, the 
chief gaseous jiroducts ari' oxygon, hydrogen, 
and carbon dioxide, very little carbon monoxidt; 
being produced (Bouiigue, Bull. tSoc. ehim. [ii.] 
35, 56 1 ). Acetonitrile and mclbtie acid give 
rise to tlie triiinide, parauttdc, t'efi'^DgNM)^ and 
the diimide, cuchroiif 

when heati'd at 225^ 235“ (Mathews, J. Ainer. 
t’hi'ni. Soe. 20, 648). A warm aqueous solution 
of the aeid acts on auhj^drous or liydi'ated 
Insmutli oxide pioduciiig bismuth mcllitate 
Bi._j(\A)j.,, which when heated umb'r reduced 
pressure in closed tubes at 350“ yields pyro- 
phoric bismuth (Tbibaiilt, Bull. tSoe. chim. 11104, 
jiii.] 31, 135). Melliric acid condeust^s with 
resorcinol to torm phtbaleius (Silbeirad, Chem. 
Hoc. Trans. 1006, 1787 ; Green, (!hem. Soc. 
Broc, 11)07, 12) and with aiiuno-phenols to form 
rhodamincs (Sillierrad and Boy, ihtd. 1008, 204 ; 
4. Amor. Gliem. Boe. 32, 180) ; these eompounds 
are dyestiitfs (Eng. Bat. 28638; 4. Soe. Gbeiu. 
hid. 1003, 414). According to Van Loon (Bcr. 
1805, 1271), mellitic acid is not c.stcrihcd by 
alcohol and acids ; hut Meyer (Monatsh. 1004, 25, 
1201) states tliat by healing mellitic acid Avith 
methyl aloolioWitid .siiljiliurii* acid in 'a benzene 
bath, the 'pfnimneili}/l f’st(>r, m.]». 141“-144“, is 
formed ; at 1(H)° a mixture of the pentamethyl 
and lioxamethyl c.sti rs is jiroduced and at higher 
temperatures the hexamel b yl ester predominates. 
4’he hrxamdhyl cskr melts at 187“ and may bo 
formed by the action of methyl iodide on the 
silver salt (Kraut, 4. 1862, 281 ; Kraut and 
Bussc, Annalon, 177, 273) or by the action of 
diazomethane %jn the aeid (Becliiiuinn, Ber. 
1808, .501). The hrxacfJiifl ester melts at 73“. 

MELON, 'rho fruit of various plants of the 
(■ncurhitacxni of tropical or sub tropical countries. 
There are many varieties, among which may be 
mentioned musk melon, Cunimis mclo (Lmn.), 
and water melon, (U'tridlns rKlyaris (Sohrad.). 
The characteristic of melons is the large quantity 
of water which they contain, while the s5lid 
matter consists mainly of dextrose. 

Borsch (LalldAA^ Versuchs. Btat. 1896, 46, 
473) found ihe following : — 


Sugar melon Perslcan melon Watermelon 
Whole Wliole Whole 

fruit Flesh fruit Flesh bruit Flesh 
Water , 92*85 95*16 93*87 95 90 93*44 93*69 
Dry matter 7-16 4*85 6*13 4*10 6*56 6*31 

The dry matter contained — 

Other 




Pro- 


])ex- 

N-freo Crude 



tein 

Fat 

trose extract fibre Ash 

Sugar 

\ WJioIe 

22 2.5 

f)*73 

36 32 

]2*a7 

14*00 6*84 

melon 

t j-ncfah 

iTl Tw 

vm 

70*63 

0*20 

6*90 7*09 

Tcrsican i Whole 

20*71 

13*14 

30*48 

4*49 

21*50 9*94 

melon ) Flesli 

n 80 

V85 

6.5*85 

3*44 

8*44 8*62 

Water 

( Wtiolc 

13*74 

6*80 

37*36 

21 74 

15 44 4*86 

melon 

} ricsh 

0*73 

1*06 

66*73 

16 95 

F95 3*58 


! 'riie .seeds (if melons contain much oil 
' (30-40 p.e.). 

! Fur analyses of the jiulp of several varietie.s 
j of melon, r. Saec ((fornjit. rend. 94, 1126) ; also 
; .lalia (Rep. Agr*ie. Ex[)t. Stat. (!aliforiiid, 
1^891-95, 1.55). 

Th(' ash of AA^iter melon is rich in potash and 
iron (Bavnc, J. Amcr. Ghem. Boc. 1896, 18, 
1061). ‘ H. J. 

MELONITE. Nickel telluridc Ki'IVo crystal- 
li.sed 111 the hexagonal systinn. There is a 
perfe(;t cleavage [jarallel to the base, and the 
mineral is usually fourui as foliated grains of a 
roddish-whito colour Avitli metallic lustre. It is 
found only in the'Melones and Btaiiislaus mines 
111 Galaveras Co., (California, Bouldei ('o., in 
Oohjrado, and in Mew South Wales. L. J B. 

MELON PUMPKIN SEEDS. (’ttenrbiUc 
semina of the B.B. 'the rijie seeds of Cvctirbila 
maxima (Dueh.). 

MELRUBIN. Ih'adiA name for sodium 1- 
phonyJ - 2 * 3 - dimcthyipyrazolone - 4 - amino me- 
thane suphoiiate. 

MELTING-POINT. A knowledge of the 
meltmg-poiiit of a substam^e, i.e. the temjierature 
of its transition Irom the si^lid to tlio liquid 
.state, IS of importance for many reasons. 'J’liiis 
the melting-jioint of an (tryanic < ompound alTords 
a cjitorion of purity and constitutes a means of 
identification, and is of serMco in elucidating 
relations in eheimeal constitution. 

Melting-points of alloys yield evidence of tJie 
cxisteiiee of eutectics and eomjiounds formed 
from the constituent metals. 

Melting-points of hydrates may be used to 
determine their degrge of hydration (Uoofieboom, 
Zeitseh. physikak (Tern. ‘l893, 10, 477 ; Lid- 
bury, M. 1902, 39, 453). 

^Melting-points of siheates servo to indicate 
the formation of double and complex silicates, 
and the dissociation of complex silicates into 
simpler molecules. 

Melting-points of pvre sabstaticcs provide 
standards in calibrating thermometric apparatus. 

, Occasionally, (jii heating under ordinary 
conditions, sublimation occurs Avithout melting, 
as ill the cases (tf iodine and fnmaric aciid, when 
the usual methods are not apiilicahlo. But, 
generally speaking, every pure substance ex- 
hibits a detinite mcltiiig-jiomt, sharp and well- 
defined, and identical with its solidifying point 
The slightest impurities, however, such as traces 
of moisture, frequently low'cr the melting-point 
considerably, although it may be still apparently 
sharp ; whilst if foreign substances are present 
in larger quantity, it is no longer well-defined, 
nor coincident Avith the solidifying point. It 
has been observed (Rohland, Chem. Zontr. 1906, 
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i. 1401) that in some instances addition of im- 
purities may raise instead of lower the melting- 
point. Pure aluminium melts at a lower tem- 
l>erature than the impure metal, and alumina 
raises the melting-point of pure kaolin. 

Within tlie ordinary limits, change of atmo- 
spheric pressure has no sensible effect upon the 
melting-point, but at high pressures the effects 
may be very considerable, cf. Uemerliac (Compt. 
rend 1897, 124, 75) ; Hulett (Zeitsch. physikal. 
(Jhern. 1899, 28, 029) ; 'l\iminann (Ann. Chim. 
Phys. 1899, [ii.] 08, 553, 029). The melting- 
point of benzene, for example, vanes from 5*4° 
to .30-5'^ witli pressures ranging from 1 to 1200 
kilos, per sq. cm. ^ ^ i 

Por tlieore<i(’al relationships, see Thomson; 
(Phil. Mag. [ui.] 37, 123), Ncgreami (Ohom. , 
Zentr. 1900, i. 110). 

Pawloff (Zeitscli. jibysikal. (diem. 1908, 05, 

1 ; 1909, 05, .545) hnds' (liat even with a pur^ 
Bubstanec, tlie melting- [loint is affeeted by tlie 
state of subdivision, tliat is, it is dependent 
on the surface energy, and he deduces an 
eipiation expressing the relation iK'tween the 
nieltuig-jniint ol a siibstanco ami (be radius oi 
its granules. I'’x])eiim('nts with s.ilol showed 
that particles ui less than 2/i diametei imdl IT"' 1 
lower than those of lOp. 

Il(’ considers (hat the lovnst altainablo 
temjieraturi' in tlu' region of lusion is determined 
by the melting-point ot the erysiallme germ ol 
uia.ximum surface, and that larger solid particles 
above this temperature are supei -heated. 
Similarly the super-eooling of li<|mds is a general 
])heMomeiM)n, a IkiiikI sujier-eooled to a defimie 
extent being in equilihrium with solid ])ariieles 
of a definite si/ laigm jiartieles eauMiig ery.stal 
l'«ation and smallf’r paiiieles dis.soh ing, and the 
limit of Nujior-cooliiig is that t-einperature below 
which the crystalline gi'rm can arise of itself in 
the iiitcrioi of th^ lujuul. 

Apart Irom the i'or'^'grang (‘oiisidciaiions, the 
manipulativt details con- 
cerned in the actual de- 
termination ot amolting- 
])omt. particularly hy the 
ca|Mllary tube method, 
V. iTifuf, affi'ct the re- 
sult. This IS due ]»art)y 
to ^inequal heating of 
the therm om el er stem, 
which may be corrected 
by adding the value 
.,/(T--t)xO-OOOl43 to the 
observed point of fusion 
(ri“ length of mercury 
column in degrees out- 
side the bath, T— ob- 
served temperature, and 
i ~ tefiijierature regis- 
tered in flho middle of the 
projecting portion of the 
column), or avoided by 
using a short-stemmed 
thermometer {sec Fig. 1 ). 
Irregular and too rapid 
heating is also found to 
affect the value. 
Schuyten (Chem. Zentr. 
1901, ii 1326) adduces instances of the varia- 
tions which may be obtained under different 
conditions of experiment. 


The fusion of a solid substance is accom- 
panied by an absorption of heat (‘ latent heat of 
fusion ’), the temperature remaining constant till 
all the solid has melted. This provides the most 
accurate means of determination (Laiidolt, 
Zeitsch. physikal. Oheiii. 1889, 4,-349), the 
thermometer, or thermo-element witli galvano- 
meter attaclimcnt, being immersed in the 
molten aubstaucc. and the temiierature of the 
slowly coolmg liquid noted at short intervals, 
the resulting curve indicating the stationary 
temperature. 'I’his method is suitalilo for all 
ranges of t^Jinperature and for all substances 
giving a dolimte melting-point, but requires tin; 
use of large quant-ituis of material. In the case 
of organic compouiKis, a small qiftintity of the 
finely pulverised substance is introduced into a 
capillary tube closed at one end, and attached 
to a thorniomeler, close to the hull), usually by 
a thm j>latin»m wire or indiarubher ring, or by 
adhesion through a dro]) of sulphuric acid. 
Weyl ((fhem. Zeit 191(1, 34, 488) uses a thermo- 
meter slightly expanded pist above the bulb, 
supporting a glass ring carrying glass hooks upon 
which the tubes ari' hung in position close to 
the bulb. Other methods of atlaclnncnt are 
dcs(*ribcd by Ijcn/ 



(('hem Zentr. 1906 
3. 169); Lnndsicdl 
(Chciii. Zcit. 1905, 
29, 765). 

The heating 
bath may be of 
glycerol, jiaraffiii, 
or sulphuric acid, 
the last - named 
substance being 
most generally 
used. It is con- 
tained in a. small 
beakm- oi long - 
necked ilnsk, the 
tliermometer and 
tube bmng either 
immersed in the 
liqmd »>r enclosed 
in a tube dqiping 
into tiu' liquid. 

A form of labor- 
alory apparatus is 
shown in hig. 2, 
unequal heating 
being avoided, as 
far as possible, by 
stirring with a 
glass stirrer pass- 
ing through the 
cork holding the 
thermometer, or 



Fig. 2. 


Fig. 1. 


inermomeier, n 

by heating very slowly with a small flame. 
For lomporatures at which thc,icscape of su - 
phuric acid fumes becomes uiiideasant, the flask 
is provided with a side tubulure (Koth, Ber. 
19 1970), as shown in !ig. 1- Altemalive 

apparatus for condensing the fumes are de- 
scribed by Houben (t.bem. /cit. 1900, 24, 538) 
and Mutton (Zeitsch. angew Chem. 1910, 23, 

^A mixture of three parts potassium sulphate 
with seven of sulphuric acid, sp.gr. 1 84, boiled 
together for five minutes, may used for 
temperatures up to 326° From 360 to 600 , 
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is seen to sink (CLem. Soc. Abstr. 1917, 112, ii. 
192). 

Fatty acids, waxes, and similar bodies are 
not easily introduced into capillary tubes, and 
in such cases Kuhara and Chikashigd'* ((’hem. 
News. 1899, 80, 270) place a thin layer of the 
substance lictwcen microscope cover glasses 
suspended m a i>lntinum foil sujiport in a test- 
tube placed in tlui snlplniric acid bath. A 
modified method is described by Bunker (Pharm. 
.1. 1909, [IV.] 28). 

Air baths, vhicb may be used at liigh tcin- 
])cratures instead of lupiid baths, are described 
by Anschutz and Schultz (Ib r. 1S77, 10, 1800) 
and Kiitsehcr aiidOtori (Zeitsch. physiol. t.!herii. 
1904, 42, 199). 

For a coiiijiaiisoii of the diOerent methods of 
proccdiin^ in the case of minute rpiantities of 
Fig. 3. atus shown in Fig. 4, in which | matci-ial, sec Reinhardt (Zcitscli. anal. C'hem. 
the wide tube {!>) N scaled alter ■ ^5, I I). 

a small quantity of the substance has been | The air thermometer has Ix'eii nda])ted for 
melted and allowed to solidify in the eajiillary | use at extreme temperatures (Haase, Ber. 1893, 
bend. On fusion the air prc'ssure in f> forces 2(), 1052; Meyci, Ruldle, and Lamb, ?/nd. 1894, 
the li({uid forward. 'The iiK'ltiiig point s of 27, 3129), but is hiss eonveiiient than the thermo- 
coloured substaiu;es arc coiive.monHy obtained (4emeiit, foi the application of which consult 
in this wa}" f Haither, Ber. 1887,20,3290). 'The I MeLh'ai' (Ann. Phys. ('hem 18!)5, 121 55, 95); 
values are, however, sliglitly too high. ( ^ariara. and Coppadoro ((Jazz ehim did. 1903, 

As modilied by P</lditzin (('hem. Zentr. , 33, 1 , 329) ; (luttmann ('('hem. Soc. Tnins. 1905, 
1893, 1. 379) for the melting-points of salts, the i 87, 1037). 

a[)jiaratus consists of a glass tube, 5 mm. widi* j Stolzenberg (Ib'r. 1901), 42, 4322) Inis 

and 50 cm. long, drawn out t.o a (;ai)iliary at one ; described two ingemoms forms of apiiaratus for 
end, the other being bmit (irst> at right angle.s, ; tcmperatiiM's up to 350’ and down to -00'^ 
and then in tli(‘ shape of a U to form an ojien respectively, which are similar in prineijile to 
manoiiK'tcr. 'J'lie ca[ullary is sealed with the that of Thiele, but the circulation is biought 
molten salt and immersed in the bath. When j about not only by heating or cooling a spiial 
the salt melts, the mercury sinks in ; .side tube, but ni.so by bubbling dry caibon 


fused zinc cluondo gives satisfactory results j 
(Scudder, J. Anier. tdiem. 8oc. 1903, 25, 461). 

Thiele (Per. 1907, 40, 996) has devised a 
simple and effective ajiparatiis, consisting of a 
glass tube 2 cm. diameter and 12 cm long, with a 
bent tube /jf 1 cm. dianict^'r .sealed in as .shown 
in Fig. 3. Sufficient .suljilninc acid i.s jinured 
in to cover the upper opening of 
the bend, and the lower bond is 
heated by a small flame which 
camsiis ail even cireiilation of the 
acid. 

If the material is tr:insparent, 
or beeonu's so before the melting- ! 
point is reached, observation of j 
t h(' exact point at winch it liquc- j 
fics IS difficult, and Piccard (Ber. j 
8, (i87) has nrono.scd the annar- i 




the ojien end of the maiiomctci. 'Lhc , dio.xide througli if. For high Icmjicratiircs, 
method is cni])loycd to advantage ; ])araflin is used, and for low tcm[)('ratuics alcohol, 
where a iion-transparoiit heating bath : the .spiral being cooled in a Dcwiir flask with ctlii'i' 
is ii.sed. and .solid caiboii dioxide. 

For organic coni])ounds w'hich | Slightly modified, it provides an nccurato 
decompose at or near the melting- means of determmmg soIuIuIjIk's and ((Jhem. 
jiuirii, Maquenne (Bull. Soc. chim. , ZeR. 1910, 34, 66; Zcit.s(“h. phy.sikal, Chem, 
1901, 31, 171) advoc.i.fcH the use of 1910, 71, 649) of measuring tenqieraliires down 
a metal block, lajiidly lie.atcd, upon ' to -140 ’, and is n'rornmended iis a low- 
whicli the sub.stance is thrown in temperature bath in physieo-ehcinieal labora- 
small portions (0-1 m.g.) at a tune, tones. For further ]miticulais and diagrams of 
till the point/ IS reached at which the , apparatus, the original papers .slimild ho con- 
siihstiince melts instaiitaneou.sly. See suited. 

Michael (Ber. 1895,28, 1629). A number of elqgtrical methods iia4e been 

Rassfeld (.). pr. Lhem. 1916 [ii.] dovi.sed, depending upon the completion of a 
92, *167) has devised an apparatus j circuit when the insulalmg coating of a sub- 
for dotenninmg meltmg-])oints above I stqjuec on a jilatmnm wire dijijied in mercury 
270", consisting e.ssontially of an in - 1 melts (Lowe, Zcitseh. anal. ('hem. II, 211; 
verted T-tiibe, the horizontal limb Thioiry, Arch. Sci. Jdiys. Nat. 1905, [iv.j 20, 59), 
of which passes through ojiposite j or the lireaking of a cuemt when a wire con- 
sides of a small tin bath. The ' nection in the ease of metals (Loebe, Zeitsch. 
thermometer and capillary tube are Flcktrochein. 1907, 13, 592 ; ShukofI and Kiir- 
adj listed 111 the vertical limb, so that batolf, 3. Russ. Idiys. (.'hem. Soc. 1907, 39, 
the substauee can bo seen by looking I 1546 ; Jacquerod Hiid IVrrot, Arch. Sci. Bhys. 
thr(%ugh thii horizontal tube against Nat. 1905, [iv.f 20, 28), or a .bead connection 
a lighl. An arrangement whieli is i in the case of borax and other glasses (Burgess 


Fig. 4. equally serviceable for high and low' j and Holt, Proc. Roy. Soc. 1904, 74, 285) is 
temperatures has been devised by ; broken on fusion, the temperature being ascer- 
Stock (Ber. 1917, 50, 156). It consists essen- ■ taiiicd by a thermo-element. 


tially of a thin-wnilcd tube about 6 mm. wide ^ Burgess (Bureau Stand. Washington, 1907, 


and a glass rod about 2 mm. Hiick, elongated to , 3, 345) describes an adaptation of the optical 
act as a pointer. By suitable means a ring of | pyrometer to the determination of the melting- 
tho solid substance is deposited on the w all of : points of metals. 

the tube a short distance from the scaled end j The melting-points of silicates arc determined 
and the glass rod is rested on it. The melting- j by Doelter by placing the finely jicwdered sub- 
point is taken when the upper end of the pointer ; stance upon a small quartz plate heated in an 
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Nickd . 



1462 

Cobalt 



1480 

Yttrium . 



141)0 

Iron ■ 



1520 

Palladium 



1349 

Chromium 



1615 

Zirconium 



1700(?) 

Columbium 



1700(?) 

Thorium . 



AV 

o 

Vanadium 



1720 

Platinum 



1755 

Ytterbium 



(V) 

'JTtanium . 



•1800 

Uranium . 



>1850 

Ithodium . 



1950 

Boron 



2200-2500 

Indium . 



2350(?) 

Itutheuiuifi 



24501 ?) 

Molybdenum 



2550 

Osmium . 



2700(?) 

Tantalum 



2900 

TunysPib . 



3400 

(!arbon 



>3600 

'L’Ikjho (‘lements of 

whic 

jh the 

melting-points 


are used as standard ieini>eratui’cs are printed 
in italics. 

MELUBRIN. Trade name for mercury 
aalicyl sulpbonate. 

MENDIPITE. A load oxychloride Pbi;i2-2Pl)0 
! found near (!hurchill on the Mondip Hills in 
' iSomcrsotshira CTystallises in yellowish- white 
' rhombic prisms ; perfect prismatic cleavage ; 
adamantine lustre, sp.gr. 7T. 

MENHADEN OIL is obtained from the body 
1 oil of the ‘ Menhaden fish ' Atom menJtaden, 

I (Juv. {Brevoortia tyramni.s), a fish somewhat 
larger than a herring. Prom about May until 
November this fish appears in enormous quan- 
tities off the Atlantic coast of America (especially 
of New Jersey), so tliat as much as 400,000 tons 
of fish are caught in one season. 

The fish are delivered from the steamers by 
means of elevators, on to automatic conveyors, 
from which they are passed over automatic 
scales into largo boiling pans. These are pro- 
vided with false bottoms, below which open 
, steam coils are fixed. On boiling the contents 
' of the pan, the fish are disintegrated and the oil 
separates easily from the flesh. After turning 
oft the steam and allowing the mass to rest, the 
oil rises to the top and can be easily skimmed 
off by means of swivel skimmers. 

During the last few years, ‘ boihng ’ vessels 
have been introduced wliich permit of con- 
tinuous working, the fish being passed on con- 
veyors through the boilers continuously, and 
exposed to the action of free steam. The time 
required for the fish to pass lasts fAiin 15 to 20 
minutes. The whole mass is then transported 
by screw conveyors into settling tanks, where the 
oil separates by gravitation. In either process, 
the ‘ fish scrap falls to the bottom of the vessels, 
and is then jiressed in hydraulic presses, similar 
to those used in the workmg up of ‘ tankage,’ 
when a further quantity of oil, inferior in colour, 
18 obtained. In some works, such pressed cake 
, — termed ‘ chum ’ — is boiled out with hot water 
' and pressed once more ; but this process being 
' uiiremunerativc, except when the oil is very high" 

s 
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m price, is not carried out in large works. The 
scrap is finally dried in continuous dryers, of 
which various types are in use (Anderson dryer. 
Cummer dryer, vacuum dryers), and is sold as a 
valuable 'manure. In fact, the ‘ scrap ’ was 
formerly fjonsidered as the main product, and 
it is owing to the demand for scrap that the fish 
oil industry has assumed such largo dimensions. 
As the fish contain only from 1 to Ifi p.c. of oil 
— rarely moro—processes for its recovery from 
the BCraj) by means of solvents arc most unlikely 
to prove remunerative, considering the enormous 
quantities of fish tliut must be dealt with. 

With the extimsion of the industry, new uses 
have been fcund for the oil, which now not only j 
ranks equal in value to the sera]), but has I 
acquired a much higher ])i-u‘c, csjieeially at 
times when the price of linseed oil is very high. 

The colour of menhaden oil vanes in the 
first instance with the state di freshness in * 
which the fish arrives, and in the second instance 
with the duration of the boiling process. 'J'Ik* 
longer the oil has been allowed to remain in 
contact with the jmtreseiblc mass aiitl the 
longer the fish has boon boiled and hence the 
longer the oil has been in contact with the gluey 
water, the darker is its colour. Therefore, the ; 
separation of the oil from the gliH'V watei is 1 
earried out as rapidly as jiossible. Fresh fish 
yield a liglii-coloured oil ; the od running from 
the ‘ scrap ’ in the presses is the darkest in 
colour. 

In commerce the following three quahties 
are known : ‘ Prime crude,’ ‘ Brown strained,’ 
and ‘ Light strained oil.’ Fiequently the oils 
arc differentiated into four grades — A, B, C, and 
1) ; A being extra pale, B yiale, C blown, and D 
dark brown oil. Since the menhaden oil in- 
dustry has extended along the Atlantic coast 
even down to Texas, the trade differentiates also 
between mrthv/rn mvnhndrn oil and southern 
menhaden oil. The jiroe.ess of refining consists 
mainly in brightening the oil by filtering, &c. 

The light-colonreii oils are allowed to rest 
some time in the cold, w'hereby ‘ stcarinc ’ 
separates ; thus the ‘ winter oils ’ are obtained. 
They are then bleached by filtering over fuller’s 
earth, dkc. ; in this manner two grades are j 
obtained, viz. ‘ bleached winter white ’ and ' 
‘ bleached winter ’ oils. 

The sp.gr. of menhaden oil is 0'930 to 0‘035. 
Freshly pre|1?ired menhaden oil has an iodine 
value reaching as high as 200 (Lewkowitsch). 
Most of the earlier analytical data contained in 
text-books must he corrected, especially as re- 
gards the iodine value, as those samples, the iodine 
values of which had been recorded, refer to oils 
which had undergone considerable oxidation 
on standing. Menhaden oil contains consider- 
able amounts of clupanodonic acid. Thus the 
author obtained from specimens of pure men- 
haden oil as high a yield as 40 p.c. of clupano- 
donio octobromide. 

The unsaponiliable matter consists chiefly of 
cholesterol, to the presence of which the slight 
optical activity of menhaden oil is duo. 

The principal use of menhaden oil is in the 
currying trade, and in the manufacture of sod 
oil. The oil is also employed in soap-making 
and for the tempering of steel. When linseed 
oil is high in price, menhaden oil is used to a 
considerable extent to adulterate it (to the 


detriment of the quality of the product) and, 
further, as a substitute thereof in the manufac- 
ture of varnishes, paint oils, and even linoleum. 
Menhaden oil is also used for adulterating New- 
foundland cod-liver oil. J. L. 

MENISPERMINE (?), a crystal- 

line alkaloid from Anandrta Cocr.nlns ( = ]lf€wi- 
s-permum Comihit,), does not appear to have 
been examined since its discovery by Pelletier 
and Couerbe (Annalen, 1834, 10, 198). 

MENOSAL. Menthyl salicylic methyl ester. 

MENTHANTHONES i). Ketones. 

MENTHENE v . Gamphors, Terpeneh, Pep- 
permint. 

MENTHENONE r. Ketones 

MENTHOL V . Gamphors, Peppermint. 

MENTHONE v. Gamphors, Peppermint. 

MENTHOSPIRIN. Menthol ester of aspirin. 

MENTHYL BORATE {Edoml) 

• MENTHYLETHOXY ACETATE (t o? ijjin) 

G.,H,-()(.’H.,'COOGioHi9. 

MENTHYL ISOVALERATE {Validol) 
G^H.-GOOGioHje 

MENTHYL SALICYLATE {SaUnirnlhol) 

MERCAPTANS (Thiols) are a group of sub- 
stances dcrivi'd from sulplin retted hydrogen m 
the same way as alcohol from water by the 
replacement of one hydrogen atom by an alkyl 
grou|). The merca plans differ from alcohol in 
the same way that sul])hureWed hydrogen differs 
Irom w'ator ; thus they have considerably low^er 
boiling-points than the corresponding alcohols. 
They alsr) possess one hydrogen atom rcplaceabh' 
by metal, but they are more acidic than \h(' 
alcohols and form morcaptides of the heavy 
metals. I’lie mercajifans w'eie discovered by 
Zeisi’ in 183.3 (Annalen, 11, 2), and the name is 
derived from ‘ mereuno aptuin,’ owing to Ibo 
f(irmatiou of a charact eristic mercury salt by the 
action of ethyl mercaptan on mercury oxide. 

Formation. — General methods ; 

(1) By warming alkyl halides with potassium 
hydrogen sulphides in concentrated alcoholic 
solution. 

b}x+k|8h^b-.sh-i-kx 

a 

(where B.~alkyl, X— halogen), 

(2) By heating alcohols or phenols with 
phosphorus iienf asulphide 

(3) By tlistilliiig a solution of potassium 
alkyl sulphate with potassium hydrogen suljihide. 

I{.|0^,K-fKjsH-R-SH+K280, 

They are al86 formed in the reduction of thio- 
cyame esters, GNS-R-f 2H~HCN-f HSR. 

(4) By the action of sulphuretted hydrogen 
on the alcohol vapour at 300”-350° in presence 
of anhydrous thoria (ThOj) (Sabatier and 
MiaUie) e.g. G2H5*UH-fH2S=G2H,-SH+H.,0. 

VJ. Kramer and Reid, J. Amer. Ohem, Soc. 
j 1921, 43, 880. 

' (5) By reduction of disulphides by dextrose 

; (Glaasz. Ber. 1912, 45, 2424). 
j (0) By treating a mixture of the alcohol, 
red phosphorus, sodium sulphate and sodium 
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sulphide with bromiwe. This method which gives 
yields of 60-60 p.c. is based on the reactions : 

(1) SR-OH+SBr+P-SEBr+HaPOg. 

(2) 4H3P0a+NaaS0,-Na2S+4H3P04. 

(3) Na 3 S+H 3 P 0 .-Na.HP 04 +H 2 S. 

(4) RBr-f-HjS^R SH+HBr. 

( Moreshkovski, J. Russ. Phys. Chem. >Soc. 1014, 
40, 1082.) 

Aromatio mercaptans can be obtained by 
acting on the diazo-aromatic comijounds with 
potassium ethyl xanthato and decomposing the 
compouml thus formed with caustic alkali 
(Lonhart, J. pr. Chem. [ii.] 41, 170 ; Bourgeois, 
Rec. trav. chim. 1800, 18, 426) ; by tin*, reduction 
of the chloride of the sulphonic acid derivative, 
and by the electrolytic reduction of the tlno- 
chlorides or their nitro derivatives in sulphuric 
acid solution using lead electrodes and keeping 
the anode liquid at 20° (Pichtor and Bernouilli,, 
Bor. 1000, 42, 4308). 

Mercaptans of the anthracene series are 

obtained by heating together the haJogenated 
anthraqiiinoiies and tlie alkali aulphicles or 
hydrosulphides (I). K. P. 204772, 208(M() ; Prdl. 
1008-10, 20) 

Mercaptans of the anthraquinone series arc 

obtained in tiie following manner : 10 kilos. 

ol anthraqiiinone-a-thiocyanate are made into a 
paste with 20 litres of alcohol and boiled uudei 
a reflux coudonaer with 60 lities of a 10 pc. 
sodium hydroxide solution until the profluct j 
forms a clear cherry-rod solution in water. Hot | 
water is now added until the whole jiroduet is 
dissolved, and after filtration the mercaptan is 
]»t'eci[)itated by addition of hydrochloric acul 
containing a little suljihurous acid (D. R. P. 
208f»40, 1007 ; 212807, 1000 ; J. Soc. Chem. fnd. 
1900, 460). 

Mercaptans yielding dyes with diazo eom- 
])ounds can be Obtained by heating sodium 
naphthalene-^-sulphonato and a 00 p.c. solution 
ol potassium hydrosulphide for 3 hours at 20^°-, 
220° under a pressure of 10-12 atmospheres in 
ail iron vessel. The product is then treated 
with dilute hydrochloric acid and extracted 
with ether. The disulphide which remains un- 
dissolved can also be converted into the mercap- 
tan by heating with potassium hydrosulphido 
and alcohol. When benzene sulphomc acid and 
w-disulphonic acid arc similatly treated, coloured 
products having the odour of mercaptans are 
formed (Schwalbe, Ber. 1006, 39, 3102). 

Properties . — The mercaptans are mostTy 
liquids insoluble m water, soluble in alkahs and, 
particularly the lower, more volatile ones, have 
a very characteristic disagreeable odour, their 
smell being indeed a far more delicate test than 
any of their chemical reactions. Like hydrogen 
siiljihide they are readily oxidised by oxidising 
agents and oven by air, forming disulphides 
2R'SH+0=RS’SR-|~H20. When oxidised with 
nitric acid they form sulphonic acids 


dyes wool and silk a bright green, fast to light 
but turning yellow (owing to the liberation’ of 
the free base) when treated with alkalis (Auten- 
rieth and Briining, Ber. 1903, 36, 3464). 

The alkyl mercaptans and their derivatives 
react in general with acid chlorides to lorm esters 
of the corresponding thio acids thus : 

3RSH+PC1l3-P(SR)8-f3HCl 
or (COCl)2-hPb{.S(l3H,)2=(CO-S-C3H5)3fl-PbCl3. 
The final jiroducts of the reaction, however, 
depend on the stability of the ester formed, or, 
if it is unstable, on the manner of its decomposi- 
tion. When treated with hot potassium hy- 
droxide solution, the stable esters are converted 
into the mercaptido, whilst with alf oholic potas- 
sium hydrosulphido they yield potassium thio 
salts (Jones and Tasker, Chem. Soc. Trans. 1909, 
1904). 

With sulyhuryl chloride, the mercaptans 
react thus : 

8 RSH+ 48 OCI 2 - 8H01+2S()2+3(R-LS)2-f-R2S4 
and 4RSH-|' f50(fl2--''(R'iS)2-j“R2S3"l~H20-|-2H,Cl 
which reaction jircjionderates depending on the 
conditions of the experiment (.lones andTasker, 

J9J0). The reaction of mercaptans with 
nitrosyl chloride and with thionylaiiilino is 
I similar to that witli sulphuryl chloride. When 
j nitrosyl chloride is added to a Tuercaptan, the 
I latter absorbs it, loiimng a rich cherry-red 
coloured solution which rapidly evolves nitric 
oxide and finally loses its colour. In a freezing 
mixture of solid carbon dioxide in other, however, 
hydroxylaminc hydrochloride is formed (Jones 
alid 'fasker, I c. ; Tlolmberg, Ber. 1010, 43, 226). 

Mer<‘a])tuns combine with aldehydes in 
the presence of hydrogen chloride, forming 

mcrcajitaU^ Ji ‘CHO 1 2H SR' — R'('11(SR')2 
(Baumann, Ber. 1885, iS, 883 ; Blanksrna, Rec. 
trav. chim. 1001, 20, 300). They are insoluble 
in water, stable in tlio cold but readily decom- 
posed on wanning. 

Morcajitans combine with certain sugars in 
c.ooled hydrochloric acid solution, forming mer- 
captals (Fischer, Ber. 1804, 27, 673). 

Glucose ethyl nicrcapkd 0 ,Hi 205 (SEt)a farms 
slender colourless needles or thin plates, m.p. 
127°-128°, aD-29'8° at 60°. It has a bitter 
taste and decomposes on distillation, yielding a 
jiroduct with an odour of roasted onions. A 
number of other similar mercaptak are described 
by Fisohor. 

Similarly, the mercaptans condense with 
ketones, forming mercaploks 

RaCrO+ill SR -B2C-(SR')2+H20 
(Baumann, l.c. ; Posner and Fahrcnhnrst, Bor. 
1899, 32, 2749 ; Blanksrna, l.c.), and the latter, 
on oxidation, yield disulphones. 

The nature and stiiibility of tWb mercaptoles 
and disulphones formed by the interaction of 
kotonic esters and the mercaptans depend both 


R-SH-fOs-RSOjH 
Mercaptans condense with nitriles thus : 
RSH-+-R'CN-NH : OR'-SR 
Thus by the action of ethylene cyanide on 
ethylene sulphhydiate, succinmmodithioethyi- 
ate ether (CiIaC 4 NH)‘S-('H 2)2 is formed, the 
hydrochloride of which is an amorphous dark 
green powder soluble in water ; the solution 


on the nature of the ester and of the mercaptan 
(Posner, Ber. 1901, 34, 2643). 

a-, P; or y-I)iketones containing both car- 
bonyl groups attached to tnethyl radicles, 
readily react with four molecules of a mercaptan 
yielfling diinercaptolcs which on oxidation yield 
tetrasuTphones. If, however, one of the car- 
bonyl groups of the diketones is attached to a 
substituted methyl group, the ketone reacts 
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with only two moleoules of a mercaptan forming 
a ketomercaptol which on oxidation gives a 
kcto-disulphouo. A number of those products 
are describ'd by Posner (Ber. 1900, 33, 2983). 

In the presence of hydrochloric acid, the 
morcaptaifts react with un, saturated ketones, 
forming both addition and condensation pro- 
ducts (Posner, Ber. 1902, 35, 799; 1904, 37, 
502 ; see also Fasbender, Ber. 20, 460) ; but if 
piperidine or sodium cthoxide is employed as 
catalytic agent instead of hydrogen chloride, 
only additive products are obtained (Ruhomann, 
Chetn. Hoc. Trans. 1905, 17, 461 ; Proc. Roy. Hoc. 

1904, 251). The number of mercaptan groups 
uniting with A dioleiinic ketone also depends on 
the nature of the catalytic agent. 'J'he mercap- 
tans also combine with many unsaturated 
hydrocarbons and acids (Posner, Ber. 1905, 3H, 
646; ibid. 1907, 40, 478S). 

According to Htadler (Ber. l!f.84, 17, 2075), 
the inorcaptans of the aliphatic series react witii 
diazo compounds yickbiig explosive substances. 

&7/iy/Z incrcajtUtii. (mercaptan), produced 
teehmcally by the interaction of ethyl chloride 
and potassium hydrogen sulphide, is a sparingly 
soluble liquid with a very disagreeable smell, 
b.p. 36•2^ sp.gr. 0-83907 at 2074° {v. Ethyl 
i^ulphydratc, art. Ethyl). It may be formed 
synthetically by passing hydrogen sulphide 
through a solution of alunuiuum bromide in 
ethyl bromide and treating the AlBr 3 -EtBr,H 2 S 
(snow-white crystals, m.p. 81°) with water 
(Plotnikov, J. Russ. Phys. (!liem. Hoe. 1913, 45, 
1162). It IS also produced hy the action of 
yeast or zynieso solution on thioacetaldeh 3 ^dc 
(Neuberg and Nord). It combines with aitetone, 
forming dimethyl diethyl mercaptole, wliieli 
when oxidised with potassium permanganate 
yields diethyl sulphomethyl mctliane (acetonc- 
diothyl Hulphono) Me./!(HOaEt) 2 . The latter 
crystallises in colourless prisms, m.p. 126°, 
is sparingly soluble in water ainl is employed 
in medicine, under the name ‘sulphonal,’ as a 
soporific. Trional MeEtC(H 03 Et). 2 , m.p. 75°, 
and tetronal Et 3 C(SOgEt) 2 , m"p. 85°, arc pre- 
pared similarly and are also used in medicine 
(y. 'fETEONAL AND TeIONAL). 

Ethyl mercaptan has no action on anthra- 
quinono or phenanthraquinone, hut it reacts with 
quinono forming quinol, quinby drone, and thio- 
aldehyde and under certain conditions it forms 
a red crystallise compound in which two hydro- 
gens in the quinone nucleus are substituted by 
HBt groups (Tarbouriech, Bull. Hoc. chim, 1901, 
Liii.] 25, 313; Hammis, J. Amer. Chera. Hoc. 

1905, 27, 1120). 

Ethyl rtiemiplophth ah m ? dc 

becomes plastic at 76° and melts at 79°-80°. 
When boiled with 20 p.d^ hydrochloric acid it 
yields phthalic acid and aminoraercaptan 
hydrochloride NHsjC 2 H 4 SH,HC'l (Gabriel, Bor. 
1891, 24, 1110, 3098). 

Phev/yl mercaptan has b.p. 169*5°; p-tolyl 
mercaptan, b.p. 195° ; m-tolyl mercaptan, b.p. 
195-6° ; and ^-naphthyl mercaptan, b.p. 288° 
(Bourgeois, Ic . ; Autenrieth and Geyer, Her. 
1908, 41, 4256). 

f^Tolylaminoanthrnqninone mercaptan 
C^H^NHCijH.OaSH 


forms dark blue needles and yields on sulphona- 
tion a violet wool dye (D. R. P. 206636, 1^9). 

A nhydroformaldehyde dirmthyl-p-phenylene- 
diamine mercaptan {5-dimethylamino-2-mpthylem- 
aminophenyl mercaptan) SHC 3 Ha(NMe 2 )N : CHg 
is formed by treatmg cw-dimethyl-p-phenylene- 
diamine thiosulphonic acid dissolved in aqueous 
ammonia, with formaldehyde and hydrochloric 
acid. It rapidly polymerises and is isolated as 
the ferrocyanidc 30jHi2N2S,2H4Fe(CN)„5HaO. 
When the freshly prepared mercaptan is treated 
with sodium nitrite and hydrochloric acid it 
juclds 5-flimethylaminobenzthiazole 

NMe2•C,Ha<^^CH 

m.p. 7.T-74° (Schmidt, Ber. 1 906, 39, 2406). 

M erraplot/nazok.s are preqiaretl by the con- 
densation ot a-halogcnated ketones with am- 
monium dithiocarbamate (Miolati, Giizz. cliim. 
ital. 23, J. 575) 

Ethyl methyl mcrcaplothiazolecarhojrylatc 
,C(8H)S-CX)2Et 

I 

H;Mc:C 

melts at 141", and is soluble in alcoliul and 
ether but not in water ; the free acid has m.p, 
211 - 212 °. 

Melhylmereaptoihiazolc melts at 89°-90‘' 
and is soluble in organic solvents. Phenyl 
mcrcaplothiazole melts at 168°. 

For a number of mercaptothiazohne deriva- 
tives, see Jlirsch (Ber. 23, 964) ; KaJian {ibidi 

1897, 30, 1318); Gabriel and Leupold (i6td. 

1898, 31, 2837) ; Janccke [ibid. 1899, 32, 1103) ; 
Straus [ibid. 1900, 33, 2830). 

M ercaptogulacloxazoh ne 

/CH 2-1 !H(CH -oh ) ,( JH 2 -OH , 
n/ I 
\CSH-0 

m.p. 185° -186°, is formed by heating galact- 
aipme with carbon disulphide. Like the corre- 
sponding dextrose derivative it gives a crystalline 
compound with silver nitrate (Roux, Compt. 
rend. 1902, 135, 691). 

A’H:N 

2-Mecaptoquinazohw CgH 4 -(' | , is 

\N : G-HH 

prepared by the action of potassium hydrosul- 
phide on the chloro compound. It crystallises 
in hexagonal plates, sinters at 225° and melts 
at 229°-23r (Gabriel, Ber. 1903, 36, 800). Mer- 
capto oxazoline derivatives are described by 
Maquenne and Roux (Compt. rend. 1902, 134, 
1589). 

Many other mercaptan derivatives have been 
prepared (Baumann, Ber. 1885, 18, 891 ; Jacob- 
son, ibid. 1887, 20, 1895 ; ibid. 1888, 21, 2624 ; 
Klason, tbtd. 20, 3409 ; tbid. 28, ref. 942 ; Freund, 
ibid. 1896, 29, 2183 ; Brjuchonenko, J. pr. Chem. 
[ii.j 59, 46, 696 ; Eibner, Ber. 1901, 34, 667 ; 
Freund and Bamberg, ibid. 1902, 35, 1753 ; 
Posner, ibid. 799 ; de Jong, Rec. trav. chim. 
1902, 21, 295 ; Autenrieth and Geyer, Ber. 1908, 
41, 4249, 4256; Poliak, Monatsh. 1914, 35, 
1445, 1467 ; Rennert, Ber. 1915, 48, 469; 
Poliak and Schadler, Monatsh. 1918, 39, 129 ; 
PoUak, von Fielder and Roth, idem, 179) 

MtreapUdes are formed by the action of the 
inetdl on the mercaptan (as in the case of the 
alkali salts) or by the interaction of an alcoholic 
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solution of the mercaptan with the oxide or 
acetate of the metal. 

Many such crystalline compounds are known. 
They are mostly decomposed by mineral acids, 
with liberation of the mercaptan, and react with 
alkyl halides forming thio ethers, thus : 

li8|Na+l|H'=R-S-R' 

(OtU),. J. pr. Chem. 181)5, (?i.] 51, 285). With 
ethyl a-chloroacctoacetate they yield alkyl sul- 
phide and ethyl diacctyl succinate : 

2R.SN'a +2CMeO •( TlCl •( !( ) ..E t 

- 2Na(Jl+R2S2 1 ((dlAc-COaKt)^ 
(Finger and Hem meter, J. pr. ( Ihem. 1909, 79, 
449). 'the mcrcaptides react with mustard ods, 
forming dithiouret-hancs ; 

RN(JiS-f R'SNa liCI 

R-N : (ISNa -WR' Na( '1 1 RNH T'S-SR', 
and this is suggested by Rosehdestvensky as 
a good method of identifying the mereaptans 
(J. Russ. Rhys. Ohem. Soc. 1909, 41, 1498). 

Mercury mm-aptidc (FtSlgllg crystallises in 
white leaflets. With mercuric chloride, however, 
ethyl mercaptan forms a sjiarmgly soluble 
double salt, EtS'HgCI. Similar iodide and 
bromide compounds po also known (r/. Ray, 
Cheni. Soc. Trans. 1919, 871. 

Mercuplvric acid-s are hydroxycai boxyhc 
acids in which the hydroxyl group is replaci'd 
by an 8H group ((Wins, Annalen 124, 49; 
Claesson, Her. 1877, 1940 ; Friedmann, Hcitr. 
Ohem. Physiol, Path. 1909, 4, 480). 

Mercd'ptal acidw are olitaiiicd by the con- 
densation of aldehydes with thiol acids (Holm- 
b(‘rg and Matti.sson, Annalen, 1907, 959, 129).. 

Selemum and tellurium form compounds 
corresponding with the niercajitans and having a 
similar offensive smell. 

MERCERISING. Mer(!eri.siiig or ‘ lustreing ’ 
consists in impregnating cotton fibres with con- 
centrated caustic soda lye, either with or wiihotit 
the application of tension, and in stretching the 
material before and during the removal of the 
soda by means of washing. 

John Mercer noticed in 1844 that cotton 
fabrics, when immersed in concentrated soda lye, 
became transparent and that a considerable 
swelling and shrinkage of tlie fibres occurred. 
He also found that the soda could be readily 
removed by washing with water and that the 
fibres afterwards again became ojiaque and 
exhibited increased affinity for a number of dyo- 
stuff.s. The fact that concentrated caustic soda 
lye causes the cotton fibre to contract seems, 
however, to have been known in France at the 
time when Mercer made his discovery (J. Hiib- 
ner, J. Soc. Dyers and Col ^1911, 27). The 
treatment briefly described abov^was patented 
by Merep in 1850. About the same time, he 
applied his discovery to the ‘ crimping ’ of cotton 
fabrics, by printing stripes upon the fabric with 
thickened concentrated caustic soda lyo, with the 
result that the portions printed upon became 
contracted, whilst the parts which had not been 
acted upon by the soda became drawn together 
or ‘ crimped.’ 

It has been sugpsted that ‘ hydrated cellu- 
lose ’ is the result of meroerisation, but although 
mercerised cellulose contains more water in the 
air-dry condition than ordinary celluloBc, 


I C. G. Schwalbe (Zeitach. angew. Ohem. 20, 2172, 
] 1907) and H. Ost and F, Westhoff (Chem. Zeit. 
39, 197, 1907) state that they have not been able 
j to prove that mercerised cellulose contains 
chemically combined water. It should also bo 
j pointed out that the excess of water ‘contained 
in mercerised cotton can bo readdy removed by 
1 drying (J. F. Copley, J. Soc. Dyers and Col. 24, 
: 72) ; by the application of heavy pressure after 
I mercerising, whilst the material is still in the 
' wet state (.1. Hubner, Eng. Pat. 12456) ; by ex- 
I traidioii with absolute alcohol (J. Hubner and 
! F. Teltscher, J. Soc. (fliem. Ind. 1909, 28, 041) 
and by drying at ordinary temperature over 
calcium chloride or phosphorus pert^,oxide. 

In 1889, If. A. Lowe observed that if a cotton 
fabric is prevented from contracting during 
tnuitinent with concentrated caustic soda lyo 
and subsequent washing it acquires a silk-like 
lustre (Eng. Pat. 20914). Lowe allowed his 
patent rights to lapse and in 1895 I’homas and 
Prevost patented the same proce.ss in Germany 
(G(‘r. Pat. 85504). Tins jiatent was, however, 
ultimately annulled. 

Mercer had already noticed that effects, 
similar to those obtained by caustic soda* 
could be produ(!ed by the application of sul- 
])hurie acid, [ihosphorie acid, and zinc chloride. 
Soon after the publication of Thomas and 
Prevost’s patent, a largo number of patents of 
doubtful value were taken out m order to 
[irotoet the application of various mercerising 
agents. The fact that a superior lustre could bo 
obtained on the long-stajiled Sea Island and 
Egyptian cottons w-as also made the subject of 
a jiatcnt (.see Gardner, Die Mercerisation der 
IJaumwoUe). 

Knccht (J. Soc. Dyers and Col 1896, 12, 89) 
found that cotton could be mercerised by 
treating it w ith nitric acid of 83® to 84"Tw., and 
J. Hiibner and W. J. Pope (J. Soc. Chem. Ind. 
1909, 22, 70) discovered that saturated solu- 
tions of iodides produce a similar effect. A 
saturated solution of barium-mercuric iodide 
produces practically the same degree of shrinkage 
and increased affinity for dyestuffs as con(;en- 
trated caustic soda lye. 

Mercer pointed out that soda lye of as low a 
strength as 20®Tw^, produces a distinct effect on 
the cotton fibre, and it had been commonly 
accepted that lyes below this strength exerted 
practically no action on the fibres.* Hubner and 
Pope (J. yoc. Chem. Ind. 1904, 23, 404), how- 
ever, found that a lye of only HTw. concen- 
tration appreciably increases the affinity of the 
cotton fibre for the substantive dyestuffs and 
produces a certain degree of shrinkage. They 
also showed that the degree of shrinkage is not 
directly proportionate to the concentration of 
the lye used, and that maximunyshrinkage is 
produced by a soda lye of about 45°Tw., whilst 
the shrinkage again decreases if the strength of 
the lyo is increased above 46®Tw. 

This supplied an explanation of the fact that 
cotton yarn and cloth, after treatment under 
tension with soda lye of 60® to 70°Tw., are fre- 
quently torn on the mercerising machine during 
the first stages of washing. 

It had been generally assumed that a mer- 
cerising agent, in order to produce lustre on the 
fibre, must exert a shrinkage and swelling action. 
Hubner and Pope (Ic.) observed that the agent 
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must also be capable of untwisting tbe naturally 
twisted cotton fibre. 

This, coupled with the fact that single cotton 
fibres (Fig. 1) are twisted in parts to the right 
and in parts to the loft, several changes in the 
direction of the tuist being noticeable in a single 
fibre, affords a rational ex])lanation of the pro- 
duction of lustre in mercerising. As a result of 
the untwisting of these different twists during 
mercerisation under tension, during which 
operation the fibres are firmly held by the twist 
of the yarn, the original ribbon-like twisted fibre 
becomes converted into a straight lod, of nearly 
circular cross-section, whuii carries on its surface 
smooth eleATations in the shape of rounded 
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ridges, which reflect ilie light falling on them 
from any direction (Fig. H), Maximum lustre 
can, therefore, only bo obtained it the mer- 
cerising agent is capable of producing shrinking, 
swelling, and untwisting of the fibres in a high 
degree. Waj;erglass, glycerol, common salt, if 
added to the caustic soda lye used in mercerising, 
diminish the extent of the swelling and tlie 
shrinking of the fibres, the lustre obtained is, 
therefore, inferior to that produced by caustic 
soda alone. Sodium sulphide, nitric acid, and 
hydrochloric aoid» which cause untwisting of the 
fibre, accompanied, however, with but little 
shrinking and swelling, give still loss lustre, 
whilst barium-merouric iodide, which produpes 
maximum swelling and shrinking but no un- 
twisting, jiroduees practically no lustre. 

(Uadstone (,1. Chem. Soe. 18511, 5, 17) sug- 


gested that in mercerising a definite chemical 
compound, ‘ soda cellulose ’ (CjHioOjjjNaOH, is 
formed, which decomposes readily on treatment 
with water. J. Hiibner and F. Teltsoher (J. 
Soc. Chem. Ind. 1909, 28, 614) have shown 
that the existence of such a definite compound 
is very doubtful and that the amount of soda 
retained by the cellulose after extraction with 
absolute alcohol is much smaller than that 
given by Gladstone. 

'Flic dyeing properties of mercerised cellulose 
have been studied by a number of investigators. 
K. Haller (Zeitsch. Farb. und Textilchemie, 1907, 
8, 125) assumes that the soda lyo removes 
the eutimsed layer from the lihres, thus exposing 
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pure cellulose, which is capable of absorbing 
dyestuffs more readily. 

In order to thoroughly mercerise the fibres, 
tl.c material must be allowed to remain in con- 
tact with the soda lye for about J to 1 minute. 
Although it i^ tno practice in some works to 
allow the material to remain for a considerable 
time in contact with the soda lye after impreg- 
nation, and before stretching and washing, the 
results obtained are in no way superior to those 
obtained when working continuously. 

Uniform results in mercerising can only he 
obtained if the soda lye used is kept at uniform 
strength and temperature. Special refrigerating 
machines are frequently employed for cooling 
the soda lye. 

Doubled yarns, made of long -stapled Sea 
Island or Egyptian cotton, give the most 
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brilliant results in mercerising, but good results (economy of recovery of the caustic being of 
can also be obtained on yams spun from combed importance, it is customary, in order to obtain 
American cottons. Single yams cannot be a wash-water containing a high j>orcentage of 
successfully mercerised on account- of the twist caustic soda, to conduct the washing on the 
being too weak to resist the shrinking of the counter-current principle, 
fibres. The best results in mercerising cotton For this purpose three or more sits of spirt 
fabrics arc obtained on face cloths, such as pipes are provided, clean hot water being intro- 
sateens, Italian linings, &c. A considerable j duced into the first set of pipes, which are placed 
change in the structure of the fabric takes place : nearest the delivery end of the machine, whilst 
during morcerisatioii (J, Hubnor, J, Soc. Dyers | the same water is then used successively in the 
and Col. 1911, 27, 128). j other sets. The cloth is ultimately Veleased 

The removal of all loose fibres from the sur. j from the clips and passed through a number of 
face of the material by careful singeing leads tanka containing hot water and weak acid and 
to an increase of the lustre of the mercerised j passes finally through a washing machine, 
fabric. ; With a view to ensure complete penetration 

(/otton yarn is usually mercerised after it j of cotton fabrics when mercerising at a high 
has been boiled m the kier, whilst cotton fabrics ! speed, Mather and Platt have introduced a 
are sometimes only scoured before mercerising, j mercerising plant in which the fabric, after 
More frequently the fabriis are mercorisod after | having been impregnated in the mangle, is con- 
the first ‘ boil ’ in the kier, or in some cases afte> j ducted over if nmnbor of iron <lrum8, from which 

they have been bleached C chemiekod ’), Cott4m it passes into a second impregnating mangle, 

ill the loose state, as it comes from the hale, i before being conducted on to the stentenng 
eaniiot be suceessfiilly mcrcerisc<l. ; frame. 

A numbm- of methods have b*‘en suggested ; Krais has jiutenris) an arrangement by means 

ftir meicerismg cotton in the state' ol ‘ shvi'f,’ id which tlie soda lye is forced out of the cloth 

but none of these methods 1ms, so tar, found any ' by blowing steam against it. 
cKtiMiHivfi practical application. j In oj'der to enable the soda lye to be used 

No satislactory lustre can be produced by j over again, tlie wasliMmtcrs are concentrated 
treating cops or ^ ciuieses ’ (cross-wound spools) I in multijdc-etfect evajiorators and ultimately 
with caustic soda lye ; but cotton yarn in the ■ treated with caustic lime, 
hank is very largely and successfully mercerised. Reacitom for the charaderiaution of mercerised 
Automatically working machines are used for j cotton. — Although thoroughly mercerised cotton 
this pur]) 08 c, in which the yarn is stretched, by I fibres exhibit very specific microscopic charac- 
subjection to tension, over heavy iron rollers, teristics (see Fig. 2), it is exceedingly difficult in 
both during irii])icgiiatum with the lye and | many instances to decide with certainty whether 
during washing. i goods have been mercerised or not, because the 

Cotton warps can he nuifcorised in a machine , fibres have frequently only been incompletely 
rosombling the ordinary warp-dyeing machine. [ penetrated by the soda lye. The following 
The warp is usually iinprcgnal-ed with the soda chemical reactions (J. Hiibner, J. 8oc. Chem. 
lye in tlie first two (iompartmenia, while it is Ind. J908, 27, 105) may be used in order to 
washed free from soda in the other compart- asccrtaiii whether cotton has been treated with 
ments. Provision should be made iii ordi^r to caustic soda lye. 

allow each siiceessive set of squeezing roller*) to J. ]f dark -eolouicd samples have to be 
bo run at a slightly higher speed. In some cases, tested, it will be necessary to first discharge 
war^is arc mercerised m a machin«* resembling the colour and to completely remove any 
the yarp slasher.’ starch wliieli may be present. 'J’ho sample 

Although a grcjit variety of maehinea have should then be squeezed between filter-papeir 
been invented and usi'il lor mereerising cotton and immersed for a few seconds in the following 
piece i^oods, machines in which the fabric after solution : 20 grams iodine dissolved in 100 o.c. 
impregnation is stretchcdgoii a ‘ clip stenter,’ of a saturated solution of potassium iodide. If a 
are now chiefly employed. A complete iner- iiou-mercerised sample is immersed along with a 
cerising range consists of a padding mangle, the mercerised one and if, after removal from the 
stentpr with washing arrangement and jibe iodine solution, both samples are washed re- 
necessary washing, souring, and washing cis- peatedly in water, it will be noticed that the non - 
terns. Jn the padding mangle, the cloth is mercerised cotton becomes white, whilst the 
usually twice impregnated with the caustic soda mercerised sample remains of a bluish-black 
lye and squeezed after each im])rognation colour, wliich only fades very slowly on pro- 
between cast iron and indianibber bowls. The longed washing. 

trough containing the lye is often provided with 2. Two solutions are prepared, (a) containing 
an outer cavity to which ice be supplied or 280 grams of zinc chloride in 300 c.o. of water 
through which refrigerated brine may be cir- and (6) J gram of iodine, 20 graiffs of potassium 
oulated in order to keep the lye at a low and iodide, 100 c.e. of water. The reagent is pre- 
uniform temperature. After impregnation, the pared by adding about 10 drops of (6) to 100 o.c. 
cloth passes usually directly on to the stenter in of (a). A mereerisod pattern, immersed in this 
which the edges are seized and held by two end- solution for about 20 minutes, turns a dark 
less chains of clips, which travel along each side reddish-blue, whilst non-morcerised cotton re- 
of the stenter. The end of the stouter at which mains practically w hite. 

the cloth enters is tapered and thus the fabric is By immersing samjiles which have been 
gradually stretched out to its ‘ grey width,’ after mercerised with known strengths of caustic 
which the chains run parallel to the delivery end. soda along with the one under examination, it* 
While on the stenter the caustic soda is removed is possible, by comparing the depth of colora- 
by showering hot water on the cloth. The tion of the samples, to ascertain, with a certain 
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degree of accuracy, the strength of caustic soda 
which has been employed in mereerisation. 

J. Hu. 

MERCURIC FULMINATE v. Fulmwic acid ; 
also Explosives. 

MERCURIOCOLOLEO. Double . oleatc of 
chlolesterol and mercury. 

MERCUROCHROME. The disodium salt of 
dibromoxyraerciir 3 dluoresoein used as an anti- 
sei)tio for the geriito-iirinary tract. Iridescent 
P'oen scales or granules, odourless and permanent 
in the air. Fn ely soluble in water, soluble in 
dilute alcohol, insoluble in chlondorm or etln r. 
Does not ])re(npitate proteins and does not give 
the usual tes^s for mercury. Gives with Iiydio- 
chlorie acid an orango-red ])recipitate. 'J’be 
solution stains the skin red. The free acid is a 
red powder insoluble in water but n'UJhly 
soluble in sodium hydroxide solution with a 
deep cherry-red colour showing flboreseenee on 
dilution. 

MERCUROL, MERCURIOL, MERCOCHI- 
NOL, MERGOL, MERIODIN v. iSynthetio 

DHUGS. 

MERCUROPHEN. Trade name for oxy- 
mercuri-o-nitrophonoxide, an «»dourless, brick- 
red powder, used as an antise])tie. Has a loAvei 
toxicity than mercuric chloride, but is much 
more active as a germicide. 

MERCURY. Quicksilver. {Mcrrvrc, Fr : 
Queck, •filler, Ger.) Sym. llg. At.w. 2('0-b:i 
(Easley and Hrann)*; 2()()-.‘17 (Taylor and 
Hulett) ; 2()0-r)7 (Baker and Watson). 

Ores. Native luercary occurs as a dcconijiosi- 
tion product of cinnabar in the upper portions of 
the deposits of that mineral. Tlie mercury is 
usually disseminated through the ore in the form 
of minute globules which sometimes collect in 
cavities in the rock. In California, native 
mercury disseminated through serpentine or in 
detritus has been found near ihc outcrops at the 
•Sonoma mine, Ilattlesnake mine, <Jic,, associated 
with mere traces of cinnabar. At greater 
depths the ore is always cinnabar alone (Egles- 
ton’s Metallurgy of Silver, (^old, and Meicury 
in the United •States, ii, 801). 

Native amalgam containing about 70 ]Kc. of 
silver is found in crystals belonging to the cubic 
system at Arqueros, near Coquimbo, at Moschel- 
landsberg in the Rhine provinces and elseuhere 
Native calomel (liorn lacrcury) HgCl occurs at 
Idria and Alrnj'iden, and selenide, suljihoselenide 
{onofrite), and other compounds of mercury 
have also been found in small quantities in 
various localities. Oxychlorides of mercuiy 
{terlinfjuaitCf eglestoiiite and moniroi/diif) occur 
with cinnabar in Texas. 

Cinnabar HgS is the only ore which is 
regularly worked for mercury. It is dimor- 
phous. The red variety, cinnabar proper, occurs 
in rhombohedtal crystals, but is usually found 
massive or earthy, intermixed with quartz, 
sandstone, schists, bituminous substances, iron 
pyrites, &c. It is distinguished by its red 
colour and scarlet streak. Its hardness is 2 '5 
and its specific gravity 8-1. When intermixed 
with bituminous substances which give it a dark 
colour, it is known as hepatic cinnabar. Cinna- 
bar occurs in eruptive rocks and in sediment^rv 
roclp of all ages. Meta-cinnabarite is a black 
variety of cinnabar with a black streak It 
occurs in tetrahedral crystals but is usually 


massive, associated with cinnabar. Its hardness 
is 2 and its specific gravity 7*8. (Quicksilver, 
Imperial Mineral Resources Bureau ) 

The chief deposits arc at Almaden in Spain, 
at Idria in Carniola, at Monte Arniata in Tuscany, 
and at New Idria, and other localities in 
California. There are also deposits in Texas, 
Nevada, Mexico, the Carpathian mountains, 
Russia, China, Asia Minor, and in other coun- 
tries. 

'J'ho famous Almaden mines in Spain were 
known to Theojdirastus, .‘11.^) n.o., as furnishing 
cinnabai to the Greeks, and they were after- 
wards worked by the Romans. 1’he cinnabar 
permeates or occurs as pockets in thick veins of 
quartz inelined at a high augle and contained in 
Sdurian slati's (Phillips’ Ore Deposits, 374). The 
ore contains bituminous matter and iron jiyrites. 
Native mercury aceumulates in the numerous 
clefts and cavities in the dejiosit. The richest 
ore contains about 25 ji.c. of moicury, and the 
mean yield of the ores, worked in lbJ8, was l)‘5 
p.e. (Quicksilver, 1913-1919. Imperial Mineral 
Ke>ource.s Bureau), 

At Idiia the sulphide occurs as a daik red 
slaty deposit (sontaincd in veins or disseminated 
in triassic shales and hmcHioiies. ISome hepatic 
cinnabar occurs and also koralknerz or coral ore, 
which contains calcium phosphate (Phillips, l.c. . 
329; Lipoid, Ocsteir. Zeitseh. 1882, 30, 84). 
The mines W(!re discovered in 1490 and have 
been in the hands of tlie Government since 1580. 
'J’he ore varies in giade from Mahleiz, containing 
75 p.e. mercury, down to ores oontaimng 0'2 p.e., 
the average being about 1 *1 p.e. 

At Monte Amiata, cinnabar occurs as 
S(‘grcgatioriH in lOocene lurmations. These 
di'posits w^ere exploited by the ancient Etruscans 
and again in the Middle Ages, The present 
ojKTations were begun at Siej,e in 1840. The 
average amount of quieksiher contained in the 
ores was 0 8 p.e in 1908. The output has rismi 
from J 73 tons in 1 898 to 1 303 tons in J 920 (Spirek, 
Zeitseh prakt. (tOoI. 1897, 309 ; 8ehnabel ami 
Louis’ Metallurgy, 2nd od. n. 335 ; dc Castro, 
Le Mimere di Mercuno d(4 Monte Amiata; 
Quicksilver, 191.3-1 919). 

At Nikitow'ka, the ore consists of sandstone 
of carboniferous age impregnated with cinnabar. 
In 1900, the yield of^mereurv w as only 0'-28 p.e. 
and the production fell from 01 0 tons of mercury 
111 JS97 to 47 tons in 1908. The deposits Avere 
woyked by the ancient Greeks, and after a lapse 
of 2000 years operations were begun again in 
1880 (Schnabel and Louis, l.c.), but have been 
trilling m extent since 1912. 

In California cinnabar occurs disseminated 
thiough a zone of slates, serpentine, sandstones, 
and limestones of Cretaceous and Jurassic age. 
Sonic rich ore occiirs, especially where serpen- 
tine and sandstone are in contact, but the 
average yield is now' under ()-4 p.e., although it 
was 30 p.e. in 1850 with a similar output. The 
deposits were known to the Indians, who used 
the cinnabar as paint, but the mines were first 
worked systematically in 1845. The most im- 
pel tant mines aie New Idria and New Almaden, 
but the latter now yields very little, being 
almost exhausted. 

Mercury also occurs as a sulphide in ores of 
other metals. The mercurial fahlore {see Fahl- 
obe) of Hungary contains up to 17 p.e. of 
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mercury. At Kotterbaoh this fahlore occurs in 
spathic iron ores (Schnabel and Louis, l.c. ii. 438), 
According to Bollingrodt (Chein. Zeit. 1880, 10, 
1030), zinc blende roasted at Oberhausen con- 
tains 0*2 p.c. of mercury which is extracted as a 
by-product. Zinc ore is also treated for mercury 
at the Taghit mine, Algeria (Min. Ind. for 1002, 
11, 648). At Nipissing, Cobalt, Ontario, silver 
ore occurs contriining from 2 6 lbs. mercury 
per ton, cliiefly in the form of native amalgam 
(Eng. and Ming. Jour. Dec. 7, 1012, 1078). 

Extraction from ores. Jliere are two 
methods of oxtiueting mercury from cinnabar 
suitable for use on a largo scale ; — 

1. By heating cinnaliar in air, the action 
being rcprcsontiid by the equation 

HgS-f 0,- Ug 1 fSO, 

2. By lioating cinnabar witli lime or iron, 
air being excluded. Tiie chemical action may. 
be represented by the equations 

4HgS f 4Ca0-4Hg+3CalS+CaS04 
llgS+Fe-irg I FeS 

In each of these cases, the tempi'rature 
necessary for the reaction is higher than the 
boiling-point of merciny, so that the latter is 
volatilised and has to bo condensed. In the air 
roasting process, the mercurial vajiours are 
mixi'd with a large volume of sulphur dioxide, 
nitrogen, carbon dioxide, and other gases, and 
condensation is ddlicult. Nevcrthelc.ss, the 
roasting process is now generally used, jiartly 
owing to the high cost of retorting with hme or 
iron, winch prohibits the use of that method 
for ])oor ores, but mainly on account of the 
injury to the health of the Avorkmen by the 
concentrated mercury vapour which they inhale 
when the retorts are emptied. 

Some of the difficulties of treating cinnabar 
hy the roastmg process aic as follows:-— 

1. The a,uuiuMt of mereury in the ores is 
small, somet.unes only 0-2 or 6-3 p.e., and part 
of tliis is obstinately retained hy the re.sidiies, 
rieeessitatiug long-continued treatment at. a red 
heat. 

2. Tht' mercurial vapours readily penetrate 
the brickw'orlv of the furnace and condensers. 
This is chocked by keeping the jiressnre of the 
gases inSide the furnace am^condensers slightly 
liolow the outside atmo.spheric pressure by 
moans of a fan placed at the outlet. By this 
device also the workmen are protected frojn 
the mercury vapours. The exhaust must not 
be excessive or the retention of the mercury in 
the condensers would not be complete. The 
furnaces are noAv alw'ays covered with iron 
plates, 80 that penetration of the masonry by 
mercury occasions only a temporaiy loss. 

3. Liquid mercury perictifites the furnace 
bottoms. According to Spirek, over 1000 
centners of mercury have been recovered from 
the foundations of furnaces at Idria. To pre- 
vent ultimate loss, furnaces stand on iron plates 
with upturned edges, draining to a little sump 
where the mercury may collect. 

4. The gases from the furnace are acid, 
owing to the presence in them of SO^ and SO,. 
The condensed water accordingly attacks iron 
condensers, whilst most other metals, sucli as 
copper, would form amalgams with the con- 
densed mercury. Stoneware, glass, and wood. 


as well as iron are used in the construction of 
condensers. 

6. Stnpp or mercurial soot is fornu*d, con- 
sisting of finely divided mercury together 'with 
mercurj'^ sulphate, and chloride, and sooty pro- 
ducts of the fuel and the bituminous*and other 
constituents of the ore. 'The soot accumulates 
in the condensers and is treated subsequently 
by special jirocesses. At Monte Amiata, it 
contains 70 or 80 p.c. of all the mercury re- 
covered. Although inconvenient if formed in 
very largo quantities, however, soot is useful 
when amounting to about 1 p.c. of the ore 
treated, as it assists the condensed mercury 
[quu'ksilmr-und or quicks ilvcr-Jouti^) to settle in 
tJie eondonsers and dust chambers and reduces 
the vapnur loss by forming a dry crust over the 
liquid quicksilver. 

According to Christy (Trans. Amor. Inst. 
Ming. Eng. 1«S4, 13, 647; 1885, 14, 200), the 
isHuing gases are saturated with mercury vajiour 
at New' Almadcn, and the loss as vapouiLcan be 
calculated from the vapour pressure of mercury 
at the temperatuie of the gases. According to 
iSjnrek, however (Min. Ind. for 1897, 6, 671), 
the gases at Monte Aimata had a saturation of 
only 30 46 p.c., owing to the action of the 
Hiupp. Jn any case, it is clear that the tem- 
perature and volume of the issuing gases should 
he kept as low as possible. 

The mist loss, due. to line particles of mercury 
being carried away inochanieally in the effluent 
gases, depends on the method of condensation 
and the velocity of the gaseous current. Jt is 
usually from 2-21 times the vapour loss. 

According to Uuschak and 8chuette (Ming, 
and Sci. Press, Sept. 7, 1918, 315: Technical 
Pajior No. 209, U.S. Bureau of Mines) the losses 
in the stack-gas at two mines in California were 
as follows in grammes of mercury jier cubic 
metro of gas : — 

New Idrla 

Old jilaiit New plant Oceanic 
Total loss . . 0’029 0'086 0*047 

Vapour loss . . — 0*062 0*034 

Mist loss (by difl.) . -- 0*033 0*013 

The total losses in the is.suing gases were about 
1 }).c. of the mercury in the ore at the new con- 
densing plant at New Idria and 1*3 p.c. at the 
Oceanic. The gas leaving the old condenser 
system at New Idria was only Imlf saturated 
with mercury vapour. The loss in the effluent 
condenser water was about one -third of the loss 
in the gases at New Idria but was negligible at 
the Oceamc. The loss due to absorption of 
mercury by porous materials used in the con- 
struction of the condenser system may be much 
greater than, the fume loss. 

The total losses of mercury, which, according 
to Schnabel, formerly amounted 50 p.c. or 
more, have now been reduced to 5 p.c. or even 
less of the mercury present in the ores, in spite 
of the great fall in the richness of the ores 
treated. This reduction of loss is partly due 
to the labours of the metallurgists at Idria since 
1870, the names of Exeli, Langer, Czermak, 
Spirek, Novak, and others being associated with 
improvements in the methods of treatment. 
Much progress is also due to the work of the 
Italians at Monte Amiata, and especially of the 
Americans (Scott and others) in California. 
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Ores are not usually finely crushed for the 
roasting process, and they are seldom prepared | 
for reduction by means of concentration in 
water. For ten years the ore at the Comacchino 
mine, Monte Amiata, was dressed, with the 
production of a concentrate containing 25 or 
30 p.c. of mercury, and tailing assaying from 
O'6-l p.c. of mercury which was thrown on 
the dump. The tailing was subsequently treated 
at a profit in the continuous fine ore roasters 
and concentration lias been discarded (Mineral 
Industry for 1897, h, ^‘09). 

In 1914, however, several concentrating 
plants were at work in California on ores which 
were too poc^^ for treatment in furnaces without 
being dressed ]ireviously. W. W. Jlradiey has 
.shown on an experimental scale ({hnck.silver 
Resources of California, 1917) tliat certain 
friable ores with cry.stullim' enmabar give high 
riJCoveries with ivater e(jnc(‘ntrafion on tables. 
iSlimed enmabar is lost hut can be reet*vt“ie(l by 
flp(;ation, using a mixture of turpeiitme and 
jietroleum. A conihination ot the two metbod.s 
of concentration is therefore indieated. Ih'adley 
also found that mereuiy oven could h(‘ treat<*d 
by leaching with alkaline sidplnde (Na S and 
NaOH). These metiiods havi' not yet jmssed 
the experimental stage. 

Types nf furnaces, A number ol difierenl 
furnaces have b(;cu used for the t.reatmeiit ol 
meroury ore in the eoiirse ot the last 1(K) years. 
In the discontinuous shaft furnace (Alndel and 
Idria furnaccH) the ore in the form ot lumps, oi 
tinea made into balls, was jaled in a shatt on a 
perforated areh or gi’ato and heated liy th(‘ 
products of combustion of a fire ]ilaced below. 
Shaft furnaces working continuously (Mxeli, 
Langer, and Knox furnaces) succeeded, in which 
there was no grate to support the ore. The 
heating gases eutert'd the sluift at the side soiiio 
distance from the bottom. In a niorc' recent 
typo of continuous shaft furnace for ticating 
coarse ore (HfiJiner, Valalta, Novak, and Spirek 
furnaces) there is no external fire, the ore being 
charged in mixed with charcoal. 

In fine-ore shelf furnaces (Huttiior and 
►Scott, Livermore, Czermak, and Czcrmak-Spirek 
furnaces) the ore jiasses down over a series of 
sloping shelves and is heated by the gases from 
an external fire. These furnaces are more 
economical than the coarsi^-ore furnaces and 
are in wide* use. Kcverbeiatory furnaces 
(Alberti, Exeli ironclad reverberatory, Czeiinak- 
Spirok reverberatory) are used m certain eases. 
Lastly there are the retort furnaces. 

A more detailed description of some of these 
furnaces is appended. 

Aludd nr liusiamente Jimuxce . — Tins old- 
fashibned form of furnace was still in use at 
Almaden in J 907 and is probalily not yet entirely 
discarded. If is an intermittent shaft furnace, 
designed by Barba in Peru and introduced into 
Almaden by Bustamente in J 640. One form of 
Aludel furnace using w(K>d as fuel is shown in 
elevation and plan in Figs. I ami 2, and another 
and later form with a grate for coal is Pigs. 3 
and 4. In Fig. 1, a is the fire-door, h the fire- 
place, c a perforated brick arch above whiqji is 
the circular distillation chamber, 4 feet 3 inches 
in diameter in the smaller furnaces, and 6 feet 
6 inches in the larger. The ores are first charged 
in through the opening d, which is afterw^ards 


bricked up and charging is completed through 
the door in the top arch. The total height of 



Fig. L 


the cylindrical shaft is from 20-20 feet. On 
the arch c is placed 2000 kilos, of quartz or of 
poor ore in largt' jneccs, so that the flames rise 
through them readily. 1’his is covered with 
10-14 tons of ore, beginning wnth ore of medium 
quality {requichro, containing from 7-15 p.c. 
of niorcurv). Upon this is charged 1-hc poorer 



ores {china, containing about 1 ]i c. of mercury), 
then tbo rich ore {xndnl containing over 15 p.c. 
of mercury), ami lastly small ore of mixed quality 
(va^asen) made into balls. 

The furnace is then closed and the cliarging 
doors lull'd up, and the aludels arc luted 
iogi'thi'r 111 position. These are pcar-sliaped 
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I clay condensers, 18 inches long, glazed on the 
I outside, and so shaped that the narrow end of 
each fits into the wider end of the next following 
one. They are arranged in 12 parallel rows 
each containing 49-45 aludels, lying in grooves 
on a sloping roof, ff. Figs. 3 and 4. The aludels 
communicate \vfi,h condensing chambers k, 



Fig. 4. 


Figs. 3 and 4, p, Fig. 1. The products of com- 
bustion from the fire pass in part through the 
flue //, Fig. 1, f, Fig. 3, but mainly through the 
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bed of ore. The meronrial vapours, sulphur 
dioxide, and the products of combustion oi the 
fuel pass through the aludels where partial 
condensation takes place and into the chamber fc, 
Figs. 3 and 4, passing below the partition I, The 
condensed mercury in part drains out of the 
aludels into cast-iron pans situated below ( 7 , 
Fig. 2). In the coal furnace shown in Fig. 3, 
the mercury drains from the aludels at gr, 
through the- wooden pipes, h, to cisterns filled 
with water. 

The fire is maintained for 10 or 12 hours, thus ' 
heating the column of ore sufficiently to enable | 
the cinnabar, pyrites, and bituminous matter ; 
to burn in the current of air, which is raised to a ' 
temperature of 2()0°-3()0° by passing through 
the layer of quartz before it reaches the ore. 
The ores burn for 44 hours, a period during winch 
the first aliuhd reaches a tfimperature of 245''- 
200®, and the last aludel one of 20® sojnewhat 
later Hviiss, Ann. di'S Mines, 1877, 13. 30 ; 1878. 
15, 524). The furnace is then op<'mM and the 
residues allowed to cool for 18 hours, after which 
they ai‘e withdrawn and the furnace recharged. 

The aludels are cleaned out oiieo in one or 
two months, according to ])osition, and the soot 
colleeted and prepared for re -treatment. 'Vhe 
losses of raercury, according to Langer (Berg. u. 
ITuttnm. dalirb. Beig-Akacl. 1870) amounted 
in 1870 to an average of 20 ]).e. (»SV(' also 
Moreau, Le G6nie 1884, 380; Bug. and 

Ming. Jour. 1881, 32, 335 ) 

Idrian farmce. — Tlie aludel furnaees were 
introduced at Tdria about 1750, but wore soon 
altered into the form known as Tdrian furnaces, 
in which the condensing apparatus (onsists of 
largo brick chambers in place of aludels. Thi'se 
furnaces gave higher percentage losses than 
aludel furnaces but were worked more cheaply. 
They were disanrded at Idria in 1870. {Sre 
ychnahei and Louis, I.r. ii. 352.) For desenp- 
tion of olde-r methods of fire treatment at Tdria, 
.see Milter (Vortrag auf dem BerLouaiuista^ zu 
Klagonfurt, 1803) ; also Agricola (De re Metal- 
li(!a. Lib. ix. 1550). 

l<Jxeli furnace . — 'Phe introduction of shaft 
furnaces fired continuously marked a great 
advance on the older forms. One of the earliest 
of thege was the Exeli furnace, built at Idria in ! 
1872 (Das K. K. QueckslWier hergwerk Idria in I 
Krain, Vienna, 1881 ; Schnabel and Louis, l.c. 
358), and introduced by B.andol at New Alma- 
• len in 1874 (Egleston, l.c. ii. 8.57). Tt "was 
surrounded by three external fireplaces and 
cased in wrought iron to prevent loss of mercury. 
It was afterwards altered by bricking up the 
fireplaces and charging charcoal with the ore at 
the top of tne furnace. For the Lamjer furnace, 
see Schnabel and Louis, l.c. ii 366, and for the 
Knox furnace, see Egleston, 7.c« ii. 841. 

Novak furnace. — This is a good example of 
a continuously working shaft furnace in which 
the ore and fuel come into direct contact. It is 
suitable for coarse ore in cases where charcoal 
can be obtained cheaply. The earliest shaft 
furnace of the kind was the HSihner furnace, used 
at Idria from 1849 to 1852 (Schnabel and Louis, 
l.c. ii. 407). It was replaced by the Valalta 
furnace (Berg. u. Hiittmn., Ztg. 1864, 284 ; 
1868, 32 ; Eng. and Mng. Jour. 1872, 14, Nos. 11 
and 12). The Novak furnace was introduced at 
Idria in 1892. One of these furnaces is shown 


in elevation end plan in Figs. 5 and ft, but three 
furnaces are united in a single block. The 
outer walls are cased in iron plates. The shaft o 
is rectangular, 7 metres in Wgbt and 2 metres 
by 2-4 metres in cross section at its widest part. 
There are four openings, h, h, for thtf removal of 
the residues. The brick shaft stands on a cast- 
irem plate, c, supported by legs and standing on 
a brick foundation, accessible also from below at 
d. Any loss of mercury in the foundations is 



thus prevented. Tlu^ roof-shaped ridge e, in 
the bottom of the furnace, is pierced with many 
small holes for the supply of air. The charging 
lioppcr / 18 fitted with a water- joint and the 
pipe g leads to the condensers. Poor ore in 
lumps not smaller than 0*67 inch mesh and pressed 
soot arc treated, one ton of ore together noth 
16 p.c. of its weight of charcoal being charged 
into the furnace every 2 hours. The condensers 
are of the usual Czermak type, see Fig. 11. The 
production of soot amounts to 0'5 ]).o and the 
loss of mercury to 7 or 8 p.c. With furnaces of 



i this type the formation of soot is much less than 
I in the fine ore furnaces about to be described. 

I The modern Czermak-Spirek shaft furnaces 
j used at Side, Monte Amiata, in which the loss is 
j only 2 or 3 p.c. of mercury, are described in the 
Mineral Industry for 1901, 10, 669. {See also 
Spirek, Sixth Internal. Cong, of Appl. Chem. 
Rome, 1906.) 

HlUtner and Scott furnace (Schnabel and 
Louis, l.c. ii. 372 ; Egleston, l.c. ii. 864). This 
furnace was introduced at the New Almaden 
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minfis, California, in 1875, and wa^ the earliest 
of the shelf furnaces, whi('h are especially 
suitable for treating fine ore. At J^ew Almaden 
the small ore of less than J -2 inch cube was called 
tierraSf and the larger ore of between 1-2 inch 
and 2-3 inch cube, was known as granzitas. 
These materials were treated in 8ej)arate furnaces 
built on the same principle, with a large number 
of inclined shelves slo])ing at an angle of 45° in 
alternately opposite directions, upon which the 
fine ore slides down, filling up the sjiaces between 
the shelves. The products of combustion of 
the fire pass horizontally between the under 
side of the shelves on t!aeh tier and the surface of 
the ore restinj' on the shelves of the nexfi tim- 
below. The ore is thus heated and roasted, and 
is finally discharged at the bottom ol the 
furnace. 

One of the newer forms of this furnace whs 
built by Newcomb at Oat Hill, California, in 
1898 (Mineral Industry, 7, 583). Fig. 7 is a 





vertical section through the furnace and the 
first section of the condensers ; and Fig. 8 is a 
front view, with the furnace in section and the 
condensers partly in elevation. Fig. 9 is a 
honzontal section of the furnace on a, b. Fig. 8. 

The ore is passed through 1 '5 inch gratings 




before entering the ore-bin a. Figs. 7 and 8, 
whence it passes over a drying platform 
placed above the condenser, and is discharged 
into a hopper, c. The hopper is kept full of ore 
which acts as a seal when a slot is opened and 


I some ore let fall into the furnace. Two tons of 
1 ore are thus charged in at intervals of one hour. 

' The furnace is of brick, 22 feet by Ifi feet, 
j and 37 feet high, outside measurements. The 
1 roasting chamber is divided into 
i four compartments, d, Figs. 8 and Mraferai 
j 9 , by three vertical partitions, c, 

1 and in each compartment is a I 

j series of 24 sloping shelves (.«rc 
j Fig. 8) eonsisting of fire clay tiles, 
which allow the ore to slide down JTiq. 9 , 
in a zig-zag path. 3'he ore piles 
I up on the shelves bridging over the 6-incli 
s|iaces l»ctwc(‘n them, so tluil the products of 
I combustion from the fiie-box, /, Figs. 7 and 9, 
cannot rise vertically in the shaft but pass 
i horizontally under the shelves from / to g, 
thence from g to //, following the course indi- 
cated by the arrows, and finally fioin h to t, 
whence they escape by two east iron exit 
pipes j, to the condenser /.’. 

3'he spent ore is diseliarged by biuiig raked, 
at intervals of 15 minutes, through the openings 
I, I, winch are placed 5 foet» below^ the level of the 
fire-grate, so as to enable the ore to be cooled 
before it is withdrawn. The furnace holds 40 
tons of ore, so that, the ore remains under tieat- 
meiit about 20 hours. The fuel used is 2^ 
cords of wo(.d in 2-1 liours. The temperature is 
kej)t as low as possible, a eheriy-red heat being 
aimed at, and hardly a trave of cinnabar is 
found in the material discharged. 

The condensers aie of brick, with cemented 
floors sloping dow'n to the discharge apertures 
///, »/?, Fig. 7, whence the metal runs to the quick- 
silver tioughs 9), n, Fig. 8. \^u’y little mercury 

, is condensed in the fiist compartment h, but the 
amount increases up to the last comjiartmeni o 
of the first condenser. After this, in passing 
j through the remaining six Vnek condensers 
I p, p, Trig. 8, the amount of me rcury recovered 
I deeieases. The fumes next, pass mt<» the wooden 
fiue« condenser 7, Fig. 8, eventually being dis- 
charged into tlic open air tluougli a vertical flue 
in which ail exhaust fan is placed. The length 
of travii in the condensers is 400 feet. About 
.30 p.e. of the total yield of mercury is obtained 
from the soot. The loss of mercuiy is estimated 
at about 5 p.e., and the labour required is 4 men 
per shift with a fifth i^urmg the. day to at fend to 
the .soot-pan. 

In California, the Scott furnaces are in 
j general use, the ore being only crushed to 2 
! or inches diameter, so that tlie fine-grinding 
j evil is avoided. Shaft furnaces appear to have 
; been discarded in California, as less advantageous 
1 than the shelf furnaces. 

I Multiple-hearth mechamcally-stirred furnaces 
j have also been in use in California, and it is 
j claimed that thgymre less costly to build and' 
j operate. HowTver, they require more skilled 
: labour and more frequent repairs involving 
I delay, and have fallen into disuse. Rotary 
I furnaces of the cement-kiln type were introduced 
; at the New tdria Mine in 1918 and proved 
i highly successful. Wet ores could be treated 
without being dried, but ores containing a large 
amount of sulphur or an excessive amount of 
fines were less amenable in the rotary furnace, 
and are considered more suitable to the Scott 
furnaces (Eng. and Mng . Jour. 1919, 107, 86). 

Czermak-Spirek continuous roasting furnace 



MERCURY. 


269 


(Mineral Industry for 1897, 6, 572). This 
furnace is a modification of the Ozermak furnace 
introduced at Tdria in 1886 {see Schnabel and 
Louis, lx, ii. 388). It is on the same principle 
as the Scott furnace, and is similar in being 
suitable for the treatment of fine ore. 

It consists of a rectangular chamber of iron, 
with two fireplaces, one at each end. The fires 
are lighted alternately, only one being at work 
at any given time. The products of combustion 
pass into a wide flue or combustion chamber 
extending longitudinally in the middle line of 
the furnace near its base. Hot air from iron 
pipes used to cool the ore just before it is dis- 
charged is used for combustion, and an excess of 
air is supplied. 

The ore is fed from above upon V-shaped 
tiles, with the apex upward, ranged in parallel 
linos, in such a way that the apex of each tile 
is 0}»positc the sp.ice between two tiles in the 
layer next above {see l*’ig. iO). The ore slips 



Fig. 10. 


down the tiles and completely fills the space a 
between two successive layers of tiles. When 
part of the residues aio withdrawn from the 
bottom of the furnace, there is a general subsi- 
dence of ore extending to the top. 'rhcrc is a 
regular system of oval openings in the sides of 
the furnace pro'Vidcd with movable covers, 
through which iron bars may be introduced to 
(hsloclge the sintered ore in case of necessity. 
The V-shapod tiles are supported on longitudinal 
walls made of perforated bricks. 

The products of combustion and hot air from 
the combustion chamber circulate through the 
furnace by the passages b, between the tiles 
and the ore and- pass out at the top of the 
furnace* through cast-iron pipes into the con- 
deiLsers. The temperaturef in the furnace are 
as follows : ore on discharge', 100° ; air supplied 
for combustion, after being used to cool the 
roasted ore before it is discharged, 300°-3G(r ; 
combustion chamber, 800°-900° ; m the first 
tier of tiles of the roasting zone, 700°-800° ; in 
the fourth and highest tier, 360°-400° ; in the 
passage to the condenser, 260°-3C0°. 

The condensers are of the usual Czermak 
pattern, consisting of cast-iroik pipes of elliptical 
section (a, Fig. 11). In positions where the 
temperature is below 100° so that the acid 
vapours are condensed, the iron is lined with 
cement to avoid corrosion of the iron. Glazed 
stoneware is also used instead of cast iron. 
These condensers are cooled with water. The 
lower part b of the condensers is sometimes 
constructed of wood, and dips for about two 
inches into water contained in lined cast-iron or 
wooden boxes, c. The flue leading from the 
furnace is shown at d. The vapours escape into 
the wooden flue e. The largo furnaces have 


two sets of oo'ndensers which can be cleaned 
alternately without stopping the work the 
furnace. From the condensers, the vapours 



[lass into Hat w'ooden flues, or dust ehambeis, in 
which a poor soot is oolleeted. 

The procure of ibe vapours within the 
luiriaee and condenseis is kept below atino- 
spheric pressure by means of a fan which pro- 
vides an exhaust eijuivalcnt, according to 
Spirck, to a water column of about 4 mm. at 
the outlet or 1 mm. at the junction between the 
furnace and the oondenseiH. 

The capacity of the furnace depimds on tlie 
nature of the ore, and in the case of the largest 
sized furnace at Side varies from 16-26 tons 
per day. The ore remains in the furnace from 
41-68 hours, and is shifted by the withdrawal 
of a portion every 2 or 3 hours. The ore is 
roasted at a bright red heat until the last trace 
of mercury has been driven off. T'he condensa- 
tion IS also verygood, about 00 p.c. of the mercury 
and soot collecting in the first 3 U -tubes, within 
a length of 4 metres. The greater part of the 
metal, and in the case of low-grade ores the 
whole of it, remains in the soot, and is recovered 
in part in soot presses, or by rubbing on an in- 
clined surface and in part by redistilling the 
soot in a small continuous roaster of the same 
pattern. At Monte Amiata, the average loss of 
mercury with these roasters is 4 or 5 p.c., after 
the impregnation of the wooden condensers is 
completed. Two workmen per shift arc suffi- 
cient to attend to this furnace, one on the 
charging floor, the other as fireman. 

These furnaces are in use at Monte Amiata, 
Idria, Almadcn, and elsewhere. 

Jleverheratory furnaces are used for the treat- 
ment of fine ore wliich yields too ^uch flue dust 
when treated in shelf furnaces, and also for 
coar.se ore which decrepitates or sinters readily. 

The first reverberatory was employed by 



Fig. 12. 


Alberti at Idria in 1842, and the latest form is 
the Czermak -Spirek long-bedded calciner intro- 
duced in 1888 and shown in Figs, 12 and 13. 





370 


merouby. 


Two furnacoa are placed side by aide in one 
block and stand on *a dish of riveted sheet-iron. 
The fire-grate a extends across almost the 
whole width of the furnace. The flame traverses 
the flue b under the bed of the hearth and then 
passes ovec the tiled hearth c, which is 0.J metres 



I {See Schnabel and Louis, U, ii, 425, where many 
analyses are given.) ^ 

The soot is usually treated mechanically to 
separate part of the mercury contained in it. 
j It may be worked with hoes on an inclined 
I surface until no more mercury flows off, as at 
' Almaden (Berg u. Huttnm. Jahrb. der K. K. 

I Montanlehranstalten, 27, 46). When rubbed 
' with lime, more mercury is separated. 

; At Idria and Monte Amiata, Kxeh stupp 
presses are used. These are iron pans fitted 
with vertical knives fastened to the bottom. 
Kevolvmg arras carrying similar knives stir the 
soot and picss it against the stationary kmves. 
Lime IS aiided little by httle to the extent of 
i from 17-30 p.c. of the soot during the course 
of the upeiatioii, which occupies one or two hours 
in the case of rich material. When the soot is 
stirred and pressed, mercury separates from it 
and flows away through small openings in the 


long and 2 4 metros Avide. 'J'hc cliargiiig hopper 
is at d, and there arc five working iloois at < 
and /. The residues are withdiawn every 21 
hours through tin; door / into the receptacle 
//. The gases and vapours pass through the 
ojieuings h into C/.erniak eoudeiiscis ot the 
usual pattern. 

■J'hese furnaces treat (i'l) tons ot ])oor ore and 
soot in 24 hours with a consuiuption ol 148 
cubic leet of wood per lU tijiis of ore. 'I’lie i»ro- 
duction of soot amounts to I'O p.c. and the loss 
of mercury to 8 oi 9 p.c (ScJinabel and Louis, 
l.c. ii. 402). 

For the description ot a siiuilai ie\ erheiatoiy 
furnace designed by 8pirck tor tlie treatment ol 
mercury-lead ores, .stc Mineral Indiistiy for 
1902, 11, 648. 

HetoH fanimc^ were used for a time at 
Idria, Monte Araiata, and California, but aie 
probably no longer in use m any part of tlu* woi Id 
except, according to tSehiia hel, at Littai, in Oar- 
nioia. The ore is niixial with lime oi iron and 
heated in cast-iron or clay retorts, wliieli aie 
pear-shaped or C 5 dindrical in shape, and usually 
contain from 1-6 cwt. of ore. The method is 
suitable only for rich ore or soot, but even lor 
such material the process gives no bettor results 
than the air-roasting process, and apart from 
oost, it has the disadvantage of producing con- 
centrated vapours of mercury which have 
injurious effects on the workmen. 

At Littai tBchnabel and Louis, l.c. ii. 421), 
cast-iron retorts are used, taking a charge ol 
2 cwt. of ore. The ore contains 2 or 3 }).c. of 
mercury, and 6 or 6 p.c. of lime is added. The 
retorting lasts 6 hours and the loss of mercury is 
stated to amount to from 6-6 p.c. 

Soot or Stupp, the deposit on the wails of 
the condensers, consists of finely divided mer- 
cury and conyiounds of mercury, together with 
carbon, tarry matters, and ash from the fuel and 
dust from the ore, amounting m all, accordmg 
to Spirek, to about 1 p.c. of the ore at Monte 
Amiata. The composition of soot varies 
largely. One sample from the condenser of a 
Czermak furnace was found to contain ; 

Metallic mercury .... 22-01 p.c. 

Mercury as cinnabar . . . 6-76 ,, 

Mercury as sulphates, chlorides, Ac. 3 '04 „ 

Total mercury , . 31’S0 „ 


bottom ol the 2 >aii. 

The soot rosidiios after treatment still 
contain 10 oi more ot mercury and are 
treated mixed with ore in the same furnace as 
before, oi imxcd with other rieh materials m 
similar luiiiuccs td small size, or more rarely iii 
retorts. Fonneily where coarse ore furnaces 
were in use, the soot residues were moulded into 
bricks and treated willi the ores. 

// Purification. Imjmrc mercury is recognised 
“by the fact that globules aie jiear-shaped with 
tails, instead ol siilieiicu!, when made to run 
down a slojmig surlaee, and may even leave a 
trail behind them on jiajier. Mechanical mi- 
purities arc removed by squeezing througli 
cliainois leathei or by 111 termg through punctiiied 
blotting })a])cr. 

Itctuitiiig at a low temperature with a cover 
oi charcoal and lime will remove most of the 
impurities. Uxidisable impurities are best re- 
moved by the passage ol a stri?am ol air through 
the mercuiy, w'hich is covered with dilute nitiic 
or ^luliihuiio aenl. 3’he base metals arc rajiidly 
oxidised by the an and dissolved by the acid 
{(f. Harries, Zeitsch. angew. Chom. 1921, 34, 
369). Small quantities of impurities may bo 
removed meiely by (bgcstmg or shaking mercury 
w itli dilute nitric acid. 

I Mercury is kept m a glass or stoneware vessel 
under a layer ot dilute nitric acid of sp.gr 1*1 
and drawn ott as fcquired by a stuijcuck at - , 
: the bottom and washed with water betorc 

Properties. Mercury is a silver- white liquIO 
1 metal with a slight bluish tinge. In thin films 
it transmits violet light (Melsens). Its sp.gr. at 
' 0® is 13*59546 when compared with w ater at 4* 

' (Volkmann, Thiescii and ISoheel). At — 38-85'', 
i (Balfour fcitewaitj, —38-87“ (Wilhelm), --38 ‘89° 

1 (Henning), it solidifies, contracting considerably 
I and forming a tin-white, soft, malleable and 
i ductile metal U sp.gr. 14-193 at its molting- 
] point (Mallet, Phil. Mag. >877, [v-] 4, 146). Its 
! density in the liquid state at the same tempera- 
, tiire 18 13*690 (Vicentim and 0 model). Its 
! electric conductivity is 1*063 X 10* at 0“ (Dewar 
' I and Fleming) ; and its thermal conductivity K 
! at 0“ IS 0*0148 (H. F. Weber). For thermal 
j expansion i>. Callendar and Moss, Phil. Trans 
! 1911, 211 A, 1 ; Chappius, Bureau Int. Poids 
i et Mcs. Mem. 1917, 16. 

i It is volatile at ordinary temperatures and 
even at — 44“ (Merget) ; its b.p. is 367*25 at 
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760 mm. pressure (JEtegnault), 366*7® (Heycook 
and Lamplough), forming a colourless vapour. 
(For its vapour pressures from 40®*-612°, see 
Ramsay and Young, Chem, Soc. Trans. 1886, 
49, 37.) According to Bronsted and Hevesy a 
partial separation of isotopes of mercury may 
be made by evaporating the metal at low pres- 
sures and condensing the evaporated atoms on 
a cooled surface. The density difference found 
between the heaviest and lightest mercury 
amounts to 0*49 p.c., corresponding with a dif- 
ference of 0*1 unitin the atomic weight (J^^eitsch. 
physikal. Chem. 1921, 99, 189). Its critical 
ternporaturo is 1172° (abs.), and pressure 180 
atm. (van Laar); 1077° and 420 atm. (Aries, 
Compt. rend. 1918, 160, .334), 1723° (abs.), and 
1042 atra. (Weber). 

It is unaltered in air, oxygen, nitrous and 
nitric oxides, carbon dioxide, &e., at ordinary 
temperatures. When ligated to about 3.50°, it 
becomes gradually converted into the rod oxide, 
HgO, which is decomposed lielow a red heat. 

Mercury is not acted on by H(3, and is 
almost unaffected -by dilut e 112804, although 
dissolved by hot strong H2SO4. It is dissolved 
even by cold dilute UNO-,, and is rapidly 
attacked by hot or concentrated nitne acid. 
It is also dissolved by aijua regia. 

Neutral and acid solutions oi feme clilonde 


of fulminatos was very great during the war, 
and paint for ships’ bottdms is also stated 
to consume large and increasing amounts. 

The production of mercury during the years 
1918-1920 in tons was as follows (see Quicksilver, 
1913-1919, Imperial Mineral Resources Bureau, 
1922):— 


— 

1918 

105 9 

1920 

Austria 

413 

1 

1 

Hungary 

83 

— 


Italy . 

1021 

831 

1303 

Mexico 

161 

117 

75 

Spain 

558 ! 

1267 1 

848 

United Slates 

1101 ' 

717 

438 

(diina (exports) . 

289 : 

79 i 

45 

'J’otal • 

3626 . 

2tt51 ! 

2709 


Mercury is transjiorted in wrought-iron 
flasks or bottles closed by screw stoppers. The 
weight of mercury in a 8panish flask is 34*507 
kg. or 76 lbs. It was formerly 76-5 lbs. but in 
California vas reduced to 75 lbs. m 1904. in 
England the price is quoted ])er flask of 75 lb, 
The old ,sheep.skin bag used to contain 55 lbs. 


are reduced when shaken with mercury Under ' 
similar conditions titanic acid is not reduced. , 
Solutions of potassium fiuTicyanide, chroniati*, 
ammonium molybdate, sodium vanadate, and 
potassium antimoiiute when aciditied with 
hydrochloric acid are nnl need on shaking with 
mercury. 

When agitated with oils, tui|)entine, &e., or 
triturated with grease, fats, sulphur, certain 
sulphides, arsenides, &c., mercury is subdivided 
into minute globqles, not easily reunited. This 
is known as the flouring, sickening, or deadening 
of mercury uiiil is the cause ot losses in the 
extraction of silver and gold from their oresjby 
amalgamation. The coaloseonce of floured 
mercury can lie effected with some loss by the 
action of nitia: acid. 

Vapours of mercury have a poiBoiious effect 
('salivation’) on the animal system. ~ Among 
the remedies are cleanliness, fresh air, acid foods, 
and miAlcration in the use ^)f alcohol. The use 
ot potassium iodide is also recommended. 

Uses, Mercury is used in the extraction ol 
gold and silver from their ores, for the manuf|j,e- 
turo of vermilion {v. infra), and of fulminates, in 
medicine, in dentistry, and in the manufacture 
of barometeis, thermometers, and of other scien- 
tific apparatus. The metal and its amalgams 
are used in small quantities for a variety of 
other purposes. 

The consumption of mercury in silver- 
milling was formerly very larg^ when the pan 
amalgamation process Avas in wide use. In 
treating the ores of the Comstock lode, for 
example, 7 lbs. of mercury was formerly lost in 
the treatment of a ton of ore. In modern 
stamp-battery practice on gold ores, the loss is 
only 0*2 or 0*3 oz. of mercury per ton of ore. 
The development of the cyanide process and the 
abandonment of the patio and pan amalgama- 
tion processes have caused a reduction in the 
amount of mercury required in the extraction of 
silver ores. Its consumption in the manufacture 


T. K. R. 

Mercury sols can be jiropared by various 
mctliods — mechaineal, thermal, and electrical. 
When mercury is forced in a fine stream 
into solutions of gelatin and potassium 
nitrate, definite mercury sols are produced, or 
when mercury is shaken with very dilute solu- 
tions (](r‘^N) of ammonia, ammonium sulphate, 
ammonium chloride, calcium citrate, tartaric 
acid, potassium tartrate or gelatin, or by passing 
hot mercury vajxnir directly into water. They 
have varying colours, fnnn grey to yellowish- 
brown and reddish-brown fNordhund, Diss. 
Upsala, 1918, J). 

CIOMPOTOJiS 0^ Mebcuey. 

Mercury forms two series of salts : tlio 
mercuric compounds, in which the metal is 
divalent, and the mercurous cum pounds, in which 
it is apparently monovalent. 

The 7ncrcuric salts arc often obtained when 
excess of acid acts on metallic mercury. Re- 
ducing agents convert them into mercurous 
salts, Avhich may be further reduced to metallic 
mercury. The soluble salts are extremely 
poisonous and arc acid to litmus. 

The mercurous salts are produced when an 
acid acts on excess of mercury, or by the re- 
duction of mercuric compoundB. In solution 
they readily dissociate into metallic mercury 
and a mercuric salt (Hada, Chelh. 80c. Trans. 
1806, 1667). This reaction is reversible and 
ends with the establishment of equilibrium 
between the mercurous and mercuric ions 
present (Abel, Zeitseh. anorg. Chem. 1891, 26, 
361). 

Mercury forms three oxides, mercurous oxidct 
mercunc oxide, and mercuric peroxide. 

^Mercurous oxide Hg.,0 is obtained as a 

^ The production of Austria is Included in that of 
Italy in 1919 and 1920, as Idria is now in Italian 
territory. 
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blackish- brown powder by the addition of 
alkalis to a solution of mercurous salt, or W 
triturating a solution of alkali with calomel. It 
is washed, dried spontaneously, and kept in the 
dark. By the action of light or of a gentle 
heat it is, decomposed into the red oxide and 
mercury, and it combines with oxygen at 100” 
(Colson, Compt. rend. 1801), 128, iToi). It may 
be obtained in colloidal solution by treating the 
aqueous solution of mercurous salt with alkali 
salts of the albinic acids in presence of alkali 
hydroxide or carbonate (Hofmann, I). R. P. 
186509, 1906 ; J. Soc. Chem. Ind. 1907, 1254). 

Mercurous hydroxide does not exist at the 
ordinary temperature, but is obtained as a biighi- 
yellow precipitate by the action of alcoholic 
potash on alcoholic mercurous nitrate at —42” 
(Bird, Aim^r. (1icin. J. 8, 820). 

Mercuric oxide, Red oxide of mercury, lied 
precipitate, HgO. 'rh’s oxide i» slowly pro- 
duced when the metal is heated in air to near 
the boilmg-point, it may be obtained jiurc by 
pouring a boding solution of mercuric chloride 
mto an excess of boiling potassium carbonate 
solution and boding till the precipitate is of the 
right colour (l)ufau, J, Pharm. Chim. 1 902, lO, 
4I19). It is usually prepared by heating the 
nitrate until nitrous fumes cease to be evolved, 
but not sidlieiently to decompose the oxide 
itself. When prepared slowly on the large 
scale the oxide is obtained in line brick-rc'd 
erystalline plates of sp.gr. 11-103 (Playfair and 
Joule). 

By precipitating a mercuric salt with cold 
jiotash, the oxide is obtained as an orange-yellow 
jiowder of the same composition, but more easily 
acted on by reagents. With oxalic acid it pro- 
duces the oxalate, v hilst the crystalline oxide is 
not so affected. When heated with merciirie 
chloride solution it rapidly forms an oxychloride ; 
the crystalline form is only slowly so converted. 
The amorphous oxide is also more easily decom- 
posed by beat, it w^as formerly considered by 
many chemists that the red and yellow oxides 
differed only in the size of the particles (wc e.y. 
Ostw^ald, Zeitsch. pbysikal. C!liem. 1900, 34, 
495; Schick, ibid. 1902, 42, 155). Schocli, 
howTver, has shown (Amer. (diem. J. 29, 319) 
that the crystalline form of the red is different 
from that of the yellow oxide, that the dissocia- 
tion pressure of the- yellow oxide at 300” is con- 
sidorably greater than that of the red oxide, and 
that when heated at 250” it is converted intu the 
red oxide with partial decomposition. 

Mercuric oxide is a powerful poison. It dis- 
solves in about 20,000 parts of water at 25” or 
about 2200 parts at 100° (.Schick, l.c.). It is 
slightly soluble in solutions of sodium hydroxide 
(Fuseya, J. Amer. (dicni. Soc. 1920, 42, 3()8). 
When heated it becomes bright red, and 
finally noarly*black, but regains its colour on 
cooling. A superficial change of colour from 
bright red to browmish-red is produced when the 
red oxide is exposed to light. When strongly 
heated, it is decomposed into mercury and 
oxygen. By this reaction, oxygon was first 
prepared by Priestley. 

When heated with zinc, tin, or antimony 
filings, the oxide is reduced to metal with 'in- 
candescence. When added to fused sodium the 
action is still more intense. The mixture with 
sulphur explodes violently W'hen heated. Mixed 


with phosphorus it detonates when struck. At 
a red heat it is converted by chlorine into mer- 
curic chloride, with liberation of oxygen. It 
dissolves in fused potash with formation of a 
double oxide, without evolution of gas. 

Mercuric oxide is frequently used as an 
oxidising agent in chemical operations. 

A colloidal solution of mercuric oxide is 
obtained when mercuric chloride solution is 
treated with the sodium salts of protalhinic or 
ly.salbimc acids and caustic soda. A yellow 
solution is obtained which can he purified by 
dialysi.s and then gives on evaporation in voiud 
at 40” red -brown plates of the stable hydrosol 
(Paul, Her. HK)2, 35, 2219). 

Mercury peroxide HgO^ is formed in small 
quantities during the catalytic decomposition of 
hydrogen peroxide by iiieliiUic iiierf-ui-y (Antro- 
poff, Zeitsch. Elektrochcrn. 190t>, 12, 685), and 
is prepared by tlie interaction of nlcoholii; 
mercuric chloride, hydrogen jieroxide, and alco- 
bolic potash (Pclhiii, Atti. It. Accad. Lincei, 
1907, [v.] 10, 11 . 408). Either metbod yields the 
anbydroiis ])eroxide as an amoqilious, briclc-red 
powder, wdiicli is fairly stable m dry air. It is 
slowly decomijosed by w^ater, and with acids 
yields a mercuiK; salt and hydrogen peroxide : 
with hydrochloric acid chlorine is liberated. . 

Mercuric sulphide Hg8 occurs native as 
cinnabar, which is the jnincipal source of the 
mercury of cornmcrce. (hnnabar is found, 
granulai oi massive, in sub-transparent ihonibo- 
liedral ciystnls winch cause circular iiolarisatioii 
of tiansimttcd light. It has a cochineal -red 
colour and gives a scarlet streak. 

Mereunc sulphide exists in three different 
crystalline forms; (1) cinnabar 8-Hg.S, sp.gr. 
8*17(), readily prepared by digesting any form 
of mercuric sulphide with a solution of alkali 
sulphide; (2) metacinnabantc (black and 
cubic) a'-Hg8, sp.gr 7 ’00, jm^cipitatcd from 
dilute acid solutions of mercuric salts by sodium 
thiosulphate'; and (3) j8'-HgS, sp.gr. 7*20, 
obtained as a fine crystalline jiowder from more 
concentrated neutral solutions of mercuric 
salts with sodium thiosulphate. Einnabar is the 
stable form of mercuric sulphide at all tempera- 
tures u]) to its sublimation point, about 580° 
(Allen and Crenshaw, Amer. J. Sci. 1912, [iv.] 
34, 341). Mercuric sulphide fuses at 1450° in 
an atmosphere of* nitrogen under 120 atm. 
pressure, forming a matt steel-grey solid which 
becomes red when rubbed (Tiede and Schlcede, 
Bcr. 1920, 53, 1717). 

3'he black sulphide is produced by the action 
of hydrogen sulpliide on solutions of mercuric 
salts, or by triturating or heating mercury with 
sulphur. Thus prepared it was formerly used 
in medicine under the name of JEthiops mineral. 
It occurs native inXalifornia (Moore, J, pr. Cheni. 
1870, [li.] 2, 318), 

Under the name of vermilion, the red variety 
is prepared on the largo scale and used as a 
pigment. Native cinnabar cannot be so used 
because of impurities which affect the colour. 
Vermilion is prepared both by dry and irei 
processes. 

Dry processes . — These all depend on the 
preparation of the black sulphide, usually by 
the coinbination of mercury and sulphur, and 
its subsequent conversion into the red variety 
by a process of sublimation. The following 
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method was formerly largely used in seeret in 
Holland. 1080 lbs. of mercury and 150 Iba. of 
powdered sifted sulphur are moderately heated 
in an iron pan with constant stirring, and the 
black cel}nops obtained is cooled and powdered. 
This is introduced in charges of about 26 lbs. 
four times an hour into long subliming pots of 
refractory clay, each holding about 410 lbs., 
heated from below to about two-thirds of their 
height. As each charg(^ is added it ignites, and 
a long flame esca])es from the pot; when this 
has subsided, the pot is covered with an iron 
])late. The operation occupies about 36 hours. 
The pots are coohd and broken, and the v('r- 
milion, which is principally in th^ upper portions, 
IS ground wdth wat(ir Ix'tw'cen stones, sifted, 
elutriated, and dried. 

It is said that if 1 jiart of antiinonious sul- 
phide be added to the mixture of sulphur and 
mercury before sublimation, and the vermilion 
bo digested with ])otassium sulphide, an im- 
proved pigment is obtained wliich contains no 
antimony. 

At Idria, a mixtiiri! of 8 lbs. sulphur and 
42 lbs. mercury ns placed in a W'cll-bound cask, 
wdiich is rotated for some hours until the con- 
tents consist of a unifoim biownish pow der. 

A number of vertical, cast-iron cylindrical 
retoits heated to dull redness are charged with 
the mixture, and immediately covered. When 
crackling has ceased the covers aic replaced by 
stonew'are nocks, each connected with a tube and 
receiver. The lire is then increased to drive 
the whole of the sulphide from the retort. 

When cooled the necks are taken ofl, and the 
cake of vermilion removed. That nearest the 
retort is best, whilst that in the receiver contains 
free sulphur, and is rcsubliincd with a fresh 
charge. The cakes are broken, ground with ! 
water, boiled wit^ sodium hydroxide solution, 
w'ashod and dried. 

^ The Chinese vermilion is celebrated for its 
fine colour, which inclines to carmine. It as 
said to be prepared as follows : — 

About half a bottle (38 lbs.) of mercury and 
17^ lbs. of sulphur are mixed in an iron jian, 
about 25 inches wide and 7 or 8 inches deep, and 
heated by ch&rcoal. When melted, it is stirred 
with an iron spatula, and the remainder of the 
mercury is gradually added^ When the metal 
has disappeared the mass is removed from 
the fire, cooled by the addition of a little water, 
rapidly stirred, and coarsely powdered. Tljp 
reddish or black semicrystallirie powder, which 
contains free mercury and sulphur, is placed 
in a fixed iron pan, and covered with porcelain 
tiles 8 inches diameter (many of which are 
broken), arranged in the shape of a dome. The 
whole is covered by a pan 4 inches less in 
diameter than the fixed one, to»which it is luted 
by clay, leaving four holes in the* luting for the 
escape of gases. The charcoal fire is then lighted 
and kept fiercely burning for 18 hours; blue 
flames arc seen burning round the holes, showing 
loss of sulphur and of mercury. The fires are 
then allowed to die out and the pans to cool. 
Most of the vermilion is found adherent to the 
porcelain, and is removed. That attached to 
the iron is inferior, and is made with the other 
waste into cakes with alum and glue water, 
dried, and resublimed. The sulphide on the 
porcelain is blood-red and crystalline. It is 
VoL, IV.— T. 


powdered and ground with w^ater in a haud- 
mill between stones, and washed into a vessel. 
At the close of a day’s work a solution of alum 
and glue (1 ounce of each to 1 gallon of solu- 
tion) is well stirred with the powder, and the 
whole is allowed to stand until morfling. The 
glue tends to lengthen the period of deposition, 
and to render the stratification into the various 
qualities more perfect. The alum is said to 
improve the colour. The liquid is decanted, 
and the upper portions of the deposit are set 
aside. The lower parts are reground and treated 
as before, the grinding being sometimes repeated 
several times. 'The fine vermilion is stirred in 
water and S(‘ttlcd, and the wale* is decanted. 
The residue is dried in the open air, ])ow dcrcd, 
sifted through muslin, and packed in papers 
holding about 1 1 ouiici' each {v. Chem. News, 
1884, 6<), 77 ; J. ‘Soc. ('hem. Iiid. 1882, 1, lfi.'’>). 
It is used lor making C’liinesc red-ink — for 
painting on porcelain and wood and colouring 
candles and paper. Most of the numerous 
ternjiles throughout China are painted red, and 
everything lucky and pleasant among the Chinese 
is of vermilion colour (J. Moc, (diom. liid. 181)0, 
9. 1047). 

Wet procctises . — The ]iroccs8e8 most used 
depend on the action of alkaline sul}>hide8 on the 
amorphous mcrcuiy suljihide. 'The temperature 
adopted largely influences the colour. 

The action of iheso sulphides is attributed 
by Ditte ((knnpt. rend. 98, 1380) to the alternate 
production and decomposition of a double sul- 
phide of mercury and alkali. In the case of 
potassium sulphide the compound KH’fiHgS is 
first jinxluced, and is decomjiosed at about 46*^ 
(the tompcratuic generally employed), with 
deposition of the red crystalline mercuric 
sulphide, whilst the liberated alkaline sulphide 
dissolves a further amount of the more readily 
attacked amorjihous sulphide, and again forms 
the double sulphide, which is again decomiiosed 
as before. 

In order to prepare a polysuljihide free from 
hyposulphite (whicli is said to have an injurious 
effect on the colour), potassium sulphate is con- 
verted into sulphide by ignition with carbon. 
'Phe mass is extracted with water, and boiled 
with sulphur out of contact with air. 

Of this strong solution 2^ kilos, is digested 
and agitated with 1 kilo, sulphur and 5 kilos, 
mercury at a gentle heat. The mixture gradually 
becomes heated, and in about 2 hours acquires 
a greenish-brown colour. After a further period 
of 2 hours it becomes of a rich brown, and is 
allowed to cool to 50°, and is maintained at 
that temperature for 3 or 4 days with frequent 
agitation. A fine-coloured vermilion gradually 
settles down; it is washed with potash, then 
with dilute nitric acid, and finally with water 
(Firmenich, Dingl. poly. .1. 1864, 172, 370). 

According to Liebig, a fine vermilion is pro- 
duced by immersing recently precipitated white 
precipitate in a solution of ammonium poly- 
sulphidc. The mixture at first produced is 
black, but when heated to about 46° gradually 
acquires a fine colour resembling that of Chinese 
vermilion. 1 1 may he digested with potash, and 
wasRed to improve the colour. 

Hausmann (Ber. 1874, 7, 1746) adds excess 
of dilute ammonia to a solution of mercuric 
chloride, and dissolves the precipitated mercuric 

T 
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ammonium chloridp in a sliglit excesa <>f sodium 
hyposulphite. On warming to 70° or 80° the 
vermilion begins to preeipitate. The heat is 
continued until the mass has become pasty, the 
sulphide is then separated as usual. The above 
temperature and the presence of the ammonia 
and ammonium chloride are s.iid to bo essential. 

One of the best processes is that of Brunner 
(Pogg. Ann. 1828, 15, 50H). A mixture of 100 
parts mercury with 38 parts suljihur (flowers) is 
triturated for some hours, mixed Avith a solution 
of 25 parts potasli in 150 jiarts water, and 
digested at a tcunperature below 45°, keeping 
the liquid at couHtaut volume by adding water. 

After 2 or. 3 hours it beconn!S brownish, and 
then gradually brightens. The temperature 
must bo carefully regulated and the volume 
kept constant, or the jireeipitate loses its pul- 
verulent character and becomes inb'i ior in colour. 
At the projier point, usually after about 8 hours, 
the heating is stopped and the contmits arc 
washed as quickly as possible, as the further 
action of the potash would produce a brown 
colour. It is lixiviated to siqiarate any black 
sulphide, and dried. 

'I’he method of Caiithu'r Bouchard is strongly 
recommended. Concentrated aminoiua solution 
is saturated with sulphuretted hydrogen, an<l 
400 0 . 0 . of the solution is digested in a stone 
liottle with flowers ot sulphur, with ])roduction 
of a .solution ot aminoniuni sulphide ol sp.gr. 
1 0.34. This is mixed with 200 grams of suljihur 
and 1000 grams of merc.nry (as |)ure a.s pos- 
aible), agitated well ni a closed voshl'I for about 
7 hours, and llnally heated tor 3 or 4 hours to 
50°. Tlio liquid is decaiitial and the residue is 
washed with water, followed by dilute iiitrie 
acid and Anally by watei. 

TTie chief difficulty m all those methods m to 
free the vermilion from alkaline sulphides and 
sulphur, the presence of which is detrimental to 
the colour of the product. ITcUm and Liiider 
therefore recommend (Ung. Pal. 5120, 1802) 
that the black .sul|)hide, produced by one of the 
usual methods, he .suspended in water and 
treated with a stream of liydrogen sulphide gas 
until it dissolves. This solution is then heated 
in a closed vessel to 100 '-170° for several hours, 
when a very puro vermilion is deposited. 

Vermilion is adulterated with red lead, red 
ochre, chrome red, red oxide of iron, and fre- 
quently with- gypsum. 'J’heso all remain on 
volatilisation of the vermilion in a glass tube. 
Dragon's blood, if present, gives a characteristic 
odour on heating ; it also dissolves in alcohol 
with a red colour. (4iine.se vermilion usually 
contains a little glue, which i.s not, however, an 
adulteration. Mercuric sulphide is occa.sionally 
present in vulcanised caoutchouc (Frank and 
Jacobsohn, •Uummi. Zeit. IflOl), 23, lU4fl). 

3’he sp.gi^!’ of red morcurie sulphide is 8'12 ; 
that of the black sulphide is 7-5. 

Mercuric sulphide when heated in the air is 
decomposed with production of the metal and 
sulphur, which is at once oxidised to sulphur 
dioxide. With lime, alkaline carbonates, or 
metals such as iron, copper, and tin, it is reduced 
with formation of alkaline or metallic sulphide. 
When heated with litharge both lead andTiier- 
cury are reduced, the oxygon and sulphur com- 
bining, and passing off as sulphur dioxide. 

If boiled in water with powdered zinc, 


metallic; morcury is liberated. A similar but 
slower action occurs with oo]iper, 

( kmcentiated nitric acid has no action except 
aftcM- prolonged lieating. it is then concerted— 
e.specially if freshly precipitated—iiito a white 
insoluble coiii])ound containing both sulphide 
and nitrate of mercury. It dissolves easily in 
aqua requr, aiul m cold concentrated hydriodic 
acid. Barium sulphide readily dissolves it. 

ITie solubility of mercuric sulphide in solu 
tiou.s of alkali sulphides has been investigated 
by Knox (v. Abegg’s JIandbuch der anorg. 
(Uiem. Bd. 2, Abt. 2, s. 033 ; and Trans. 
Faraday Soc. I'.KJH, 4, 29). The black sulphide 
is more soluble than the red sulphide and the 
amount of each dissolved ])er niol. of sodium 
sulphuh; increases with dilution. 'ITie com- 
pound KuolIgiSa exists in the solution, but when 
evaporated over sulphuric acid it de|)<jKils 
yidlow crystals of the composition 

2Na2S,5Hg.S„3ir2(J 

3'he solubility of the* sulphides in water is very 
small, (bOl 0*()2 X 10 “ (Name, Zcitseli. 

anorg ('hem. 1004, 30. 108) 

Mercuric sulphide laiii be obtained in colloidal 
solution by washing the jirinupitated sulphide 
with a solution of hydrogen sulphide (Wiiis- 
siiigm-. Bull Soe. ehiiii. jii.l 40, 452 ; Linder and 
Ficton, (Ihem. Soc, Trans. 1802, 01, 123; .xrc 
also I’lctoii, ihid. 130). By saturating with 
hydrogen sulphide a solution of 12 grams 
imu’ciifK! cyanidi' in JOO of water, a <loop brown 
solution is obtained which when dialysed gives 
an unstable hydrosol. If, howeviu-, the hydro 
eyaiue acid is distilled off in vacuo an oily stable 
hydrosol is obtained (Lottermosor, J. pr. Ohem. 
1007, fii.] 75, 203). 

Mercuric sulphoxychloride [3fSlIg(4),HgOJ2 
a white granular powder obtained by tJiu action 
of diacetylthioearbamide, ilijihenyltluocar- 
baiiiide, and ailylthiocarbiinide on aipieoiis 
sidutions of mercuric chloride (Ray and Sen, 
('horn. Soc. Trans. 1910, 552). 

Mercurous sulphide HgaS is not known. 

Mercurous chloride, Calomel HgaClj, occurs 
native in small quantities as horn-qmchnlvcr , 
crystallising in rhombic prism!. Artificially 
prepared calomel has boon known from early 
times, and was used in the 16th contrury as a 
medicine under the names Aquila alba, or Dearo 
ttuUqalnu. 

Mercurous chloride is formed by the union of 
its elements. 

It may be prepared by addition of an alkaline 
chloride to a solution of mercurous nitrate or 
other mercurous salt. 'Fhe precipitate is washed 
well to remove the alkaline chloride, which if 
allowed to remain would render the calomel 
slightly soluble.'* It may be prepared on the 
large scale by mixing 17 parts of corrosive 
BubJimate with a little alcohol or water to 
prevent the escape of irritating fumes, and 
rubbing in 13 parts of mercury until deadened. 
The mixture is then sublimed in glass flasks, 
in the upper |)ortion of which the calomel con- 
denses as a solid, translucent, fibrous cake. The 
flasks are broken and the cake is removed, 
ground to a powder, washed repeatedly with 
boiling water to remove mercuric chloride, and 
dried. The powder has usually a slight yellowish 
tinge. 
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Jt is also prepared from the sulphate ; 1 kilo, 
of mercury is mixed with 1 ’5 kilos of concen- 
trated sulphuric acid in an iron boiler, gently 
heated until the fumes of sulphur dioxide 
cease to escape, and evaporat.t'd to dryness. It 
is then mixed with 1 kilo, of mercury and l.I 
kilos of common salt until deadetied, and is sub- 
limed as usual. 

Instead of condensing the calomel in a cake, 
the vaptmrs may be led into chambers containing 
air or steam, in which it falls as a very lino 
powdf?r, which requires no grinding. {Sometimes 
the distillation is conducted in an iron tube 
conmated with the condenser. 

At Apothecaries’ Hall, the proportions used 
are 62 parts of mercury sulphate, 40^ parts of 
mercury, and il4 ]»arts of common salts. 

I’ho Japanese have long manufactured a very 
pure calomel, absolutidy free from mer<-urii: 
chloride, called ‘ keifun ’ (liglit powder). Halls 
of porous earth and salt, soakial in ‘ bittern ’ 
(mother liquor of concentrated sea-water), are 
licated in iron jiots lined with earth, eacli 
contairuiig a little mctaliic mercury. Hydro- 
chloric acid IS fornu'd from the magmssiiim 
chloride m the bittern, and the menmry distils 
into the closely fitting biil^ unattached clay 
covers of the |)ots Air ('liters by diffusion and 
the following reaction takes plac(‘ • 

tHg 1-411(11 1 0. 2Hg,(jl.^ 1 2 H 2 O 

by which calomel is tormed at a temperature 
below its subliming point and lills the cover with 
a network of micaceous particles (Divers, .1. 1 
Soc, (Jhem. Ind. 1894, 13, 108). ! 

In preparing calomel by the wet way, 9 parts 
of mercury are digested in 8 parts of nitric acid 
(sp.gr. 1*2) with the aid of heat towards the end, 
until no more dissolves. J’he decanted solution 
18 mixed with boiling solution containing 8 
parts of common salt in 61 parts of water and 
a few drops of hydrochloric acid. The ])rccipi- 
tate is well washed with water. This form is 
said to be more effective for medicinal purposes 
than that prepared in the dry way. 

(lalomei is also produced by the action of 
reducing agents ujion solutions of mercuric 
chloride 

Calomel may be obtained in a light volu- 
minous? form, which is 3 twines as bulky a.s the 
samples prepared either by sublimation or by the 
usual precipitation methods, if the following 
prodecure is adopted. Three solutions |ire 
jirepared containing* (J) 11*5 grins, of mercuric 
chloride and 10 drops of hydiochloric acid in 
100 c.c. of water ; (2) 6 grins, of sodium bi- 
carbonate and 10 grms of dextrose in 80 c.c. of 
water; (3) 7*6 grms. of crystalline magnesium 
chloride 111 20 c.c. of water. Solutions (2) and 
(3) are mixed and added to«(l). After the re- 
action has finished the mixture is heated on a 
water- bath until no more carbon dioxide is 
evolved, and the finely divided precipitate is 
collected and washed with cold water. In this 
form the calomel is stated to have much greater 
germicidal properties when used in prophylactic 
ointments or antisyphilitic injections than in the 
form as usually prepared (Duret, Aim. Inst. 
Pasteur. 1919, 33, 174; J. Soc. Chera. Ind. 
1919, 338 A). 

Calomel is a white, tasteless powder, of sp.gr. 
6*56-7*41, crystallising in four-sided prisms 
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terminating in pyramids. When heated it 
volatilises without previous fusion, giving a 
colourless vapour of sp.gr. 8*21 (air— 1). This 
appears to indicate a molecular constitution 
HgCl, but Smith and Meuzies (J. Amer. Cheui. 
Soc. 1910, 32, 1641) have shown by (iuantitative 
measurements of vapour pressures that calomel 
vapour, oven when saturated, is completely 
dissociated into mercury and mercuric chloride, 
and contains no molecules of the typo HgCl or 
Hga(‘l.,. The results also show that cali^mel is 
soluble in mercury and its molecular weight in 
that solution at 360“-400® corresponds to the 
moiiomolecular formula, HgCl. J’he boiling- 
point of calomel is 382*5^^ (Eo^ methods used 
V S. and Ml ihid. 32, 1419 ; cp. also Harris and 
V\ Meyer, Her. 1894, 27, 1482.) Baker states 
(Chem. Soc. Trams. 1900, 646) that perfectly dry 
mcr<‘Ui*ous chloride can be vaporised without 
disHociation und then has a v.d. c(3rrosponding 
to the iV>rriiiila HgalJo- Further, by cryoscopic 
moasurmnents, IhH'kiuann has shown that mer- 
curous chlomlc. (ILssolvod m fused mercuric 
chloride has the h^rmula Hg„('J 2 (iieitsch. anorg. 
Chem. 1907, .55, 17.5). 

By coiiduciivity measurements, the solu- 
bility of calomel 111 water has been found to be 
alxait 0-1 mgm. p(‘i litre at 20"^ (Ley and 
IL'iinbuelu'i*, Zeilsch. Klektrochom. 1904, 10, 
301). 

By treatment with alkalis and alkaline car- 
bonatc.s it is converted into mercurous oxide; 
ammonia converts it into * black precipitate ’ 
NH 2 Hg 2 Cl. By digestion with ainmoniuin 
chloride it is ])artia]ly dciioriiposed, mercuric 
chloride passing into solution and metallic 
mercury remaining undissolved (Richards and 
Archibald, Zcitsch. physikal. Chem. 1902, 40, 
385). Hydrochloric acid or sodium chloride acts 
less rapiflly. J’h(‘ jirolonged action of steam, 
hot water, or hot air has a similar effect. 

Calomel is largely used in medicine. The 
usual adulterations or impurities are corrosive 
sublimate, ammonium and sodium chlorides, lead 
and calcium carbonates and barium sulphate. 
The last threei may bo di.stinguislied by their 
non-volatility, the others by their solubility in 
water or alcohol. According to Bonnewyn, if 
the calomel be shaken with a little alcohol the 
proseiioe of even part of corrosive subhmate 

can be detected by the black deposit produced 
on a knife-blade inserted into th* solution. 

Mercuric chloride, Corrosive sublimate 
HgCl. 2 - Mercury is converted into this salt 
when acted on by chlorine or aqua reyia. 

t)n the largo scale it is prepared by distilling 
1 mercuric sulphate with common salt. Mercury 
is gently heated with concentrated sulphuric acid 
in an iron boiler until sulphur dioxide ceases 
to be evolved. The whole of the metal having 
dissolved, a sHght excess of siHphuric acid is 
added to ensure the absence of mercurous sul- 
phate, and a portion is tested by the addition of 
sodium chloride. If a precipitate of calomel 
falls, more acid is added. The mixture is eva- 
porated and thoroughly dried. 20 parts of the 
sulphate is mixed intimately with 8 parts of 
sodium chloride and 1 part of manganese dioxide 
. (tfi minimise the production of calomel) and in- 
troduced into glass subliming pots which are 
placed on iron plates, surrounded by sand to the 
necks and gently heated to remove moisture, 
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which passes, thr(jup;h hoods placed over the 
necks, into a flue. 

The moisture being removed, tlie hoods are 
replaced by small inverted conical condensers. 
Bufficient sand is then removed to uncover the 
upper half bf the flasks, and the heat is increased 
until the whole has sublirnod. The heat is 
finally raised sufliciently to render the sublimate 
coherent, but not to melt it. When cooled, the 
U[)per half of th(i flask is cracked away and the 
cake of sublimate is removed. On the lower 
part of the cake is frcjpiently found a small 
quantity of the less vadatile calotitd ; this is 
removed and addl'd to a subsequent sublimation. 

Wagner (Ir'ingl. poly. .1. ISh, Jlk')) recom- 
mends for the preparation on th(' large scale 
the decomjiosition of initwral (n. Mcrninc 

sulphaU) with hydrochloric acid. Mcreuru' 
chloride is thus obtained in a solution of sul- 
phuric acid containing (!\ccss of mercuric o\id<' 
and is removed by crystallisation • 

HgS 04 - 2 HgO + 2irCl->lg('l2 [ H.,S 04 + 21Ig() 

For the crude, salt, he preci])itates mci curie 
oifido by the addition of sodium hvdroxidt^ to 
mercuric nitrate and digests the pn'cijatali' with 
crude magnesium chloride (the moihi'r-liquor 
Irom carmllitr). Wlu're the presence of jiotas- 
siuin chloride is not injurious the earnallite 
itself may be used, in winch case the crystals ob- 
tained on evaporation contain K(!l,HgCl .jlTgO. 

Mercuric chloride occiurs as a white, satiny, 
translucent mass, sp.gr. .'5'40,‘l ; or, when crystal- 
lised from solutions, as needles or foiir-.sidcd 
prisms, biilonging t,o the rhombic syst-i'in 
(Mitscherlieb, Pogg. Ann. 18211, 28. 118; 

Luezizky, Zeitseb. Kryst. Min, 1000, 40, 207). 
ft fuses at 288” ((^arnelley) and boils at 11011” 
(Carnelloy and Williams), giving a vaiunir of 
sp.gr. 9’8, corresponding to the normal nioli'- 
ciilar weight. The vapour coneh'iiscs in tru linio 
crystals (Von Lang, Wiim. Akad. Her, 1802, 45, 
119). The relations between the vapour 
pressures and the molecular volumes of the 
mercuric halides have been examined by 
Prideaux (Chem. Soc. Trans. 1910, 97, 20112). 

100 ])arts of water dissolve at 10” 0*57 paits, 
and at 100” 53 '96 parts of the salt. The solution 
is acid to test paper and gradually deposits 
calomel on exposure to light . Mercuric chloride 
is soluble in 3 parts of cold alcohol and in about 
1*2 parts of boiling alcohol. It is soluble in 
4 parts of cold ether and can be extracted from 
aqueous solution by this solvent. In aqueous 
solution, mercuric chloride undergoes elc'trolytic 
dissociation only to a very slight degree (Gro- 
trian, Wiod. Annalen, 1883, 18, 177 ; Luther, 
Zeitsch. ])hysikal. ('hem. 1904, 47, 107), but it is 
partially hydrolysed (Ley. Per, 1897, 30. 2192). 
Sulphuric acid precipitates it from aqueous solu- 
tion (Viard, eSmpt. rend. 1902, 135, 242), but it 
dissolves in the strong acid and in nitric acid with- 
out decomposition. Aqueous solutions of mer- 
curic chloride decompose in the dark to form 
mercuric oxide, chlorine, and hydrochloric acid, 
or in the light to form only mercurous chloride 
and the acid (Verda, Chem. Zentr, 1907, i. 1392). 
Mercuric chloride is volatile with steam and ^he 
salt can be recognised in the vapour from 
its solutions by ohemical tests, or by its 
action on a photographic plate (Kof and 
Haehii, Arch. Pharm, 1907, 245, 529 ; Zeitsch. 


physikal. Chem. 1907, 00, 307). The dry 
salt or its solution is easily reduced, first to 
calomel, and finally to metallic mercury, by 
arsenic, zinc, tin, &c. ; or by stannous chloride, 
oxalic acid, hydrazine sulphate, or other reducing 
agents {v. e.g. de Coninck and Dautiy, Bull. 
Acad. roy. Belg. 1908, 55). 

Corrosive subliniaio has a sharp, metallie 
taste, and is extremely jioisonous. The best 
antidotes arc t‘gg-v\hite, with which it forms an 
iiiHoluble compound, or, in order of efficacy, 
sodium thiosulphate (‘hypo’), hydrogen sul- 
phifle, sodium iodide, sodium bromide, and 
sodium elilornk' (Raimondi, Chem. Zentr. 1907, 
11 1807). It is used in medieino both internally 
and externally, e.s])e( ially in eases of sy|)hilis, 
and in surgery as an antise])tie in tlie form ol 
diltili' .solutions (usually 1 : 100) and in gaiizi's 
and lint. (For flic estimation of mereiirie 
chloride in surgical dre.ssjug-inateiials, scf Utz, 
I’harrn. ]*ost. 39, 785.) Jt is also used in 
preserving anatomical speeimens and samjiles of 
milk, syrujis, &e., for analysis. 

Mereiiric ehlonde forms numerous double 
salts and additive compounds. With the alkali 
(chlorides it forms the compounds K(3-iIg( ; 

2KCl-HgCL,H,() ; KCl-2HgCl,,2H.() 

2NaCl Hg(3, ; NaClTlgCl2,21T,0, and many 
othens. Of the double .salts with ammonium 
chloride only llg(3 /2N1L('1,H20 can be crystal- 
lised fn'un water, but others are formed (Meei- 
hurgh, Zeitsch. aiiorg. Chem. 1908, 59, ISO). ’Po 
the formation of such compounds is due the 
incri'ascd Holiibility of men uric chloride in 
solutioins of alkali chlorides and m hydrochloric 
acid. In many cases, these solutions contain 
complex anions in which mercury is present (r. 
81ieiiill, Zeitsch. physikal. ('hem. 1903, 43, 705). 
It forms additive conijiounds wvth hydrocarbons, 
alcohols, and ketones, aromatic nitio derivative.s 
(Ma.scarclli, Atti. R. Accad. Lincei, 1908, [v.] 17, 
1. £9), and with alkaloids. The latter com- 
pounds are frequently used in the piirifiention 
of the alkaloids. 

A serii's of mercury oxychlorides can lie ob- 
tained from mercuric cliloride by boiling its 
solution with mercuric oxide or by the action of 
potassium hydrogen carbonate or calcium car- 
bonate upon it (Tarjigi. Gazz. cbim. ital. 1901, 
31, ii. 313; Arctowski, Zeitsch. anorg. Chem. 
1890, 12, 3,53; Uriot, Compt. rend. 1911, 152, 
9.58), 2irgCl,'HgO crystallises in red inono- 
clinic needles; HgCLJlgG amurphous yellow 
powder ; HgOl2'2HgO is a black cry.stalline pre- 
cipitate, and }lgCK*3HgO occurs in glistening 
I yellow scales as the mineral kleinitc (Sachs, 

' Sitziingsber. K. Akad. Wiss. Berlin, 1906, 

I 1091). Iknvitt states that when caustic soda 
I solution diffusijs ‘into a solution of mercuric 
1 chloride and sodium chloride, very dark red 
i crystals of the formula Hg^OjCla arc produced 
(Chora. Soc. Proc. 1907, 23, 10 ; v. also Buttle 
I and Hewitt, (3iein. Soc. Trans. 1908, 93, 1406). 
j Mercurous bromide HgjBrjj is obtained as a 
white precipitate by adding a soluble bromide 
to a solution of a mercurous salt, or by the pro- 
longed action of bromine water on the metal. 

; It crystallises from mercurous nitrate solution 
I in white, pearly, tetragonal leaflets, sp.gr. 7*037, 
and is nearly insoluble in water. At 340”-350” 
it sublimes without decomposition. 



mercury. 2^^ 


Mercuric bromide HgBrg is formed from its 
elements with evolution of heat (Nernst, Zeitsch. 
physikal Chem. 1888, 2, 20 ; Varet, Compt. 
rend, 120, 620), and is produced by disBolving 
mercuric oxide in hydrobromic acid, ('old 
water dissolves 0'4 i).c. and boiling water 2’f) p.c. 
of the salt, and on cooling it crystallises out in 
anhydrous glistening scales. J^'rorn alcohol it 
crystallises in white rhombic prisms. Mercuric* 
bromide melts at 244° (('arnellv and Williams, 
Chem. Soc. Trans. 1880, 127) (235° is given for 
m.p. by Cuinchant, ('ompt. rend. 1900, 149, 
479), Like the chloride it is decomposed by 
boding with water, oxylnomidcs being formed 
(Fischer and Wartenbuich, Chem. Zeit. 1902, 
26, 966). 

It is occasionally administered in medicine 
instead of mercuric chloiide, usually by hypo- 
dermic injection of a solution of the soluble 
compounds with sodium chloride TTgBr;,*2Na('l 
or bromide HgBr,*2NaTir (Vicano, »l. Bharm. 
Chim. 1907, [vi.] 26). 

A double bromide of mercury and potassium 
has been used as a disinfectant (Ck)oke, Eng. Bat. 
1530, 1905). 

Mercurous iodide HgJ^ is a green insoluble 
powder employed medicinally. It is jirepared 
by triturating a mixture of 5 parts iodine and 
8 parts mercury, moistened with alcohol ; or by 
precipitation oi a mercurous salt with potassium 
iodide. A purer product, obtained by boiling 
excess of iodine with a solution of mercurous 
nitrate containing nitric acid, crystallises in 
transparent, yellow, tetragonal plates, blackened 
by light. When heated it becomes iirst yellow, 
then red and finally garnet-red, and on cooling 
passes through the same colour changes in 
reverse order. It begins to sublime at about 
190° and at 290° melts with decomposition 
(Stroman, Bor. f887, 20, 2818 ; Framjois, J. 
Bharm. Chim. 1899, [vi.] 10, 10; Compt. rend. 
1895, 12i, 888; 1896, 122, 190). It dissolves 
slightly in various oils. The best solvent* is 
castor oil, of which 1 00 parts dissolves 2 parts of 
the iodide. 

Mercuric iodide HgL. A mixture of 5 parts 
iodine and 4 parts mercury is moistened with a 
little alcohol, triturated, and sublimed. Bublanc 
pours 1 Jtilo. of alcohol upon 100 grams of mer- 
cury and adds 124 grams o#*iodine in 10 succes- 
sive portions, triturating each time until the 
alcohol becomes colourless. The last 4 grams 
usually produce a permanent colour. The prti- 
cipitate is then washed with alcohol and dried. 

In the wet way, wLich is the best, a solution 
of 10 parts potassium iodide is added to a solu- 
tion of 8 parts mcrctiric chloride, and the preci- 
pitate, wLich IS salmon-coloured at first but soon 
becomes red and crystalline, is^washed. A slight 
excess of either the chloride or •iodide will re- 
dissolve a portion of the precipitate. 

Mercuric iodide may be obtained in com- 
paratively large crystals by the action of a 
mercuric salt on ethyl or methyl iodides (Bo- 
droux, Compt. rend. 130, 1622 ) ; by the action 
of these iodides on the metal a very pure product 
may be obtained (Neogi, Chem. Soc. Abstr. 1907, 
ii. 772). 

Mercuric iodide is dimorphous, existing in a 
red and a yellow form. The red variety is pro- 
duced by the above methods of preparation. It 
crystallises from hot potassium iodide, alcohol. 


or nitric acid in tetragonal prisms and pyramids 
(Luezizky, Zeitsch. Kryst. Min. 1909, 46, 297), 
and is soluble in many organic solvents (Beck- 
mann and Stock, Zeitsch. physikal. Chem. 1895, 
17, 130). Its sp.gr. is 6*26. Whei^ heated to 
127° it changes into the yellow modification with 
absorption of heat (Guiiichant, Compt. rend. 
1907, 145, 08). If further heated it remains 
yellow up to 190°, but slowly becomes red again, 
the colour deepening continuously between 
180° and 255*5° when it melts (Rodwell, Phil. 
Trans. 1882, 173, 1125; Smits and Bokhor.st, 
Zeitsch. physikal. Chem. 1915, 89, 365). Obser- 
vations made with large crystals of yellow 
mercuric iodide show that the gilVdual develop- 
ment of the orange colour with rise of tempera- 
ture is not accompanied by any change in 
crystalUne form. This fact points fo the forma- 
tion of mired rhombic crystals containing 
both yellow and red modifications. There 
are apparently two isomeric forms of mercuric 
iodide (a and /}), the red and yellow modifications 
being mixed crystals containing the two forms 
in different pioportions (Smits, Proc. K. Akad. 
Wetensch, Amsterdam, 1917, 19, 703). The 
yellow form volatilises without decomposition, 
the vapour density corresponding to the formula 
Hgi.^. By cooling the hquid or condensing the 
vapour ((jernez, ('ompt. rend, 1899, 128, 1516), 
th(^ yc'llow modification is obtained in rhombic 
juisms of sp.gr. 6*06 which retain their form 
and colour when cooled to the ordinary tempera- 
ture, 'but slowly (or immediately on rubbing) pass 
into the red variety. Nevertheless the yellow 
form may be kept at the ordinary temperature 
lor many years (Gernez, Compt. rend. 1909, 148, 
1015), and it separates from nearly all organic 
solvents in this form, tliough it is only stable 
above 126° (Kastlc and Clark, Amer. Chem. J. 
1899, 22, 473 ; Kastlc and Reed, ibid. 1902, 27, 
209 ; Gernez, Comjit. rend. 1903, 136, 889 ; 
129*5° Reinders, Zeitsch. physikal. Chem. 1900, 
32, 507). If mercuric iodide is heated at about 
300°-500° in a long glass tube connected with a 
vessel in which the jirossurc' can suddenly bo 
decreased from 1 to /^th atmosphere it con- 
denses as colourless snow which becomes pink 
and ultimately red (Tamman, Zeitsch. anorg. 
Chem. 1920, 109, 213). d litre of absolute 
alcohol at 18° dissolves 11*18 grains of the salt ; 
80 p.c. alcohol dissolves only 2’86ggrams. It is 
almost insoluble in water ; 1 litre at 17*5° dis- 
solves 0*0403 gram (Bourgoin, Bull. Soc. chim. 
[ii.] 42, 620), 

In potassium or other alkaline iodide, it dis- 
solves freely with formation of a double iodide. 

The solution in potassium iodide is a more 
powerful antiseptic than mercui*ic chloride. It 
has been oraployed in tlie preparation of an 
antiseptic soap (Thomson, J. So® Chem. Ind. 
1888, 192). An alkaline solution of mercuric 
iodide in potassium iodide is employed as a 
delicate test for ammonia and its compounds, 
being knowui as Nessler's solution. 

In mercuric chloride it dissolves readily, 
forming a double chloride and iodide. 

Mercuric iodide forms a very large number 
of double salts (?’. Duboin, Ann. CHm. Phys. 
1009, [viii.j 16, 258). With alkali iodides and 
ether it forms both crystalline and liquid com- 
pounds, e.g. KHgl3*3Et2(), and KJlgl,*4Et20 
(Marsh. Chem. ISoc. Trans. 1910, 2297). 
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Mercuric iodide is much used in phot<igraphy 
as an intensifier, a solution in sodium sulphite 
containing the jirojiortions, RgloiNaoSOa: 
water : : 1 ; 10 : 100, being the best. For details 
see Lumiere Bros, and SSeyewelz (Monit. Scient. 
1899, 13, 782 ; ,1. Soc. (*hem. Ind. 1899, 1155). 

Mercurous fluoride produced by the 

action of hy<lrofluoric acid on tJie carbonate or 
of silver lluoride on calomel (t'lnkener, Pogg. 
Ann. 110, 142), is a yellow crystalline powder, 
hydrolysed by hot watiT and blackened by light. 

Mercuric fluoride 41gF2,2H20, prepared by 
dissolving mercuric oxide in aqueous hydro- 
fluoric acid (Finkencr, Pogg. Ann. 110, 028) is 
a white crystar/me salt. It is decomposed in air 
at 50“ forming an oxyjluortdr, JHgF(OH); and 
in dilute aqueous solution is completely hydro- 
lysed, but without formation of oxyfluorides 
(Jaeger, Zeitsch. anorg. Chom. lOOl, 27, 22 ; 
Oox, ibid. 1904, 40, 140) 

Arihjfdrous mercuric fivoridp may be prepared 
by heating mercurous fluoride in dry chlorine at 
275°, or in dry bromine at 400 ^, or by heating 


parts water, the mercwious salt is formed. If 
the acid be sufficiently strong to effervesce, or 
bo used in excess, or if the mixture be heated, 
mcrcuiic nitrate is jiroduced. 

Mercurous nitrate HgslNOjJa forms mono- 
clinic tables containing 2 molecules of water. 
They effloresce and become anhydrous in dry 
air and when heated to 70“ melt to a clear liquid 
of sp gr 4-3 (Retger.s, Jalirb Min. 1890, li. 183). 
The jmre salt is immediately decom})osed by 
water with formation of a basic nitrate, and when 
it is hoiled with water mercury is volatilised and 
may be condensed in globules (Hada, C'hcm. 
bloc 'I'rans. 1890, 1007). Heveral basic nitrates 
are known {r. Fox, Zeitsch. oiiorg. ('hem. 1904. 
40, 174). 

Mercuric nitrate HglJSlOa)^ j>roduced by 
boding mercury witli nitric acid until the solii- 
iioii no longer gives a precipitate with sodium 
chloride. Large crystals containing 

2l]g(N(),,)2,li,() 
separate on concentration. 

'I’he action of water at 25“ on ineicunc 


mercurous lluoride at 450” under 10 mm. 
pressure, 'rransparent octahedral crystals, 
ra.p. 640°, b p. 650“ (estimated). On exposure 
to air hydrogen lluoride is evolved and mercuric 
oxyfluoride and ultimately mercuric oxide are 
formed. 

Mercuric chlorofluoride Hg^FlF, a pale 
yellow substance, formed by passing dry 
chlorine over mercurous fluoride at 120“ (Rulf 
and Bahlau, Ber. 1918, 51, 1752). 

Mercurous sulphate Flg2(S()4)2 is prepared by i 
dissolving 2 jiarts mercury in 3 parts sulphuric I 
acid with the aid of a gentle heat ; or by the ' 
addition of sulphuric acid to a solution of mer- 
curous nitrate ; or by the electrolysis of sul- 
phuric acid with a mercury anode (Hulctt, 
Zeitsch. physikal. Chern. 1904, 49, 494). It is a 
white crystalline salt whiifli with water yields 
first the basic salt tIg 2 S 04 -Hg 2 (bH 2 (), and ffnaJly 
the oxide. 

Mercurous sulphate is used in the .standard 
cells of Clark and M^eston. 

Mercuric sulphate HgSO^ is propanol by 
dissolving mercury in strong siiljiliiinc acid 
with the aid of heat, or mercuric oxide in dilute 
sulphuric acid, its preparation lia.s been de- 
scribed under Mercuric chloride. 

From its iv?lution in sulphuric acid it crystal- 
lises in small, silvery, stellate plates. When 
strongly heated, it becomes reduced to mer- 
curous sulphate with evolution of oxygen, mer- 
cury, and sulphur dioxide. 

It is soluble in sodium chloride siflution. 
When heated with water it produces a yellow 
basic sulphate HgS 04 * 2 Hg(>, which turns red 
when heated, known as turpeih or turbith mineral^ 
which is soluible in 2000 parts of cold and 600 
parts of hot water. Turpeth appears to bo the 
only basic sulphate which can exist in equili- 
brium with water at 25° (Cox, Zeitsch. anorg. 
Chem. 1904, 40, 165; Hoitsema, Zeitsch. 
physikal. Chom, 1895, 17, 661; Guinchant, 
Hull. Soc. chim. 1896, fiii.] 16, 656). A thio- 
basic mercuric sulphate, 4HgO‘2HgS *3808,41120, 
has been described by Estrup (Zeitsch. anbrg. 
Chem. 1909, 62, 168). 

Nitrates. Several nitrates of mercury are 
known, When excess of mercury is dlseolyed 
in a cold mixture of 1 part nitric acid and 4 


nitrate produces a basic salt, Jlg(NO .,)2 2llg(.), 
as a heavy white jiuwdcr, winch is decomposed 
on further treatment with water yielding the 
oxide ((k)x, ZciLscli. anorg. Chem 1904, 40, 
159). 

Mercurous nitrite ilg.lNOa)-.! jnuduced by 
the action of dilute nitric acid iijion mercury 
and forms yellow needle.s winch are partially 
decomposed by w'ater. JJiliitc intrif; acid slowly 
converts it into mercurous nitrate, and w'heii 
heated it decomposes yielding nitiic oxide, 
mercurous nitrate, mercury, and mercuric oxide 
(Kay, Zeitsch. anorg. Chem. 1896, 12, 366; 
Chem. Soc. Trans. 1897, 337; Bay and Sen, 
ibid. 1003, 491). fl’he imre salt has sp.gr. 5-926 
(Bay, (.flieiii. Soc. Trans. 1908, 999). 

Mercuric nitrite ilg(N02)2 obtained by the 
action of mercuric chloride on silver nitrite or 
by^ the decomposition of mercurous nitrate by 
water (Ray, Cffiera. Soc. Bruc 20, 57 ; Chem. 
Soc. Trans. 1897, 7J, 337). 

Mercuric hyponitrite BgNaOo, formed by 
the action of sodium hypomtrito on mercuric 
nitrite, is a buff-coloured powder which dccom- 
jioses spontaneously into nitric oxide and 
mercurous hvponiV'ite (Divers, Chem. Sue. 
Trans. 1899, 119 ; sec also Ray, ibid. 1907, 1404, 
2031 ; Ray and Ganguli, ibid. 1399). 

, Mercury nitride NgHga is produced as a 
brown powder by the action of potassamide on 
mercuric bromide in liquid ammonia solution. 
When dry it is very explosive {v. Franklin, 
Ze'tsch anorg. Chem. 1905, 46, 1). 

1 Mercury acetylide {mercury carbide) 

1 (,‘lBgHC;CH(n 

prepared by prssing acetylene into a solution of 
mercuric oxide in ammonium hydrate and 
carbonate, is a heavy white powder, which is 
explosive (r. Plimpton and Travers, Chem. Soc. 
Trans. 1894, 264). For the action of acetylene 
on solutions of mercuric chloride and acetate, 
see Burkard and Travers (Chem. Soc. Trans. 
1902, 81, 1271); Blitz and Mumm (Ber. 1904, 
37, 4417), and Brame (Chem. Soc. Trans. 1906. 
427). Chapman and Jenkins {idem. 1919, 115, 
847). An acetylide containing twice the amount 
of acetylene, and having the constitution 
CHCl:CH-Hg-CH:CHCi 
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has been jjroparrd by Jenkins (Chem. Soo. 
Trans 1921,119.747)/ 

Mercuric cyanide llg(CN )2 is prepared by 
boiling a solution of 1 part potassium fcrro- 
cyanide and 2 parts mercuric sulphate in 7 parts 
water : 

2K4Fe((JN)„ + 7HgS04 

-(iHg(CN)2+4K,SO,-f Hg 

It may also be prepared by adding 31 grams 
sodium cyanide dissolved in HO e.c. water to 
90 grams mercuric sul])liate. Heat is evolve<l 
and the whole solidifies to a mass of granular 
mercuiic cyanide which is extracted with boiling 
alcohol and finally recrystallised from waiter 
(Rup|) and Coy, A}*olh. Zeit. 1008, 23, 374). 

It erystallises in white needles or ietragoiinl 
pi isms soluble in 8 ]mrts oj cold water, insoluble 
in absolute aleobol. When ignited, it decom- 
jioses with evolution of eyanogeii. 

In aqueous solution mereuric' eyamde only 
undergoes ionic dissoeiaiioii to a very small j 
extent, and therefore docs not exhibit all the j 
usual reaeiions of mercuric salts. For example, i 
willi potassium iodide it yields, not mercuric 
iodide, but a complex salt Hg((!N) 2 ’ngl 2 - 2 K('N 
(Hupp arid (Joy, Arch. Fharui. 1000, 247, lOO). 
It is deconi])oscd with formation of hydioeyanic 
acid by hydroeJiloric, hydrobromic, and hy- 
dnodic acids, or by sulphurciied hydrogen, but 
not by dilute sulphuric or nitric acids. 

The a.<|ueous solution readily dissolves mer- 
curic oxide forming the basic salt lIg(CN) 2 ‘HgO, 
which is used as an antiseptic under the name of 
mercuric oxycyumde (Holdermann, Arch, Pharm. 

1005, 243, 000; 1000, 244, 133; Rupp, ibnl 

1006, 244, 1 ; Jones, Pharm. J. 1920, 105, 87). 
The pure salt is dangerous to handle and may 
occasion explosions. 

Mercuric thioayanate Hg((,!NS )2 is jireparod 
by the addition of an excess of mercuric chloride 
to a solution of ammonium thiocyanate. It 
forms a white crystalline precipitate which 
burns freely when ignited with evolution of 
mercurial vapours, and forms a most voluminous 
ash. 

J t is oi'casionally made into a thick paste with 
gum and worked into pilules which when dried 
arc Hold^as Pharaoh' a serpent'. egqs. 

It is soluble in a solutio^i of ammonium thio- 
eyanato, and this solution, under the trade-name 
‘ Agfa,’ is used as an intensifier for photographic 
negatives (Eberhard, Photo. Mittheil, HK)1, 3H, 
15 ; J. Soc. Ohom. liid. 1001, 387). 

Ammontacal UoMi’oiTNii.s OF Mercury. 

Very many of these compounds have been 
described, but little is known as to their con- 
stitution because the ordinary methods for the 
determination of molecular \^eight are not 
applicable to them. 

It is probable that there exist substitution 
products of ammonia of the type (OHgjiNHg-X' 
{amino-mcrcuric comjwnnds) ; substitution pro- 
ducts of ammonium compounds of the type 
NHgjX'-HaO 

mermri-ammonium compovnds) ; and additive 
compounds of ammonia and mercuric salts. 
{See Rammolsberg, J. pr. Chem. 1888 [ii.) 38, 
558 ; Barfoed, ibid. 1889, [ii.] 30, 201 ; Pesci, 
Gazz. chim. itab 1891, 21, 669 ; Zeitsch. anorg. 


] (Jhem. 1899, 21, 301 ; .see also Hofmann and 
J Marburg, Annaleii, 1899. 306, 198; Zeitsch. 

I anorg. (Tiem. 1900, 23, 126 ; Franklin, J. Amor. 
Chem. Soc. 1007, 20, 36). 

MiUons base has the empirical formula 
HjOjjNHgg, and is regarded as dihyiroxijdimer- 
[ curiam monrnm hydroxide {H()‘Hg)2 : NH2’0H, 
or as dimcrcuriammonium hydroxide 
Nlfg2'0H-2H20 

: It is formed as a pale yellow powder when 
I mercuric oxide is gently warmed with dilute 
I ammonia.. It deflagrates when heated. 

Sftlis of Milkm's base art' formed by dige.siiiig 
1 the has(‘ with dilute acids, or by adding ammonia 
[ to solutions of mercuric saltt# of oxyacids. 

I Anhydrous salts of the formula NHgjX" have 
been obtained but are jirobably not true deriva- 
j tives of Millon’s base, but amino eoiiijiounds of 
Mic type Hg :X*HgX' (Fianklin, Zeitsch. anorg. 
Chem. 1005, 4(i, I : see also Fran 9 ois, Compt. 
rend. H)00, 130, 332, and 1022). 

The iodide of Mdlons base (UHg) 2 NH 2 'l 
{oxydime.rciirummonivm iodide) is formed by 
adding ammonia to a solution of mercuric po- 
tassium iodide (Messier’s solution, n. Analyi 91S), 
or by the action ol exei'ss of ammonia on mer- 
curic iodide. It is a brown jiowder, fusible 
without decompo-sition 

Amino mercuric chloride, Infusible white 
I pU'CipUale HjNdlgCl (Hofmann and Marburg; 
j Franklin ; Saha and Choudhury, Zeitsch. anorg. 

; Chem. 1014, 86, 225), is prepared by the addition 
' of animonia to a solution of mercuric chloride. 
For medicinal purposes 1 ounce of mercuric 
chloride is dissolved in 3 quarts of water, and 
to the cool solution 8 fluid ounces of concentrated 
ammonia is addl'd with frequent agitation, and 
the precpiitate is washed and dried. 

It is a white, inodorous, highly poisonous 
jiowder, totally volatile on heating to 3()0°, 
slightly soluble in Ixnling water, easily soluble 
in nitric, hydrochloric and siiljihuric acids, in- 
soluble in alcohol. 

An analogou.s compound derived from ethyl- 
amine, NH(C. 2 H 5 )HgCl, is known. 

By dige.sting infusible white jirecipitate with 
nearly saturated solutions of ammonium chloride 
containing varying amounis of merciirie chloride, 
compounds of the formula 3HgCl2‘2NHj, or of 
ng(32'2Nll3 separate out. By using Bolutions 
nearly saturated with mercuric^ chloride^ and 
adding variable small amounts of ammoiiifim 
chloride HgClg’NHa’HgCl is formed (Stromholm) 
(Holmes, Chem. 8oc. Trans. 1018, 113, 74). 

Fusible while precipitate, Hg(NH 3 ) 2 Cl 2 is 
produced by boiling the above compound with 
ammonium chloride solution, and form crusts of 
small regular dodecahedra. 

Mercury Salt.s of Organ* Acids. 

Mercurous formate HgalHCOjla, obtained by 
adding sodium formate to mercurous nitrate 
solutiofi, forms white leaflets soluble in 250 parts 
of water at 17^ MTien boiled with water it is 
reduced to metallic mercury (Liebig, Annalen, 
3, 207). 

.Mercuric formate Hg(HC02)2, obtained by 
solution of yellow mercuric oxide in dilute 
formic acid, slowly changes to mercurous for- 
mate with liberation of formic acid and carbon 
dioxide (Varet, Compt. rend. 1906, 140, 1641). 
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Mercurous acetate li:gi,(CH3-C02)2 forms 
white leaflets, mere stable than the formate, 
soluble in IHfl j)art8 of water at 12‘’-15“ (Lefort, 
Armalen, 5b, 2.47). 

Mercuric acetate Hg(C]l3-C02)2 also forms 
white leaflets soluble in 2 ’75 parts of water at 
19° and in 1 part at 100°. The aqueous solution 
is acid, and on wariijing, the salt is largely 
hydrolysed. Both these salts are used in 
medicine for the treatment of skin diseases. 

Mercuric benzoate is obtained by x^recipita- 
tion from sodium ben/oate and a mercuric salt ; 
it cannot bo roerystalliHcd from water, as it is 
very slightl}' soluble, and undergoes partial 
hydrolysis. 

Mercuric meate and stearate, prcjiared by 
double decomposition, arc used in jiharmacy 
(Dott, Chemist and Druggist, 1909, 74, 785), 

Mercurous oxalate HgnC.O^ is a white salt, 
very slightly soluble m water, msoIhbU' in excess 
of oxalate (Schafer and Abcgg, Zeitseli. anorg. 
Chem. 1905, 45, 299). It has been used in 
gelatin emulsions for phototype jirintmg 
(Castellani, Phot. Korr, 100b, 43," 281; J. Soe. 
Chem. Ind. 1900, 827). 

Mercuric oxalate HgC^O^ is also sparingly 
soluble in water, but form”s soluble double salts 
with many oxalates. In solution it is quantita- 
tively reduced to mercurous oxalate by the action 
of light (Roloff, Zeitsch. pliysikal. (fliem. 1894, 
13, 324). This reaction is made use of in Kdcr's 
mercury oxalate photometer {v. Abegg, Zeitsch 
Elektrochom. 1903, 9, 509). The sensitiveness 
of the solution to light is increa.sed by the 
fluoresceins and their sodium salts (.lodibaucr 
and Tappeincr, Ber. 1905, 38, 2002). 

Mercuric fulminate (C : N'0)2Hg,4H20 is jne- 
pared hy adding 17 parts of alcohol (0(> p.c.) to 
a cold solution of 3 xiarts of mercury in 30 xiarts 
of nitric acid (9p.gr. 1 -34), contained in a large 
flask. The mixture froths and turns black, and 
a very violent reaction takes ])laoe which is 
moderated hy the addition of another 17 parts 
of alcohol. On the largo scale the reaction i.s 
carried out by mixing in large glass balloons 
] part of rnorcurv, 10 parts of nitric acid (s]) gr. 

1 '33), and alcohol (sp.gr. 0-833) in the jiroportion 
of 1 litre to each kilo, of acid. The reaction 
generally begins spontaneously and is allowed 
to proceed by itself (Beckmann, Ber. 188b, 19, 
093 ; Lobry do Bruyn, ibid. 1370) (v. Fulminic 
acid). 

On cooling the solution produced by either 
method, mercuric fulminate crystaliises in 
shining white or grey -coloured prisms, sp.gr. 4-42. 
It is insoluble in cold water, but fairly soluble in 
hot water and in aqueous ammonia (i’. Steiner, 
Ber. 1876, 9, 779). 

Pure mercury fulminate i.s unacted upon by j 
potassium permanganate, and the presence and 
amount of ufisaturated impurities in the salt 
may be determined by its behaviour towards 
permanganate (Rathsburg, Bor. 1821, 54 |B1, 
3185). 

Mercuric fulminate explodes violently on 
percussion or when treated w-ith sulphuric acid, 
and is much used as a detonator (?\ Explosives) ; 
but when ignited with a flame it bums wit^ a 
reddish flame yielding carbon monoxide, nitro- 
gen, and mercury. 

Mercuric Azide DgNj may Ik? obtained by 
mixing concentrated solutions of sodium azide 


and mercunc nitrate, when mercuric azide is 
|)rccipitated as a powdery mass which can be 
X>urified by solution and crystallisation. It is 
highly explosive. Although it has the same 
molecular weight as mercuric fulminate and 
develops the same volume of gas on detonation, 
its ‘ hrisance ’ is twenty to thirty times as 
great (u/. Stetlbacher, Zeitsch. ges. Schiess. u. 
Sprengstolfw. 1920, 15, 211), jSer ExrnosiVES. 

Mercury gallate, prepared by triturating 
37*b grams gallic acid and 21 'b grams yellow 
mercuric oxide in 25 c.c. of water, is used 
theraxieutieally as an antisyphilitic (Brousse and 
(fay, (lompt. rend. 1893, 117, 284). 

Mercury tannate is prepared by triturating 
mercurous nitrate (20 grains) with tannin (12 
grams), and is also used in medicine (Zdarck, 
J. Pharm. d’ Anvers, 58, 98). 

Mercuric p-phenolsulphonate is used medi- 
t cinally under the name ‘ hydrargyrolC and its 
compound with ammonium tartrate is similarly 
used and known as ‘ aMcrol." 

Organic Mercury Derivatives. 

Mercury can rejilace hydrogen in most 
organic compounds, and the substances so formed 
fall into two broad classes ; (a) those in which 
I mercury is attached to carbon, and (6) those in 
which it is attached directly to nitrogen. 
Generally, compounds of class (a) are noii- 
I eleetrolyti'S and in general chemical properties 
resemble the parent compounds. Compounds 
of class (5) are usually less stable and in solution 
show the reactions of the mercuric ion. 

Mercury Derivatives of Aliphatic Compounds. 

Mercury alkyl derivatives arc of two classes : 

(1) Monalkyl derivatives 
X-Hg-C„H 2 ,^ + i(X -- Cl,<;Jr,I. etc. ) 

(2) Dialkyl derivatives irg(C^H 2 ^^^ 1 ) 2 . 

• (1) Monalkyl mercury compoundi> arc pre- 
jiarod : 

(a) Jiy the action of mercury on alkyl 
iodides in sunlight. 

(5) By the action of halogens, haloid acids, 
or mercury halides on the dialkyl derivatives. 

The halogen compounds are usually colour- 
less crystalline solids, wJiich have a definite 
melting-point and can he sublimed and distilled 
in steam. Treated Avith moist silver oxide they 
vivid hydroxy compounds which are thick 
liquids, soluble in water and alcohol, strongly 
basic in character and forming series of salts. 

Methyl mercuric iodide CHg’Hgl, forms 
colourless crystals, m.p. 143°, which sublime 
when heated (Frankland, Annalen, 85, 361). 

Ethyl mercuric chloride CjHp'HgCl forms 
pearly leaflets,^, sji.gr. 3 ’48, subliming at 40° 
( Dunhaupt, Annalen, 92, 379 ; see also Buckton, 
ibid. J 12, 221). 

Ethyl mercuric hydroxide (/oHj-HgOH, pro- 
duced by the action of moist .silver oxide on the 
preceding compound, is a viscous caustic liquid 
which gives rise to a number of salts. 

(2) Mercury dialkyls are prepared : 

{«) By the action of sodium amalgam on 
alkyl iodides in presence of ethyl acetate (Frank- 
land, Annalen, 130, 105). 

if}) By the action of pota.ssium cyanide on 
! mercury alkyl iodides. 
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(f^ By treating zinc alkyls with mercuric 
chl(;riclo or an alkyl mercuric chloride {v. also 
Buckton, ibid, 108, 103j. 

They are colourieas heavy liquids, unchanged 
by air or water at the ordinary temperature. 
They have a peculiar faint odour, and are 
extremely poisonous {v. Hepp, Bcr. 1887, Kef. 
798). When heated in air they bum. 

Mercury dimethyl Hg((JH3)2 has b.p. 93”-96° 
and sp.gr. 3*07. Hydrochloric acid converts it 
into mercuric chloride (Seidel, J. pr. Chem. [ii.] 
29, 134). 

Mercury diethyl Hg(C2Hj).^ has b.p. 159®, 
Rf).gr. 2*44. Mixed mercury alkyls of the typo 
have not been obtained (Frank- 
land, Aniialen, 111, 57 ; Buckton, ibid. 109, 
222 ). 

(Foi- an account of the many known aliphatic 
compounds containing mercury, .see Beilstein’s 
Handbuch der Org. C'hcm. Bd. i. 1524-1520 ; 
suppl. i. 854). 

Merew icthylene -diamine sulphate 

Hg(CH2*NH2)2*H,S()4 

mixed with a molecular proportion of ethylene 
diaraino i.s used as an antiseptic under the trade 
name ‘ sublaimnd It does not precipitate soap, 
or coagulate albumen, and has a greater germi- 
cidal and a loss toxic action, W'cight for weight, 
than mercuric chloride (vSeordo, Chem. Soc. 
Abstr. 1907, ii. 713 ; Pesca, Cazz. chim. ital. 
1909, 39, i. 143). 

Mercury Derivatioes of Aromatic Compounds. 
Aryl mercuric compounds are formed with 
an ease comparable Avith that of sulphonation or 
nitration and the metal enters the usual position 
in the molecule (except in the case of benzoic 
acid, V.I.). 1’hey are usually prepared by boiling 
the aryl coraporinds with mercuric chloride 
solution. When acted on by stannous chloride 
in alkaline solution they yield mercury and 
mercury aryls of the type HgRj (Himroth, Chf m. 
Zentr. 190i, i. 449). 

Mercury diphenyl Hg(CgH5)2 is prepared by 
heating bromobenzene, mcrcurio chloride, and 
metallic sodium in benzene (Michaclis and Reese, 
Bor. 1882, 2876) ; or by heating bromobenzene 
with an equal volume of xylene, a little ethyl 
acetate* and excess of sodkim amalgam (Aron- i 
heim, Annalen, 194, 145). It is also obtained by 
the action of mercuric chloride on an ethereal 
solution of magnesium phenylbromidc (Pfeiffer 
and Truskier, Ber. 1904, 37, 1125). It crystal- 
lises from benzene in white needles or rhombic 
prisms, m.p. 125®-126°, is easily volatile and 
gives a vapour irritating to the eyes. Mercury 
diphenyl has a therapeutic action equal to that 
of the fatty comjiounds, but it is less poisonous 
(Louise and Moutier, Conipt? ijpnd. 1905, 140, 
1703). 

Phenyl-mercuric chloride C^Hj-HgCl, made 
by the action of chlorine on mercury diphenyl, 
forms small white rhombic prisms, m.p. 250® 
(Dreher and Otto, Annalen, 154, 93). 

Phenyl-mercuric hydroxide (/jHj'HgOII is a 
stronglv caustic liquid and forms numerous 
salts (Otto, Ber. 1885, 246). 

Mercury di-tolyls, di-xylyls, di-naphthyls, &,c'., 
are known, and each forms similar series of 
compounds. 

0- and p-IJydroxyphenyl mercurioxides and 


hydroxy-phenylene-dimercuryoxides are present in 
the so-called * mercury phenate,’ the hydrargy- 
rumcarbolicum — of the pharmacopoeias (Dimrotli, 
Bcr. 1902, 35, 2853). This is obtained by preci- 
pitating a solution of mercuric chloride with 
sodium phenate (Merck, Apoth. Zei4. 1889, 4, 
651 ; Andres, Pharm. Zeitsch. Russe, 27, 625), 
and is used medicinally in the treatment of 
syphilis. 

o-Hydroxymercuribcnzoic a ri h yd ride 

IS the chief constituent of tlio ‘ mercury ben- 
zoate ’ used medicinally. It i^ juepared by 
digesting freshly precipitated mercuric oxide 
with benzoic acid and water and is formed by 
the action of dilute acids on the salts of o- 

hydroxymercw^ibenzoic acid ^ 0K4 <,(?q.qj|' 

o-Mercuiidibcnzoic acid Hg : (CjH4*COOH)2 
IS also known (Pesci, Atti. R. Accad. Lined, [v ] 
10, i. 413). 

A nhydro-o-hydroxymcrcurisalicyltc acid 


CO 0 



is produced by boiling mercury salicylate with 
water for 15 minutes, and is therefore the mam 
constituent of ‘ hydrargyrum salicylicumf which 
IS prepared by digesting yellow mercuric oxide 
with aqueous salicylic acid. It is much used in 
the treatment of syphilis (Buroni, Gazz. chim. 
ital. 32, ii. 307 ; Himroth, Ber. 35, 2872 ; see 
also Larin, Chem. Zeit. Rep. 1901, 25, 193). 

(For further details of mercury aromatic 
compounds and a comjilete bibliography, v. 
Beilstein, Handbuch der Org. Chem. Ba. iv 
170.3-1713; suppl. iv. 1208-1218. 

MERGAL. Trade name for a combination of 
mercury cholate and albumin tannate. 

MERIODIN. Merirjdin is a trade name for 
mercury diiodo-para-phcnolsulphonate ; it is 
also known as ‘ mercury sozoiodol.’ It is a 
caustic, and has been used ns an antisyphilitic. 
It is an orange-yellow powder, soluble in sodium 
chloride solution, but insoluble in water or 
alcohol. It is employed in parasitic and 
syphihtic skin diseases, and as a dusting powder 
in intertrigo, leg ulcers, &c. ‘ Aftejgon, a mixed 
mercurous and mercuric compound of diiodo- 
phenolBulphonicacid(‘ Sozoiodol ’),is also called 
Meriodin.’ 

MERLUSAN. Trade name for a mercury 
compound of tyrosine. 

MEROCHINOL. Trade name for mercury 
hydroxyquinohne sulphonate. 

MESCAL BUTTONS v. Mezcaline. 

MESITITE. A member of the calcite group 
of minerals intermediate in composition between 
magnesite and chalybite. Rather than having 
t he definite molecu lar compositio n 2MgCO 3 ‘FeC 0 j 
assigned to it by Breithaupt, it is an isomorphous 
mixture of 60-70 p.c. MgCOj and 60-30 p.o, 
FeCOj, grading on the one side through breun- 
nej^to into magnesite, and on the other through 
pistomesite and sidoroplesite into chalybite. 
Sp.gr. 3 *3-3 *45. It occurs as well-developed, 
I pale yellow, rhombohedral crystals in the iron 
I mines at Traversella in Piedmont, and as sparry 
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masses tii the Styna-n tnagneHitc (breuiineiite) 

deposits. L. J. S. 

MESITOL V , Thenol and its homologuen. 

MESITYLENE r. ('iTMKNBS. 

MESORCINOL V. I’jfENOL AND ITS JIOMO- 
LOQUES. 

MESOTAN. Trade name for a ycdlowish 
oily liquid, obtained 

by treating sodium salicylate with nionoelilor- 
lUmcthyl other {v. Synthetic drugs). 

MESO-THORIUM v. Radioactivity and 
Thorium. 

MESOXALDI ALDEHYDE e. Ketones. 

MESOXALIC ACID i . Ketones, 
meta-arabic acid V. Gums. 

METACETONE. Ry heating sugai with liin<* 
Ercmy obtained a substance, b.j). fo Avhieh 
he gave the name wclacHonc and Die forimihi 
Fiseher and Layeoek find that this 
body IS in reality a mixture of ■p)<)p}i]fil(irJnf<}( , 
dimetbplfurfijirav, a Ihird snb.stanei' with tho 
properties of a hydrocarbon, ami a nnmbei ol 
other lower and higher boiling hoinologue.s. 
Fischer and Layeoek distilled 100 kilos, of sugar 
and 300 kilos, of burnt lime, and eolleeted the 
distillate in fractions. Era<‘tion «, distilling 
below 0.'')'’, (amibined partly willi phenylhydra- 
zine, yielding the phenylhydrazoiie of juopylal- 
dehyde. 'I’he distillate boiling at con- 

sisted of furfuran, and that boiling at 4r>‘'-().5“ 
i.s probably methylfurfuran. Fraction I, dis- 
tilling at 05°-ll5“, was treated like traction a, 
phenylhydrazine being added, and the product 
distilled. Tlic distillate consisted of a hydro- 
carbon and a substance which dissohcd on 
heating with dilute hydrochloric a< id to 170", 
forming acetonylacetorie, and which is jirobably 
diniethylfurfuran. The ri'sidue, which com- 
bined with phenylhydrazine is the ])henyl- 
hydrazone of propylaldehyde. 'Jdie traction 
boiling above 11.5® is a com|>lex mixture, con- 
sisting of higher honiologues of liiHuron and 
aldehydes, which could be removed wilh sodium 
bisulphite. 

Fiseher and Layeoek have investigated wood 
tar, and found that this likewise contains jiropyl- 
aldehyde and dimethylluifuran (Rer. 1889, 22, 

101 ). 

METACETONIC ACID V . Propionic acid. 

METAHEWETTITE v. Hewettite. 

METALDEHYDE Aldehyde. 

METALLIC SOAPS ^Soaps. 

METALLOGRAPHY deals with the internal 
structure and constitution of ii»tal.s and llieir 
alloys. The science is a comjiaratively young 
one, dating back only to 18(j4, when Horby 
(Proc. Sheffield Lit. Phil. Soe. 18()4) first applied 
the microscope to the study of metals and 
established the clo.se analogy which exists 
between the internal structure of metals and of 
rocks. Sorby’S* pioneer work, however, remained 
neglected for a long time, and the microscopic 
study of metals and alloys was revived inde- 
pendently in Germany by Martens (A. Martens, 
Zeitsoh. Ver. dent. Ing. 1878, 22, 11) and in 
France by Osmond (F. Osmond and J. Werth, 
Gompt. rend. 1885, 100, 450). Since then the 
subject has developed rapidly, and npw 
numbers many enthusiastic workers, among 
whom may be mentioned in England the late 
Roberts- Austen, Arnold and »Stead ; in France 
Osmond, Le Chatolier, Charpy, and GuiUet ; and 


in Germany ileyn, A^’ust, Friedrich, and 
'rammami. 

The metallograplijc study of metnls and 
alloys is earned out by both microsc ojiieal and 
physical means, the most important of the latter 
being the thermal or ])yrometric study of the 
behaviour of the.'^o bodies on heating and 
cooling. Other phyi^ical methods, such as 
meiusurements of thermal expansion, electrical 
resistance, solution potential, and many other 
quantities have al.so lieeti cnqdoyed. The pyro- 
metne method is, however, at present far tlie 
most fruitful and imjiortant, and in the present 
ailiele attention will be almost entiri'ly con- 
fined to this one among the jihysieal methods 
pi.st ivh'ircd to. Jn the majority of metal- 
Jographic re.searehes the pyrometi'r and the 
microscope are practic.illy fhe only insiriinients 
used. 

'I'he jiynunef rie study of metals and alloys 
consists in obscr\iiig the phenomena which 
oc( nr in the heating or cooling of the snb.stanco 
lietween the uidmary or even an artiiieially 
lowiTed l.emperatiire, and a high temiieratun* 
at whudi the nmtal or alloy is eomjiletely 
molten. 'I'he ])hononi<'na. in question aiise from 
the fai't that when the substance undergoes 
either a change of state, an allotropie or poly- 
rnorphie transformation, or a chemical reaction, 
these changi's aie aluio.st universally acconi- 
panied by an nbsoiption or an e\olution of heat. 
A familiar exajnple is lotind in the fieeziiig of 
water to form leo, a process which is aeeomjianied 
by the cA^olution of a veiy large amount of heat, 
VIZ. the latent lu'at of fusion of the water. If 
the cooling ])roee.ss of a body liable to such 
eliaiiges is followeii with a siiitalile instrument 
for measuring lemi»eiatuies, and the rate of 
cooling be observed it is found that the oeeiir- 
reiiee of a heat-evolution at #Miy stage of the 
cooling process results m a letardation, and 
sometimes even in an entire cessation of the 
eoo'hiig process— tlic heat cAohed by the 
transformation of the substance for ii time 
balanee.s the lo.ss of heat diu' to radiation, 
condition, <!ve., and koejis the temperature 
stationary. For this reason the temperatures at 
which such changes oeeiir are frequently 
referred to as ‘ aiTest-poinis ’ in the eoohiig (or 
heating) ‘curves’ of, llu' body in questi'oii. In 
the ease of metals, these curves are ohtamed hy 
means of a pyrometer, and generally some form 
of«time-ohservalion Avliieh enables the ob.scrvcr 
to record the rate of cooling over the whole range 
of temperatures involved. Such observations 
are most simply represented by jilotting them 
in a curA'e having the temperature of the metal 
a.s •.rdinate and the time as abscissa, such a 
cuive being known as a ‘ time-temperature ’ 
cool.ng (or heai^n^j) curve ; on such a curve the 
arrest -points are shown as more or less marked 
flattenings of the curve (Fig. 1). If it is desired 
to plot Bucl) a curve on a large scale — and in 
practice the temperature range involved may 
bo as much as 1000° — this mode of plotting is 
found cumbersome, and it is preferable to plot 
the oKservations in the form of an ‘ inverse rate ’ 
curve. I’he ordinates of this curve are again 
the temperatures of the metal, but the abscissae 
are the time-intervals occupied by each succes- 
sive docremeTit (or increment) of the temperature 
of the metal. Thus, during the steady cooling 
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preceding the cominencemeiit of solidification, 
each fall in temperature of 3” might occupy, 
for example, 12 secofids ; then the 3'^ interval 
inehiding the commencement of freezing might 
occupy a time of 
120 seconds, the 

\ next following fall 
of 3" might oc- 
cupy 40 seconds, 
and the following 
one as little as 10 
seconds; in Ihe 
itjvei.so-rate cm ve 
these observed in- 
tiM-vals wou]<i he 

■ ■ ■ ■ . ■ . ■ ■ ])lotted against | 

Time the mean tempe- 

Fm. 1. laturc of eaeli 3" 

interval. lnthes(' 
curves, iiniinrin rales of cooling are repre- 
sented by vertical liiu's, while, arrest-points 
appear in the form of more or Jess sharp 
jicaks, whose ureas approximately represent 
the quantity of hi'at evolved by the trans- 
formation in question (W. Uosenhain, Observa- 
tions on Reealoscenco (hirves, ]‘roc IMiys. 8oe. 
Loudon, lOOS, 21, 180; .sec Fig. 2).‘ Both 
types of curves represent observations of time 
and temperature; m another method of work- 
ing, the tmnperatiire of a uniformly cooling 
body, such as a piece ot pure platinum or 
porcelain, is used as one of the elements of the 
curve. Against tlie actual temjierature of the 
cooling piece of metal is plotted the difference 
between its temperature and that of the neutral 
comparison body just mentioni'd ; this method 
— known as the ‘differential’ or difference 
method of Roberts- Austen— has the advantage 
of extreme delicacy, but it is somewhat more 
laborious and requires more skill on the part of 
the observer m manipulating the ajiparatus, 
wliilo it IS also limited to the observation of 
heat-evolutions occurring at temperatures •at 
which the metal in question remains solid. For 
all those methods of taking cooling or heating 
curves, the temperature observations are usually 
made by niearis of a thermo-couple whose E.M. h\ 
is measured in some convenient way. Thp most 
widespread method of making this measurement 
is by reading the defleetion^of a galvanometer, 
usually of the 
moving-eoil type, ■ / 

but this method % I * 

has serious disad- ^ [ 

vantages, and for ^ 

cases where any ^ ^ 

considerable ac- ^ 

curacy is required | I 

the electro-motive I 

force of the couple I * * 

should be mea- 
sured accurately 

by means of some Time /ntervs/s 

suitable form of p™ a 

potentiometer (W. 

Rosenhain, 'J'he Metallograjihic Investigation of 
Alloys, Journ. Inst. Metals, 1909, i. 200; Obser- 
vations on Recalescence Curves, Proc. Phys. 
Soc. London, 1908, 21, 180). The neglect of 
this condition has rendered a large amount of 
metAllographio investigation unreliable. 

Recently, important improvements have 


been introduced in the methods of taking 
thermal curves ol metals and alloys. So long 
as the specimens under observation were allowed 
to follow the ‘ natural ’ behaviour of the furnaw 
during heating and cooling, the rate of change 
of temperature was always much nfcore rapid 
at the lower end of the temperature scale during 
heating and at the upper end during cooling, 
simply because a furnace rises most rapidly in 
temperature when heating first liogins and cools 
most rajiidly whde it is still very hot, i.c. when 
cooling commences. This largo variation in 
the rates of heating and cooling within the 
eoursii of a single curve results in several dis- 
advantago.s. Eirsf, since the nyjximum rate 
of heating or cooling must not become exces- 
sively rapid, the lower rates whicli occur at the 
opposite ends of the curve, s becomes excessively 
slow, so that the total lime occupied in taking 
tlu' curve is niiich prolonged. Further, lieat- 
evolulions or absorptions ob.seived in those 
parts of the curves taken at a very slow rote 
are not. readily comjiaralilc' with those observed 
while the specimen is being hi'ated or cooled 
at a more normal rate. One way of overcoming 
tins difficulty consists m dcMsijig a furnace 
which can be heated and cooled at a uruform 
rate throughout the range of temperature 
t<‘(j Hired, 'fills can be done by eleef ricat means, 
but involves the use* ot a type of furnace whicli 
IS thcrmallv very inefficient, since the total heat- 
capacity of the furnace must bo kept low if its 
temperature is to follow the rate of electrical 
energy supply without material regard to the 
ordinary laws of cooling. 'I’he method has, 
however, been very successfully employed by 
Burgess and Oowe at the Bureau of Standards 
in Washington (Burgess and Crowe, Bulletin, 
Amer. fnst. Mining Eng. 1913, 2637-2591 ; 
also Scientific Papers, No. 213, tl.S.A. Bureau 
of Standards, 1914). Another method, which 
has been worked out and adopted at the 
National Physical Taiborafory, avoids any 
attempt to control ihe rate of cooling or heating 
of a furnace, but uidises a furnace consisting 
of a long tube which is kept hot at one end and 
cold at the other ; the specimen under observa- 
tion IS moved along this tube by mechanical 
means at a constant rate and is thus heated or 
cooled at a correspondingly constant rale. 
These ‘ gradient furnaces ’ have given veiy good 
results, and they have the considorifble advantage 
that tlic rate of heating or cooling can be varied 
at will so as to suit different purposes (Rosenhain, 
Some Appliances for Mctallographio Re, search, 
Journ. Inst. Metals, 1916, [xiii.1 1, 160-192). 

Much attention has also been given to 
methods of recording thermal curves. In some 
respects, photographic records are advantageous, 
particularly on the ground that they are auto- 
graphic and to some extent frce*from personal 
error ; they have, however, the grave objec- 
tion that the scale which can be employed iS 
necessarily limited to relatively small dimen- 
sions so that no great degree of sensitiveness 
can be reached. For that reason, for the most 
accurate and delicate work, photographic 
methods are now largely discarded, and observa- 
tions are taken by eye and recorded by means 
of a chronograph. If this is done by means of 
an ordinary drum or tape chronograph, the 
subsequent labour of reading off and plotting 
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the observations becomes very great and a 
certain possibility of error arises. Both these 
difficulties have been overcome by a special 
type of ‘ Plotting Chronograph ’ [see Rosenhain, 
Some Appliances for Metallographic Research, 
as above). This instrument, from the tapping 
of a key by the observer, plots directly and 
automatically the inverse-rate thermal curve on 
a very open scale and in a manner which largely 
eliminates the risk of undetected errors or 
observation. 

I’he cooling-curves of metals and alloys, 
taken from a temperature at which the metal is 
lupiid downwards, always show as the highest 
arrest point ^he initial ‘ freezing-point ' of the 
metal ; below this temperature, at which the 
liquid metal first begins to deposit solid crystals, 
the cooling-curves may show from one up to 
lour or five further arrest-jioints, even in simple 
alloys containing two metals only. In studying 
such a ‘ binary ’ system of alloys, the aiTest- 
points on the coohng-curve of each alloy are 
generally plotted as points on a diagram in 
which the concentration of the alloy is used as 
abscissa and the temperatures as ordinates, the 
result being a temperature- concentration dia- 
gram. If properly completed in such a manner 
as to indicate all the conditions in which alloys 
of the two metals can exist in equilibrium at all 
possible temperatures and concentrations, this 
diagram is termed the ‘ equilibrium diagram ’ of 
the binary system in question. As a lulc, 
however, the mere plotting of observed arrest- 
points in the cooling- curves of a senes of alloys 
is not enough to allow such a diagram to be 
drawn, the evidence of the microscope and of 
other physical metliods being often requiied to 
allow of the ('orrect interpretation of the arrest- 
points observed. I'lie first and simplest line of 
such an equilibrium diagram is that known as 
the ‘ liquidus ’ ; this is the boundary of the 
region in which the alloys are coinjiletcly liquid ; 
immediately below the ‘ Iiquidiis ’ the alloys in 
general consist of a mixture of liquid with solid 
crystals, although in some casi's the range of 
toMipcraturo over which such a mixture occurs 
is very short — in pure bodies, consisting entirely 
of one chemical entity (pure element or pure 
compound) the whole process of solidification 
occurs at a single dehnitc temperature and no 
region of inixeil solid and liquid exists, n’he 
liquidus line «f the eiiuihbrium diagram can, as 
a rule, be drawn definitely from pyrometric 
observations alone, although exceptions occur 
in the case of jiairs of metals possessing cither 
limited miscibility in the liquid state or where 
the formation of a definite compound takes 
place slowly in the liquid metal. In other cases. 


distinguished, but only the most important can 
be mentioned here. The first and simplest 
type are those alloys in which the twm metals, 
when they have reached their final equilibrium 
in the solid state, retain the condition of intimate 
mixture in which they existed in the hquid state 
at a higher temperature. In the language of 
metallography, two such metals form an 
unbroken series of solid solutions. In their 
final condition such alloys resemble pure metals 
in bi'ing built up of an aggregate of crystals 
which arc all alike in (iomposition and ])ropcrtios. 
Jn tlie cooling and freezing process, however, 
the alloys of such a seriiis differ markedly from 
pun; metals in showing at times a very wide; 
range of tempera- 
ture over w Inch the 
freezing process is 
distributed. The 
equilibrium dia- 
gram of such a 
system of alloys is 
shown in Eig. 3, 
the line acb repre- 
sentmg the liquidus 
or line of commenc- 
ing freezing, and 
ASB representing 
the line of complete ElO. 3. 

solidification or ‘so- 
lidus.’ At temjieratures lying between these 
tw'o lines the alloys consist of a definite pio- 
portion of solid crystals in equilibrium with 
liquid alloy, but it is important fo notice that 
the compositions of the crystals and of the 
liquid in equilibrium with them are not identical. 

The oppo.site extreme to the type of alloys 
just described is found in thovse groups where 
the component metals are completely, or almost 
completely, immiscible in tllb solid state. A 
typical equilibrium diagram of this type is shown 
in Fig. 4, wliiwo the 
liqtiidus curve is 
represented by the 
lines ACB, forming 
a more or less deep 
V ; the addition of 
the metal a to the 
metal b lowers the 
temperature of mi-* 
tial freezing, and 
this lowering is coii- 
ti»iucd with increas- 
ing additions of b. 

Similarly successive Fia. 4. 

additions of a lower 

the initial freezing temperature of b until a con- 
centration is attained where the two branches 




small breaks of continuity in tlie liquidus curve 
cannot be definitely located b}' pyrometric 
observations (ftonc. 

The process of solidification which follow\s, 
ill any given alloy, ujioq^ the cotnmenccmcni of 
freezing at the temperature of the ‘ liquidus ’ j 
curve depends, in the first place, upon the ^ 
position of the alloy in the binary system to 
which it belongs and also upon the type w^hicli 
that syHtem follow's. The typo depends agg^in 
upon {lie maimer in which the two component 
metals undergo mutual mixture, solution, com- 
bination, or separation during freezing and 
melting. A large number of these typos can be 


of the liquidus curve meet at the point c, 
which represents fhe freezing-point of the most 
fusible alloy of the series. This alloy, both 
in the free state and when it occurs as a 
constituent of allo 3^8 of different composition, 
18 known as the ‘ eutectic ’ alloy of the series, 
or more briefly as ‘the eutectic ’ (Guthrie, 
riiil. Mag. 1884, [v.] 17, 462). 'J’his eutectic 
alloy shares wuth the pure metals and with pure 
inter-metal he compounds the property of under- 
going complete solidification at one temperature 
instead uf showing a ‘freezing range.’ The 
solidification of any alloy of intermediate com- 
position, such as that represented by the lino 
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PQ, may be described as follows: Avhen the 
cooling alloy reaches the temperature at which 
the linos pq and ac intersect, solid crystals 
begin to separate, but these are ci'ystals of the 
metal a. As a result of this separation, the 
residual liquid metal or ‘ mother liquor ’ becomes 
enriched in b ; the residual liquid is now, in 
fact, an alloy lying further to the right than the 
line PQ. As the temperature falls, the tempera- 
ture of initial freezing of this richer alloy is 
reached and a furthm- quantity of solid a is 
separated, again increasing the concentration of 
B in the liquid. This process is con^nued until 
th(« concentration of the ]ioint c, and its tempera- 
ture, an' simultaneously reached. At that point 
the residual liquid has the cornjiosition of the 
eutectic alloy and solidifies as such. The alloy 
thus bcc(jincs completely solid on reacliing the 
tcmpi'ralurc of tlie hue de, aa Inch is usually 
cabl'd the eiitecfie line — this line (ce) is, tbeie- 
fore, in tins case, the ‘ solidus ’ of th(' system, 
since it forms thc' boundary of the region of 
com])lete]y solid alloys. An alloy such as pq, 
at all tem[)cratures below that of de consists of 
an agglomeiati' of crystals of the metal a 
embedded in a matrix of the eutectic alloy; if 
tin; conqiosition of the alloy is such that the 
line PQ lies elosi' to a, then the crystals of a in 
the solid alloy will be large and numerous, and 
little eutectic will he pn'seni, while, as the 
point o is a])])roaeh('d, tlu' [inqiortion of euteetie 
mereases. (_)n tbe other siile of e, the alloys 
consist of ei ystals of b embedded m tbe euteetie, 
and these eiystals iiiciease in amount as we move 
from 0 to B. Actual exarujih's ol binary alloys 
strictly following this simple type are rare, if 
indeed they exist at all ; so far as at present known 
till* alloys of lead and antimony approximate 
closelv to this typi' (Antimony -Lead, Gautier, 
lleeheicbes siir la.fusibiliti'A des alliages metal- 
lic ik's, Hulh'tin dc la Soc. d’Eneouragement, 
Gold-Thallium, Levin, Zeitsch. anorg. 
(Jhem. 1905, 45, 81). The great majority tti 
alloys, however, belong to a type wdueh is inter- 
mediate between tlu' two extremes wdiieh have 
just been described; this intermediate typ(' 
consists of alloys in Avhich the two component 
metals are mutually soluble in the solid state 
to a limited extent. The tyyiieal equilibrium 
diagram ’of this class is givpn in Eig. 5 Thc 
liqmdus is very 
similar to that of 
type II., a eutecti^; 
yioint being again 
evident at c, but 
the euteetie line he 
no longer crosses 
tbe Avholc wddth of 
the diagram. Al- 
loys ^rom o and r 
and from h to g 
behave as regards 
solidification ex- 
Fig. 6. actly like alloys of 

type I., forming 
homogeneous crystalline aggregates which con- 
sist of only a single constituent. Alloys from f 
to G, however, behave like members of type II., 
but with the difference that the substance which 
commences to crystallise when these alloys reach 
the temperature of the line ao is not pure A, 
but a solid solution of b in a, or, if the alloy 



lies to the right of c, the crystals consist of a 
solid solution of a in b. 

A considerable number of further tyyies of 
binary series of alloys can bo distinguinhed, but 
it is not possible to deal with these fully here. 
The only other class wliich need be Hoentioned 
are those in which a definite intcr-motallic 
compound is formed. A typical equilibrium 
diagram of such a series is slnnvii in Fig. fi, 
where the liquidua 
curve acpdb shows 
a maximum (p) and 
two minima or eu- 
teetie points, 0 and 
j>. The oeeurrenee 
of a maxiiiiuin' in 
the curve of initial 
freezing, such as that 
ahowni at r, is a de- 
finite indieatnfn <<l‘ 
the existence of an 
interinetallic com- 
pound, although tluA Fig. fi. 

presence of such 

oompounds is not always shown in tins way. 
'I’lie simplest way of regarding an equilibrium 
diagiam of thc type sliown in Fig. fi, is to 
suppose it divided into two separate diagrams 
by the vertieal hue through p, the one half 
being thus a diagram ot tlie alloys of a with 
the compound metal p, and the other half 
rejiresenting the alloys of n with P. In the 
diagram as drawn, the lett-hand half then 
becomes a diagram of tyjie 11., while the right- 
hand half falls under type 111. It should be 
mentioned, however, that in actual alloys the 
formation of the compound p may not take 
place quite comjiletely, and the alloys may in 
reality contain some free b as well as a and p — 
the system thus becomes practically one of 
three components, to which reference is made 
below. 

Equilibrium diagrams frequently contain 
linos other than those forming parts of the 
‘ IiquidiiH ’ and ‘ solidus ’ curves ; these lines 
represent the occurrence of transformations or 
ehemieal reactions within the metal, frequently 
at temperatures well below those at whitE the 
alloys are completely solid. These changes are 
represented on thc cooling curves by beat 
evolutions or absorptions, which are sometimes 
so faint as to escape detection bywny but the 
most sensitive instruments, while in other cases 
they rival the freezing-point in intensity. These 
heat evolutions may represent either : 

(1) An allotropic change in a pure metal or 
111 the pure metal forming the basis of a solid 
solution or existing in the form of cr 3 ' 8 tal 8 in a 
eutectiferous alloy. 

(2) A polymorphic change in an inter- 
metallic compound. 

(3j A chemical reaction resulting in the 
formation or the docomiiosition of a compound 
or of a solid solution. 

Two or more of these changes may occur 
together. An example of such a change is 
indicated in an imaginary case by the line es in 
Fig. fi, which is supposed to represent the 
decdtaposition of the compound 8. It will be 
seen that the line extends over the whole range 
of composition in which the compound p can 
exist, either as free crystals or as a constituent 
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of the eutectics in which it occurs. Aa a rule, 
however, it is ditiieiill, and aomctiines impossible, 
to find any evidence* — either [lyrometric or 
otherwiao- for the oecurrence of Huch chaiigea 
in alloys whert* the compound in question 
exists on,’y as a constituent of a eutectic ; the 
lino of transformation is therefore shown as a 
full line only between the ])omta it and s, where 
the compound exists in the form of primary 
crystals, and as a dotted line over the rest of 
the rang!* of its eKistence. The interpretation 
of such a line of arrcst-pouiis in an equilibrium 
diagram will, as a rule, ho baaed jirincipally 
upon microscopic evidenci*, and t-his also a])jihes 
to several ob.the other facta tacitly imph(‘d in 
such a diagram as that ot l^hg. (i ; but betore 
passing on to consider the microsco])ic study ol 
alloys, certain other linea of pyronu'tric evidence 
must be mentioned. 

'riu* most important of those lA the determina- 
tion of the (*nd-i)oints nt a sm-ies of arrcstqioints, 
ami of the |)oint of maximum intensity of such 
a senes, 'i’he first of th(*so is iin])ortant lor 
fixing the position of such iiomts as n and E in 
l^'ig. 5, and o. K, and t, in Fig. 6. Points o. 
E, If. and E serve to fix the limits of solid sohihildy 
of the metals and compounds iii one another, 
while the [mint o assists in determining tin* 
exact composition ol the eoiiipoimd i\ since tin* 
maximum in tin* Inpiidus curve is not always 
very shaiply marked. Probably the besf. 
method of determining the end-pnint of such a 
scries of arrests consists in observing, hy nii'aiis 
of the most dolicati*. pyromctric apparatus 
available, large samples of the alloys cooling at 
a slow rate, but it is also neci'ssaiy m such eases 
to secure the complete equilibrium ot the alloy 
at a temperature just above that of the arrest 
to be observed. For this purpose it is necessary, 
in SOUK' eases, to maintain the 8])ccimcns of alloy 
at a definite, more or less high, tenqierature for 
prolonged periods sometimes up to seveial 
^eeks — and ilien to take the observations of 
cooling without having allowed the specimens to 
cool down intermediately (Uosoiihain and Arch- 
hiitt, Alurninium-Ziiic Alloys, Phil. Trans. PJIJ, 
A, 21 1 ). The exact end iioint found, liowever, will 
always he a little short of the true emi-pomt. For 
this reason a method of extra] lolal ion is often 
employed. If the quantities of heat evolved 
at such a series of arrest-points were measured, 
the moasurtuneiits being reduced to (juantities 
of heat per gramme of alloy, then a curve could 
be plotted with eoneentratiou as abseissie and 
quantities of heat evolved as orduinteH. i’ro- 
vided tliat the measurements were strictly 


or of the area of the peak of the inverse-rate 
cooling curves is usually employed, and it has 
been shown that this is only a rough approxima- 
tion ; the variation of sjiecific heat with eoii- 
centration of the alloys also affects the shajie ot 
these intensity curves, so that very great care 
is required in employing this method, which has 
more than once led to erroneous results (W. 
Rosenhain, 'J'he Metallographic Investigation of 
Alloys, .lourn. Tnst, Metals, 1909, i. 200 ; Obser- 
vations on Reealesecnee Curves, Proc. Phys. 
Soc. London, 1908, 21, 180; Rosenhain and 
Tucker, Lead-Tin Alloys, Phil. 9’rans. 1908, A, 
89 ; Rosenhain and Andihiitt, Aliimmiiiin-Zmc 
.'\lloys, Phil. Trans. 1911, A, 211). 

; The above aeeount of the pyronietric study 
j of alloys and its diagranimatie representation 
I has so far dealt only with alloy*' consisting of 
I t,wo ooniponent metals ; in ])raotiee, however, 
j alloys frequently contain three or more metals. 

I Unfortunately tlie ilifficnlty of making a 
J eonijilete metallographic study of a system of 
j alloys in<-r<‘ases very ra])idly with the number 
I oi eoui])onent metals; lor htty determinations 
j reiiuired for the (‘lueidation of a binary system 
j ol alloys, 1250 would lie rei] Hired for a system of 
thr('(* metals, while no attempt at the complete 
systeniatie study ol a ((uateriiai y system (of 
four metals) has y<‘t bec'ii made, but for com*- 
spoiidmg eomjileteiiess over 30.000 detenuma- 
tiuiis would be needi*(i In the case of a ternary 
system (of thiee metal.;) it is still jiossibk' to 
enijiloy grajilm; rejire.sentatioii. The coneentra- 
tions of ‘a .system of ternary alloys may ho 
plotted in the form of an equilateral triangle, 
each comer repn^seiiting one of the ])iire com- 
])onent inetal.s ; each side of the triangle then 
repre.seiits one of the three limiting binary 
.sy.steins, while the po.sition of any ])ouit within 
tile triangle rejiresents the .composition of an 
alloy ot a ternary .system, on the ])rmciple of tri- 
Imear co-ordinates. Upon this equilateral tri- 
angle as a ba.se, the ‘ equilibrium diagram ’ can 
he erected as a tlircivdimonsional model, ordi- 
nates re])resenting temperature being erected 
I ujxm each point of the area of the triangle. A 
ft'w such equilibrium models ot ternary systems 
have been more or loss completely determined 
(Lead-l’in- Bismuth, G. (ffiarpy, Oompt. rend. 
189S, 126, 1569 ; hj. S. Shepherd, J. Pliys. Uhein. 
1902, 6, 519 ; Lead - Cadmium - Mercury, E. 
Janecke, Zeitseh. ])hysikal Chem. 1901, GO, 399 ; 
Mo'gnt'sium - Lead - 1’in, A von Vegesack, 
Zeitseh. anorg. Chom. 1901, .54, 367 ; Aluininium- 
i Copper Manganese, Rosenhain and Lantsberry, 
, Nintli Report to the Alloys Research Corn- 


accurate, such a curve would simply bo a straight 
line running from the conecntration at which 
the heat-evolution was largest down to the two 
end-points of the series ; even if not observed 
very close tb these end-points, the line could be 
continued until it cut the axis, and this inter- 
section "wmiild indicate the true end-jioint of the 
heat-evolutions. In practice this method is 
frequently applied, especially by f'ammann and 
his school (I’ammann, Zeit.sch. anorg. C!hcm. 
P.X)3, 37, 303), both for the determination of 
end-points and of maxima of heat-evolutions ; 
but unfortunately it is not possible to make the 
measurements of the quantities of heat evolved 
with any great degree of accuracy. The 
determination of the duration of the arrest itself 


luittee, Broc. Imst. Mech. Eng. 1910), but the 
held is still largely unexplored. It is interesting 
to note, however, tliat very few tri-metallie 
compounds hg,vfc yet been discovered 

The microscopic study of metals is always 
carried nut by looking at suitably prepared 
surfaces illuminated by reflected light ; the thin 
sections employed in petrography cannot be 
; used in the case of metals, as these are too 
I opaque for such a purpose. The preparation of 
! a suitable surface for examination by reflected 
I light consists in three distinct processes, viz. the 
I cutting and grinding of a small flat area, the 
1 fine-pohshing of this surface in order to remove 
pliysical irregularities, and the treatment of this 
; polished surface in suoh a manner as to indicate 
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tlie nature of tlie structure of the metal bonooth. 1 1 
'Phe cMittnig and grinding jmicess, in the lirst | < 
])lac(‘, consists in prejiaring an art'fl, as iieaily i: 
flat as ])ossil)lc. winch may range in size from a j 
few s([iian‘ mdlimetres to several sejuan^ centi- < 
midres but the difficulty of the subsequent ; 
operations increases rapidly with the area to be ' 
treated, so that it is pieferablo to examine ^ 
several small specimens rather than one very 
largt* one. Phe initial rough cutting and 
grinding is followed by some jiroce.ss of line 
grinding, generally by the usi; of eari'fully 
gradcil abrasives, each stage reducing the depth 
of the scratches lett on the surface. 

'Pile grinding ojieration is followed by that 
of iino-jiolishirig. d’hc [uirpose of this jirocess 
differs e.ssentially from that of the ordinary 
polishing piocoss, the object of which is solely 
the jiroduction of the most brilliant suiface ; in 
most ordinary polishing processes this is largely 
accomplished by a species of ‘buinishmg’ 
action, in which tlii'ro is much suifacii flow of 
till! jiK'tal, the jireviously evistmg scratches 
being largely ‘ smeared over ’ and lilled up. For 
UK'tallttgraiiliic. jiurjiosi's this action should be 
avoided as lar as |»ossible, sinei' scrat-ehes or 
holes thus hidden immediately become coii- 
spicuous under subseijiicnt triMtinmit (etching). 

It follows that lor this work th(‘ entire processes 
of cutting, minding, and jiolishing, should lie 
conducted as gently as jiossibk*, jiarticularly in 
the ease of tl\^ softer metals, Eor jiolishing 
jiurposcs a mateiial which acts as an exceedingly 
hno abrasive is indeed more jireferable to one 
which, though more rapid m action, tends to 
cause How. The [lolishing materials most 
widely used consist ot the oxides of such metals 
as aluminium, magnesium, and iron, alumina 
being probably the best. 

A perfectly po[ish(!d metallic specimen shows, 
under the microsco|jc, a foatui'closs surface, 
winch will apjiear cither uniformly brjght 
or uniformly dark, according as the lij4ht 
falling upon it is or is not letlectod into the 
objective of the microscope, in order to obtain 
a sectional view of tht; structure of the metal it 
is necessai v to cnijiloy some method of ‘ etching.’ 
As a rule, this consists in exposing the sjieciraen 
to the action of some reagent,, such as ar weak 
acid, which gradually dissolves the metal. It 
is found that this solution does not take jilaee 
uniformly over the surface ot the metal, and that, 
ill tact, it differentiates clearly and eonsistenijy 
the various eonstituents ot metals and alloys. 
In the case of pure metals and of certain alloys 
which consist of a single constituent or phase, 
the etching agent cannot, of course, act by 
differentiating two or more distinct constituents ; 
but m that case a differentiation occurs between 
the different crystals of the »aino constituent, 
the rate of attack being ajijiarefitly dependent 
upon the orientation of the particular section of 
the crystal exposed to the solvent. Such a 
‘ homogeneous ’ metal consists, in fact, of an 
aggregate of minute crystals which have grown 
together in such a manner that the boundary of 
each crystal is determined not by the natural 
symmetrical surfaces commonly associated with 
tiie term ‘crystal,’ but by the surfaces of 
mutual interference of adjacent crystals — each 
crystal has grown until checked by meeting its 
neighbour. In section such a structure exhibits 


a network of roughly polygonal areas, and tlie 
etching reagents em])loyed in metallography 
attack the.se various area.s at different rate.s, thus 
prodneing both difterenees of level and varii'tie.s 
ut sui-faee texture which readily reveal the 
arraiigoment of the constituent crystajjj. In the 
case of alloys possessing a duplex or more 
complex structure, although each of the con- 
stituents is still built up of such aggregated 
crystals, the differences of solubility Iwdween 
the various constituents are very much greater 
than lho.se between adjacent crystals of the 
same constituent. (Consequently the resulting 
.surfac(* pattern generally sliows all those »reas 
which nqircsciit sections ol crystaj^ of one of the 
constitmuils as coinjiaratively deeply etched or 
eioded, wliih; those corresjiondmg to the other 
constituent rmnam jiractically untouched. In 
duplex alloys, therclore, etidiing reveals the 
distribution o? the constituents rather lhaii the 
ciystal structure of any of them. 

'I’lie specimens of metal thus prejiared can bo 
('xammed by moans of almost any good ordinary 
miiToscopc if it is provided with certain special 
accessories, but for the greatest convenionco and 
i for moi(‘ relined purposes it is desirable to employ 
one or other of the sjiecially designed ’ luetallur- 
gieai ’ microscopes. 'I'wo general types of sucli 
lustriimeiiis have Ix'cn evolved for this special 
purpose. In the one type, which is generally 
used by British workers, the ordinary arrange- 
ment ol the microscope is adhered to, but the 
stage IS provided witli a focussing movement, 
while the body- tube is provided with one of the 
devices known as ‘ vertical dluminaturs.’ In 
the most highly specialised instrument of this 
kind (Rosonhain, On an Improved Form of 
Metallurgical Microscope, Journ. R. Microscojiical 
Soc. IffOO) the body-tube is entirely fixed to the 
limb and all the focussing, both coarse and fine, 
is done by movements of the stage ; further, 
the illuniinating arrangements are made integral 
with the main tube of the instrument, while in 
other mierosoopos they are removable and arc 
only screwed on at the lower end of the tube. 
The function of the ‘ vertical illuminator ’ is 
simply that of sending a beam of light down the 
tube of the microscope in such a way as to fall 
upon the back lens of the objective, and then, 
aft(‘r being concentrated by the objective, to 
fall upon the specimen and to illuminate the 
jiortion of the surface which is u»der examina- 
tion. Such a vertical illuminator consists 
essentially of a reflector, which may be a thin 
disc of glass or an opaque reflector or a totally 
reflecting prism so placed as to cover one-half or 
less than one-half of the aperture of the objective. 
The path of the light-rays in both cast's is shown 
diagraminatically in Kig. 7. It will be seen that 
under this mode of illummation the light falls 
upon the surface of the sjiocimen^n a direction 
more or less parallel to the optical axis of the 
microscope, and as this is sometimes placed 
vertically, this mode of illumination has received 
the name of ‘ vortical illumination,’ although 
‘ normal illumination ’ is a more rational term, 
since the light remains normal to the surface of 
the specimen whatever the position of the 
miffroscojic. Under this mode of illummation it 
is evident that flat, bright surfaces will appear 
light, while sloping surfaces, or areas rendered 
rough so as to scatter the light which falls upon 
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them, will appear dark— since the light reflected 
from such regions will be more or less completely 



Fig. 7. 


thrown ouiNule the aperture of the objective of 
the microHcope. With lenses of moderate 
power, winch leave a ciirtain anlount of spac'e 
between the lens and the specimen, the surface 
under examination may be illuminated directly 
by a beam of light falling obliquely upon the 
surface of the B])ecimen, in tlie manner indicated 
in Fig. 8. With such lighting, plane poh.shed 
I surfaces will apjuiar dark, while 

those with a suitable slope and 
those roughened so as to scatter 
the incident light, will appear 
A moic or less bright; the conse- 
//'/ quimce is that in many respects 
A/ the imago as seen by ‘oblique ' 

// illumination ’ bears to thal seen | 

/ by ‘ normal illumination ’ a re- j 

lationship like that of a jihoto- 
^ graphic negative to its positive. I 

Fig. 8. Oblique illumination, however, I 
is much more searching, par- 
ticularly as regards minute holes and scratches, 
while it also tends to reveal tlie natural colours 
of the various (umstituents much more definitely 
than normal bght. On the other hand, its 
application is generally limited to magnifica- 
tions not much greater than 200 diameters, 
while normal illumination is readily employed 
with the highest powers of the microscope. 

The use of the vertical illuminator, whether 
as a permanent or a more or less temporary 
attachment to the microscope, entails a special 
arrangement of the source of light. Whether 
this be an ordinary lamp or some more or less 
elaborate optical system, it must be so placed 
that the light coming from it enters the aperture 
of the illuminator at the desired angle. This 
requires a definite relative position of the source 
of light and the illuminator itself. In any 
ordinary microscope where focussing is done by 
moving the tube of the instrument, the position 
of the illuminator will vary with every adjust- 
ment of the focus, and this would entail corre- 
sponding re-'itdjustmcnt of the source of light, 
liy using a focussing stage and leaving the 
body -tube with the illuminator attached to it 
in a fixed position, this difficulty is overcome, and 
this arrangement is the essential feature of the 
majority of metallurgical microscopes. For 
certain purposes, of course, special provision for 
taking large and heavy specimens, for complete 
rotation of the specimens, and for other special 
requirements is desirable and can be obtained. 

The second type of metallurgical microscope 
originated with H. le Chatelier (Le Chatelier, 


^tude des AUiages, 1901, 421), and its use is 
widely extended in France and Germany. The 
ob.servation tube of this instrument is horizontal, 
and directly in line with a tube carrying condens- 
ing lenses through which light from a suitable 
source is concentrated upon the specimen. The 
stage of this instrument is a table provided with 
a small hole, and the specimen is placed over 
this hole, polished face downwards. The 
objective of the microscope faces upwards 
towards the specimen, and the incoming bght 
.is well as the ia 3'^8 forming the imago are turned 
oir at right angles by means of two totally 
redecting ])ristns. In its most recent forms this 
Instrument pt'esi'iits many ])oints of great eon 
vcniencc, but it also possessi's ecriain very 
marked limitations and disadvantages from wbieb 
the more ordinary typi' of mier^seope is free. 

The observations of the structures of metals 
ami alloys made by sudi microscopes arc' leadily 
recorded by means of |)hotograpby. If the 
beam of light employial for illuminatiug the 
specimens is made sulbciciitly powerful, ami 
jiarticularly if the ordinary eyepiece ol tlic: 
microscope is rejilaced by out* ul the well-known 
‘ jirojection eyepieces’ now available, the 
imago of the surface under exuinination can be 
])rojected upon a screen, and this imago can 
be mode large enough and bright enough to be 
visible even to an audience of moderate size. 
Instead of projecting the image upon a large 
screen it can equally well be focussed upon the 
ground glass of a suitably placed camera, and 
there photographed in the ordinary manner. 
'Fhe manipulation requires some experience and 
skill, jiartieularly when very high magnifications 
are attempted, but in principle it does not 
fhffcr materially from onhnary photograpliy, 
except tliat the microscope with its system of 
lenses is used in ])lace of tlu! ordinary camera 
lens. 

The typical micro-structures met with in 
metals and alloys may now bo briefly considered. 
We have already indicated that a pure metal is 
an aggregate of minute crystals whose Boctions, 
in the form of irregular, more or less polygonal 
areas, are revealed by otcinng a jiolishod 
surface. In such metals as cast lead or tin the 
crystals are often very large, and can be seen 
without the aid of the microscope, but in iron 
and copper they are usually very small and 
require magnifications ranging from 100 to 400 
diameters to be readily observed. tSeen under' 
normal illumination, the crystals of iron appear 
as illustrated in Fig, 9, Plate 1. ; the same field 
of view seen under oblique light is shown in 
Fig. 10, Plate 1. The appearance there seen 
arises from the fact that the etched surface of 
J each crystal is covered with a number of minute 
facets all similarly oriented over the whole area 
of the same ci:‘y8tal, hut differing in orientation 
1 from one crystal to the next. Oblique light fall- 
j mg on a surface thus constituted picks out those 
1 areas w'hcre the facets are so placed as to reflect 
the light into the microscope, and these areas 
accordingly appear bright, while others, situated 
unfavourabl^s appear more or less dark. A 
rotation of the specimen on the stage of the 
microscope alters these relative positions, and 
different crystals appear bright in turn. 

The description of the typical structure of a 
pure metal which has just been given applies 
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equally to the structure of thoSe alleys which tuent l&etwccn the crystals of a becomes evident, 
consist either entirely of a definite inter- and as the concentration of b increases the 
metallic compound in a state of purity, or proportion of this dark-etching constituent (the 
of a homogeneous ‘solid solution.’ The term eutectic) increases, while the crystals of a become 
‘ solid solution ’ — sometimes called ‘ mixed mere islands. Ultimately, as the concentration 
crystals ’ — implies a state of mutual admixture of the point o is reached these islands of a 
or solution existing in the solid state which disappearentirely, and the whole field is occupied 
is as intimate as the condition of liquid by the eutectic. An example of such a cutocti- 
solutions; probably the best interjiretation ferous alloy lying midway between the purt' 
of the concetition is to regard the crystals of metal and the pure eutectic is shown m Fig. Kl, 
a solid solution as being built up of molecules Plate I., while the typical structure of a pure 
of both the solvent and the .solute indi.scrimi- eutectic is shown, under much higher magnifica- 
natoly. Where the two metals are completely tion, in Fig. 14, Plate 1. It will be seen that the 
iHoniorphoiis, these (unnpoHite crystals may be ‘ dark etching ’ eutec’tic is not uniformly etched, 
built lip of two hinds of molecules indiscrimi- but itself exhibits a fluplex stnifture, which is 
mitelv in any propoition, and we then have a frequently found in these bodies, although it 
si'i'ics of alloys consisting of solid solutions only ; is not one of their essential characters. The 
in other cases the number of moleculea of the eutectic, as it- crystallises from the residual 
Holu(('- which can be incorporated in th(‘ crystals mother-liquor along the eutectic lines, such as 

ol th(‘ solvent is limited, and in that casi* t-here dk. Fig. 4, is really the product of the simid- 

is a limit to the ‘solid solubility’ of the two taneous ci ystallisation of both the constituents, 
Mutals. While the final condition of a solid and wc thus generally find it with a laminated 
solution IS thus simply that of an aggri'gate ol structure consisting of alternating layers of the 
homogeneous crystals resembhny in a])]»('arance two constituents. It was formerly thought 
and i-hara.cter the structure of a pure metal, that thesi* wutc simjily miinite independent 
this final condition is not at once arrived at crystals deposited side by side, but later 

during the solidilication of such an alloy. The nsseareb has shown that most eutectics crystal- 

(icntral part of each individual cry.stal of such lisc in the form of the predominating constituent, 
a solid solution whim first formed contains the eiystals of the one metal being forced into 
considerably less of the solute than the liquid ! the interstices of the other, the whole arraiige- 
allov from which it is Ixaug flcposited, and as ment frequently adopting the splierulitic form 
solidification proceeds this core of relatively (Rosenham and Tucker, Lead-Tin Alloys, Phil, 
dilute solid solution is surrounded by succcssivi' 1’rans. 1908, A, 80). 

laycis ol more and more concentrated solid The great majority of alhiys exhibit in their 
solution. Ideally the concentrations of these micro-structures varieties of the three ty])es 
layers should be continually eqiuilised by illustrated and described above, but in a certain 
diffusion of the solute from the more eoncen- nurnberof cases special structures are met with, 
trated to the less concentrated regions, but this is In the course of metallograjihic investigations 
a slow process, and generally remains incomplete it is frequently necessary to adopt special 
during the ordinary cooling of an alloy irora methods for determining the exact temperature 
fusion. Samples of alloys consisting of a single at which the solichfication of a given alloy is 
solid solution when taken from castings which completed. For various reasons it has been 
have not been subjected to prolonged annealing, found that the best available method of making 
therefore always show traces of the original this determination is by a process of quenching 
‘cores’ within the polyhedral eiystals. An small pieces of the alloy from a series of suitably 
oxainplo of this kind in the case of cast brass is chosen temiieraturt's. Ry the micro-structure 
shown in Fig. 11, Plato 1. When this alloy has of the quenched specimen it is then possible to 
been reheated and subjected to such a ])roces8 as determine whether t he alloy contained any 
rolling into bars or I'ods, these ‘ cores ’ arc liquid at the moment of quenching. The 
obliterated, and a homogeneous polyhedral rationale of this process lies in the fact that 
structure is then found, sucm as that illustrated while that part of the alloy which was solid at 
ill Fig. 12, Idate I. the instant of quenching had solidified slowly, 

We may now consider the micro -structiye and had, therefore, been allowed to form 
of such an alloy as that rejiresentcd by the line relatively large crystals, any liquid metal present 
PQ in Fig. 4. in accordance with the nature of when the .specimen was suddenly cooled would 
the freezing process of such an alloy, which has be forced to solidify very rapidly and would, 
already been described, the microscope shows therefore, form extremely minute eiystals. 
that it consists of two very distinct constituents ; Thus in a series of specimens quenched from 
as a rule one of these, which represents the crys- successively higher temperatures, it is found that 
tals of the pure metal a, retnains practically the resulting specimens show the ordinary 
unaffected by the etching reagent, while the typical and comparatively largc-^ale structure 
other, which represents the eutectic, is more or of the alloy until the quenching temperature 
less eroded and darkened. The relation between exceeds a certain limit, but that beyond that 
the two constituents is readily followed if a point small areas of very minute crystals are 
series of alloys are considered, commencing wdth found. It may then be concluded that the 
one very rich in a and gradually increasing the j limiting temperature in question is that of the 
concentration of b. At first the micro-structure final solidification of the alloy. The first traces 
closely resembles that of a pure metal, but the j of ‘ liquid * in such specimens appear as minute 
boundaries between adjacent crystals arc seen j dofti or ‘ fusion .spots,’ but with slightly liigher 
to be thicker than the fine lines observed in pure j temperatures the original solid crystals of the al- 
metaLs. With a very slightlv higher concentra- | loy are seen to be embedded in a matrix which had 
jtion of B the presence of a dark-etching consti- obviously been fluid at the moment of quenching. 
yoL IV.— T. u 
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When Biich a, quenching process is em- 
ployed for locating one of the linos of an cquili- 
brium diagram, it is of great iinj)ortanee that the 
exact temperature of the spec imcji at the moimmi 
of quenching should be aeuiratcly known, and 
that the 'miall H])ccimens should' })o protected 
from oxidatiod as far ns jiossible during the 
progress of the exjierimcnt in order to avoid 
changes of composition and structure. In all 
earlKsr investigations quenching was earned out 
by heating the sjiecimcns in a small furnace, and 
when thedesiiod tcmjieraturc had been attaiiK'd, 
withdrawing them by nii'ans of a rod or wire and 
quickly throwing them into water or other 
quenching ilikd. Mon* recently an a])])aratus 
has been devised (Rosenhain, The Metallurgie.al 
and Chemical Jjaboratones in the National 


in the worked materials, such as sheet or wire, com- 
plete homogeneity is attained, the resulting struc- 
turi' being very similar to that of brass (.'?ee P'ig. 
12, I’lato 1.), but usually on a more minute scale. 



Physical Laboratory, Journ. lion and Steel Just. 
RIdH, 1.) in which tlie specimen is healed 
electrically while contained in an exhausted tube 
made of fused silica ; when tlKMlesired tempera- 
ture has been readied, water is admitted into 
this exhausted tube through a wide-boie tap, I 
and the powerful stream of water, dnvmi by the I 
pressure of the atmosplu'ie, qm^nehes the ! 
specimen, and c-arries it out of the furnace wuth | 
it : the quenching is thus earned out very j 
rapidly at an accurately known temperature, ' 
and without any exjiosure to the atmosphere. 
Apart from the processes of sobdilieation, a ; 
great many metals and alloys uiuhTgo transfor- ! 
matioiis w'hidi are frequently aeeompanied by 
thermal phenomena shown on'tbe eoolmg-curves, i 
and, as a rule, these transfoimations are aeeom- 
pained by more or less striking changes in mioro- 
struetiires. In the easi' of jiure metals these 
ehanges oiicuiring at ti’iniKuaturea below that 
of solidification arc generally regarded as being 
‘ allotfopic ' ; in the case of alloys, however, 
these transformations or ‘ inversion's ’ may arise 
from a variety of causes, such as tlu' fotination ' 
or d(‘eomposition of a compound, 'an allotrojiic 
change in one of the components resulting in the , 
rejection of the othei eomjionent from solid ' 
solution, or the rejection from solid solution of i 
a phase the limit of solubility of which lias been I 
reached owing to a variation of solid solubility 
with temjieratiiro. 'typical examples of these ; 
and similar changes are met with in such systems j 
of alloys as iron-carbon, copper-tin, copper-zinc, 
eupper-aluminium, alummium-zinc, and others, ; 
and some of tnese will lx* referred to in connection : 
with the oqiulibrnim diagrams of these systems. 

The equilibrium diagram,! and general ' 
metallography of some of the more im2)ortant ! 
alloys will now be briefly deseribcd. Among ^ 
alloys forming iininterru])ted senes of solid ' 
solutions (tj^pe 1. above) jierhaps I be most , 
important arc the iron manganese and the i 


Em. 15. 

A eliaraeti'i'istie (‘\ainple of iniotber type of 
e(|Uilibrnnn diagram is that of tlie alloys of lead 
and tin, which are important on account of their 
use as solder, pewlcr, &c., and also hei auso they 
foi'in the basis of iiiqiortant ternary and iiuater- 
naiy alloys sneb ns certain a nt-i -friction alloys 
and ty]»e-metal. iia* diagram given in h''ig, I(i 
(Rosenhain and 'ruekiir, Lead-'l'in Alloys, Jdnl. 
'Ti alls. 1008, A, 80) .shows thi' typical V-,sba])C(l 
li(pii(iuH witli a long eutectic line running up to. 
or \ciy neaily iqi to, the fin end of the senes, but 
htojiping some little distance (at about IS p.e, of 
tin) fiom the lead end. li’ornKuly the line was 
suppost'd to iim u]) to the lead eml also, hut this 
was an error arising from the fact that these 
alloys take uji their equilibrium condition very 
.slowly, so that allots cooled from fusion in the 
ordinary way show' eutectic juactieally ipi to the 
k'adend ; this, however, disa]i])ears on prolonged 
heating of the alloys at a temiteralurii near 170“. 
Below the solidus thisdiagiam show's a brie indi- 
eating an inversion occurring ui the alloys from 
18 to 03 [i.c. of tin at a tenijicruture of 150“, but 
witli low'cr tin-eontents the temperature at which 
tills change oeciirs falls rajiidly. and the inversion 
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'aniiot be traced at all at concentrations of less 


eopper-nickc) scries, whilst iron-niekcl and copper- 
manganese probably also belong to this type, 
'fhe equilibrium diagram of the co])per-nickel 
series is given in Fig. 16, these alloys being 
important on account of their electrical uses 
(resistance alloys) and also as forming the basis 
of such industrially important metals as ‘ Nickel 
ailvcr ’ and Monel metal. Cujiro-nickol is also 
very extensively used in the jiroductioix of 
rifle-bullet envelopes. The diagram is of the 
simplest type, and the micro-structures met 
with in the alloys are correspondingly simple — in 
fihe oast alloys some core-formation is visible, but 


' than 8 p.c. of tin. This inversion is accompanied 
’ by a partial rejection of the tin from sobd solu- 
! tion, and involves a change of density. 

I As typical of a comiiaratively simple system 
exhibiting a maximum in the liquidus corre- 
1 spending to a definite compound, the alloys of 
■ silicon and magnesium may be taken (Vijgel, 
i Zeitsch. anorg. (L'hem. 1901), 61, 46-53). These 
i alloys are of some imiiortanco in the case of 
I certain aluminium alloys in which both silicon 
I and magnesium are present. The oonstitu- 
I tional diagram of these alloys, as far as it is at 
1 present known, is given in Fig. 17. The liquidus 
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has four ])raiiclips: Si-I. rorrcHpomling to tlip 
rornmoiioonient of the deposition of silicon eon- 
taiiiing hut little niagnesmni in solid solution, 
I.-IL and 11.- 111. both corresponding to the 
deposition of crystals of the compound Mg.jSi, 
and Ilf. -Mg corresponding to the commonce- 



ineiit ot (.rystallisat'oii of niagnesnim containing 
oidy a small amount of silicon in solid solution. 
The diagram further shows the existence of two 
distinct and wcll-delined cutcctics, one couipo.sed 
of silicon and the comjiound MgoSi, and the 
other of magnesium and the com])oilnd. 'Hie 
diagram as drawn dot's not induaitti the solubility 
of any ot the three 2 >hases in tme another, ])ut 
it IS very jirohahlc that when the system has been 
more fully studied, distinct ranges of solubility, 
resulting in the lormation of solid .solutions, wull 
be found. In sueh a system t be miero-structures 
of the alh>}s (!orrcsi)ond vt-ry clearly with the 
indications ot the diagram. 'J'hus the alloys 
corresponding to the branch Mg III, ol the 
liquidus {?how crystals of magnesium embedded 
in the Mg- MgoSi euteetic ; those corresjiond- 
ing to the branch 111. -11. show crystals of 
Mg,,8i embedded in the same eutectic, an4 
correspondingly for tlu' two remaining branches. 
Alloys of the exact composition of the comjiound 
MgjSi or, at least, ^'xact within tlui limits of 
solid solubility which may exist, exhibit the 
structure of a simple homogeneous cry.stallino 
aggregate. In this connection it is, however, 
interesting to note tliat intef-rgetallic com- 
pounds such as the body Mg.^Si are almost 
always exceedingly brittle bodies, even when 
their constituent metals are soft and ductile, 
(lompounds of eopper with such metals as tin 
and aluminium form striking examples of this 
fact. It foUowH that in those binary alloys 
where a definite interraetallic compound is 
formed, over a considerable range of coin position 
on either side of this compound the alloys are 
usually BO brittle that they cannot be used for 
any technical piirjiose ; this removes the greater 
part of the ranges of most binary systems from 


all practical usefulness, and in fact ii is found 
that industrially useful alloys rarely ‘ contain 
much more than lb p.c. of siibstance.s olln'r lhan 
the 2 »redominating metal. The only real I'xccp- 
tions to this rule are to be found in the alloys of 
zinc with such metals as copper and akiminium ; 
ajuiarently the addition of zinc can bo iiiished 
much further without jiroducing serious brittle- 
ness than is the case with any other metal, and 
industrially useful alloys containing over 40 p.e. 
of zinc are well known. 4'he alloys of lead and 
tin furnish aiiothi'i* example, hut in their case 
practical utility d(»es not d(q)end upon mechanical 
strength : similarly in certain anti-friction or 
hearing metals large })ro 2 )oriions*of added ele- 
ments ari' sometimes einjiloycd, hut these alloys 
are, intemled to meet sju-cial requirements and a 
consKlerahle degree of hrdlleness is permissible. 

Troliably the most widi'ly used of all non- 
tciious alloys are those of copper and zinc, which 
iiu ludi; the whole series of ' brasses,’ althougl) in 
many indu.strial varieties ot brass other metals 
besides cojiper and zinc are met with in varying 
[U'oportions. It should ]>erha])s he montioned 
hen' that ii c(msid<'nihlc degree of eonlusion has 
arisen in eoniieetion with the terms ‘ brass ’ and 
‘bronze’ wliieli have Ix'cn used viuy loosely 
or oven iiidiscriminatoly. 'ITio matter lias, 
however, been dealt witli by a Nomenclature 
(’ommittee of the Institute of Metals, in whoso 
Report (dourn, Inst, Metals, 1914, i. 45-55) 
these terms liav<', been authoritatively defined. 

‘ Rrass,’ used alone, denotes an alloy of zinc and 
cojqier in which copper preponderates ; ‘ bronze ’ 
simila.ily denotes an alloy of tin and coiqiir in 
which copper prejionderatos, while the presence 
of a third metal in the alloy is to ho indicated by 
, a prefix such as ‘ tin-brass ’ or ‘ jiliosiihor-bronzc.’ 

: The equilibrium diagram of the zinc-copj)er 

alloys, as worked out by Sh('})herd (Gopper-Zino 
Alloys, E. S. Shepherd, d. ITiys, (Tieni. 1904, 8, 
421), and modilied m accordance with ilie 



work of Garpenter and Edwards (Goiijier-Ziiic 
Alloys, H. G. H. Gar^ienter and G. A. Edwards, 
dourn. Inst. Metals, v. 1911), is given m Eig. 18. 
In this diagram each of the six (rteok letters 
indicates a definite phase ; according to Shep- 
herd these are all solid solutions, but it appears 
jirobable that each of these solid solutions owes 
its separate existence to some definite compound 
associated with it- there is some evidence for 
the existence of the two comjionnds GujZn and 
GujZua. It will not be necessary to discuss the 
whole of this diagram in detail, since the indus- 
trially important alloys consist either of pure 
a, or a mixture of a and and in special cases of 
either pure ^ or of j8 with a little y ; in accordance 
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with what has been stated above in general 
terms, the /3 phase is decidedly liarder and | 
stronger, but also much more brittle than the 
a phase, while the y phase is very brittle, and 
at the same time weaker than the ft body. As 
indicate(^,by the diagram, alloys containing up to 
37 p.c. of zinc, when solidified and in equilibrium, 
consist of tlie pure a phase ; this is a ductile 
body whose characteristics closely resemble those 
of copper itsell, but with increasing zinc-content 
the strength increases while tlie ductility di- 
minishes slightly, d’ho niicro-stmcture of these 
alloys closely rcscriibles that of eo])])(T ; in the 
cast state they consist of the usual aggregate of 
roughly jiolygonal crystals, similar to those 
illustrated in J'’ig. 11, Plate J. ; as these alloys, 
however, consist of solid solutions of considerable 
concentration, they show a stiong tendency 
towards the formation ol dendritic ‘lores," as 
described above. Jn biass as ordinarily cast 
this structure is very ])roininent, and tmids to 
obliterate the ordinary jiolygonal structuie so 
far as to suggest to the obsiu’vcr, at first siyht, 
that he is ilealing with a truly duple.x alloy 
Annealing, however, entirely removes this 
appearance from the micro-structure, and leaves 
the alloys perfectly liomogencous ; il the 
annealing has been accompanieil by or assoi latcd 
with mechanical work, the disa.]>pearanc(‘ ol the 
‘cores’ is accompanied b\ the formation of 
numberless ‘ twi lined ' crv^tals winch indic.iti' 
their presence on the micro-sections by iJic 
apiiearancc of crystals witli rcctilmear cdgi's and 
crossed, by one or mure parallel bands showing a 
distinct orientation, as shown in i<'ig. 12, Plate f. 
'J’lieso structures, it may bo added, are also 
characteristic of the a body met with in other 
alloys of copper, such as those with tin, aluim- 
nium, manganese, &c., although in each class 
of alloys the range of existence of tlic a phase 
may be widely dilTcrent thus m the copper- 
alumiinuni senes the range ot the pure a phase 
is only slightly over 7 p.c. 

Jt will be seen that in tbccquilibi-niin di.igiain 
of tlie copper-zinc series the region of the juire 
a phase is' bounded on the right by the curved 
line hoh.i ; immcihately to the right of this line 
lies the region in uhich the alloys (lonsist ol a 
mixture of tho a and ^ phases. If we consider 
the cooling from fusion of an alloy containing, 
for instance, 3f ]).c, of zinc, wt see that it will 
begin to ^hdily at a temperature of about 
Plf)°, depositing a crystals until tho tempera- 
turo of the lino is reached at aiiout HSO*^. 
At that temperature the remaining liquid 
solidifies in the form of ^ crystals, vilnch fill up 
the interstices between the previously dejiositcd 
a crystals ; if quern hed from a temperature 
just below this line, such an alloy is found to 
exhibit tho duplex structure of a aud ^ thus 
indicated. *'0n further cooling, however, tho 
alloy crosses the line and jiasscs from the 

region of mixed a and into that of pure a. 
If time enough is allowed to permit of the 
establishment of full equilibrium, tho whole of 
the jS present in tho alloy will bo transformed 
into a and tho alloy will become homogeneous in 
accordance with the indications of the diagram ; 
with most ordinary rates of cooling, hoiiever, 
this transformation is not completed, and the 
alloy retains some of its original ^ m that condi- 
tion, remaining in Avhat is known as ‘ meta- 


stable equilibrium.’ In such a case the tendency 
for the jS phase to undergm transformation is 
always present, but it is held permanently in 
check by the internal resistance of the metal to 
such rearrangements — this resistance being very 
considerable at low temperatures, but diminish- 
ing rapidly when tho temperature is raised. All 
metals and alloys in which a transformation or 
‘ inversion ’ of any kind has been prevented by 
rapid {or insuflicicntly slow) cooling, are thus 
in a mcta-stablc state, and the attainment of 
stable cquihhruim only requires a raising of the 
tcmpeiatnrc. Alloys which have been quenched 
ar<‘ usually intentionally thrown into a meta- 
si a)»le condition. In the present case it follows 
that the rate of cooling, in the tirst instance, or 
the Hiihsi'quciit apjilication ol heat, as in 
aiinoaling, will make a very <.’'cat. difference to 
tlic cliaractcr of the alloy and to all its physical 
and iiKslianical properties, since in the meta- 
stablo state the rciutividy bard, strong, but 
buttle body is present, while in tho annealed 
st.itc this boily is ahamit. 

'J’o the riglit of the line w<‘ have first tlie 
region of a and ji, and then, to the light- of the 
liiH' b^^lf^, the region ol pine /j, wlnle beyond that 
again is the region ot The industrially 

inqioil.int Muntz metal, <-ontaining about 00 p e, 
copjier and -10 p.c. zinc, lies in the region of 
a-f-/)*, and accordiiiylv alwav^ exhibits a very 
delimte diiph'x slniehire wliieli is not removed 
by annealing, in Ibis respect diffciing liom a 
tyfiical brass siieh as that uscfl for condenser 
tubes, which contains 70 p.c. copper and 30 p.c. 
zinc, a.nd thcrctoii' lies in th(' region of jnire a. 
Study of the cuivi'S of the diagiam will at once 
show that the alloys coni-aining tho body 
(luring (aioling undergo a dceomposition on 
passing through the temperature of the Imt' 
b^h^ Ol CjCj respectively, breaking up from ])ure 
ft into a plus ft or ft jilus y respectively. 'Phesc 
decoiujiositions arc also readily prevented by 
comcwliat rapid cooling, so that the linal statt* 
of the alloys depends a good deal upon the rate 
ah which they liave been allowaai to cool from 
fusion or from subsequent heating. 

ISonie reference is lequircd to the horizontal 
lino m this diagram, running from p to q through 
the entire rc'gion of the alloys in which the 
ft pliasi' occurs. J’his line represents a scries of 
hcat-evolutioiis, wdiich, originally observed by 
Kobert-H -Austen (Roberts- Austen, Fourth Re- 
yport to the Allo 3^8 RcRearch Committee of the 
Inst. Mech. Eng. 185t7, 31-100), have been 
redetermined by Carpenter and Edwards (H. C. 
H. Carpenter and C. A. Edwards, Jourii. Inst, 
j Metals, V. 1911). The nature of the change 
indicated by these arrest -points is not quite 
clearly established ; tho authors just named 
, suggest tho interpretation that at tMs tenipera- 
tuie the ft pnaso undergoes decomposition into 
a and y, ami they quote some microscopical and 
mechamcal evidence in support of this view. 
There are, however, serious difficulties in the 
way of this explanation, and the writer prefers 
to regard the change, for tho present, as a 
transformation in tlic ft phase, and this view has 
been confirmed by the work of Hudson on 
vanadium-brass (Hudson, Joum. Inst. Metals, 
1914, 1) ; the critical points in question, 
how'over, appear to be of some importance in the 
thermal treatment of brass. 
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Before leaving tlio iuetallogni])hy of the particles. It has, further, been shown that the 
zinc-copper alloys the effect of li eat -treatment ■ ])rpsence of 2 p.c. of lead may be an advantage 
on the micro-structure of these metals must be ! m condenser tubes from the point of view of 
mentioned. It has been shown that even resistance to corrosion (Second Report to the 
at the ordinary temperature the crystals of | Corrosion Committee of the Institute of Metals, 
brass which have previously undergone He\ere | Journ, Inst. Metals, 1913, ii. 13-118).* Load is 
mechanical distortion undergo a gradual re- ' also intentionally added to brass when sjiecially 
arrangement, resulting in the formation of larger good machining properties are requii ed. 
crystals of normal shape (K. Cohen, Roviu'gi^neral With regard to other impurit ies, it may be 
des Sciences, Pans, 1910) ; at higher tempeiatures stated generally that the less injunuus or non- 
this recry stall isation is decidedly lapid, tlie size injurious ones are rarely if over visible ae 
of the resulting crystals depending upon both rhstmet c.onstituents under tlie microscope ; in 
the highest temperature reac hed and on the fact, the quc.stion whether a given impurity is 
duration of heating, although at each tiunpera- mjuiiuus or not is very largely a question of 
tu re there appears to be a limiting sr/.e ot crystid wliethcr it does or does not ftflni a distinct 
structure, w'lueli is gradually attained, but is nncio-constitucnt. 1’hus arsenic (in small 
not exceeded on prolonged heating at that amomits), nickel, silver, &c., all remain in solid 
temperature. For practical ]jiii poses the scale Holution in the a body — some of these, indeed, 
of crystal structure is im})oitant, heeaii.si' it is as w'ell as menganese and tin and iron are 
a universal law' in metals and alloys that doliherately addl'd to certain ‘ special ’ brasses 
increasing size of crystals brings W'lth it decrease m order to obtain valuabh; ternary alloys. Tho 
in strength and increase in brittleness or constitution of these ternary alloys has not yet 
fragility. It follows that in brass, as m most heon studied HiiHieiently to maki' it possible to 
other metals, prolonged heating, oi heating to discuss their metallography m detail, although 
an excessivi! tcinjieratuie, tends to injure the much w'ork has been done on them (.sec L. 
metal, which becomes ' overheut('d,’ and if the , (Rullet, Alhages Metalhqnes, ch. x.). 
heating is very excessive, may Ix'come ‘ burnt,’ 'I'lie alloys of copper and tin constitute one 
a stage w'here Ihe injury to the internal structure of the most complex of the binary scries, but 
has become so sev ere tliat it cannot be eradicated 
by any treatment short of re-meltmg. 

The influence of the most fiequcnt iinjiuiitu'S 
on brass has received much attention, both 
from the mechanical point of view and fioin that 
of the effect on tlie miero-slrueliire. A very 
frequent, and in many respects mjiirions, im- 
purity IS load. This metal apparently does 
not remain m solid solution in the a body of the 
eoppcr-zinc soiies, and in all orilinaiy brasses, 
therefore, appears as a disl met micro-constituent 
whose presence can be rc'cogm.sed, in the form 
of minute dark globules, winch are readily sei'ii 
before the spi'inmen is etched, when pre.scnt. to 
the extent of not less tlian 0*2 p.c. When the 
specimens art; otehed in the more usual manner 
by means of feme ehloride solutum, these minute ! their constitution has been exhaustively studied 
dark specks are no longer very conspicuous ; on ! and the results are embodied in the diagram 
tlie other liand, tlveir presence can be made very rofiroduced in Fig. 19. Space does not permit 
obvious by eicliing the specimens with coiiei'ii- of a full description and discussion of this 
tratod nitric acid, applied in the form of a single diagram (Heyeock and Neville, Phil. Trans. 1903, 
drop, and immediately w asjjcd off in a rajiid 202, A, 1 ; GiolittiandTavanti, Gazz. chim. ital. 
current of water. This reagent develojis a more 1908, 38, li. 209 ; Shepherd and Bloimh, J. Pliys. 
or less deep and irregular pit in the surface at (Jhem. 1900, 10, 030 ; J. L. Hauglfton (Journ. 
the spots previously occupied by lead globuleSf Inst, of Metals, 1915, xiu. 1, 222-248), and 
and the etched specimen accordingly ajipears to attention must again be confined to that end of 
be deeply pitted. It may be mciitionod that the scries whieh embraces the industrially useful 
the presence of lead —at all events when present alloys, which, with the exception of ‘ speculum 
in quantities exceeding 0'40 p.c. — tends to metal,’ contain loss than 14 p.c. of tin. 
produce ‘ pitting ’ by corrosion of the brass The industrially most important alloys are 
around tho lead globules, a jirocess wdiich fre- included among those which begin to solidify 
qucntly leads to the rapid failure I ^ such objects along tho branch ab of tho liquj^us ; these 
as condenser tubes, &c. The method of alloys begin to solidify by the deposition of 
etclung a polished specimen with strong nitric crystals of the. a body, which is a simple sohd 
acid mentioned above thus turnishes an approxi- solution of tin in copper. 3 hcBO alloys which 
mate guide to the jirobablc behaviour ot such contain nioro cojiper than the eonccntr^ion 
metal — a brass which pits deeply under such indicated by the abscissa of the point ci^ (about 
etching is hkoly to x>it rapidly in service. It 92 ]).c. of copper) completely solidify in the 
should, however, be mentioned that these a form and undergo no further changes on 
minute lead globules are not the only impurities 1 cooling to the oidinary tcmiierature. Tins 
which cause pitting under the action of strong j a body of the tin-co])])er series is, it may be 
nitric acid, minute globules of oxide behave in rcmark<*d, somewhat similar in character to the 
the same manner, although their apjiearancc corresponding body of tho zinc-copper and 
before etching is .diheront from that of the lead | aluminium -copper series, i.c. a tough ductile 
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Inniy of gradually iJicifasiiiK Htrength and 
hardnoBB as the ja-oportioii of tlie added element 
in increasc'd ; there ih, hcnvover, a marked 
difToreneo bctwi-cii tlie three Bcrie» as regards 
the relative; influence of various jiropoi tions of 
the added element -the concentration of the 
point correBponding to in Fig. 19 being m the 
zine-copjier senes a})pt()Minately 70 p.e. of 
copper, 'riiis may be cxpiessed by saying that 
tin; cll<‘(;t of 7 or 8 ]> e. of tin is equivalent to 
that of ,70 ]),c. of zuk;. It is interesting to note 
that this relatively fcel)le action of zinc is met 
Avith in other alhtys of tins metal. 

Alloys still belonging to the group represented 
by the lino ABt but containing more than about 
8 p.c. of tin, do not solidify completely until 
they reach the temperature of the line h^hn 
(jubI below 800"), and at that temjierature the 
remaining li(|iiid solidilies in tin' form of the 
constituent. In the field the afloys 

thus consist of a niixiun' ot tht“ tun phases 
a and /?, but d they are (•(toleil sulheiently .slowly, 


the j8 body disappears entirely. In the case of 
alloys lying between 92 and 87 p.e. of copper, the 
I cooling alloy crosBOS the line 6,62, which is 
exactly analogous to the corrcBponding line 
of the yane-coppor diagram ; on crosBing this 
line the jS body ilisappears and the alloys again 
eonsiRt entirely of a. Since 111 these as 111 all 
similar alloys, the ^ body is muiih more brittle 
than tlie a, this transformation has a powerful 
effect on the meehanicai projierties of the alloys. 
A still more mii>orlaiit change takes place in the 
alloys containing rather less than 87 ]).e. ot 
<!op])ei ; in these, along the line f'ho ft body 
IS transformed into the 8 phase, and this phase is 
eonsidi'ruhly liarder and very much more brittle 
Lhaii the ft phase. When these alloys are 
slowly cooled 111 the ordinary course, these 
translorinatioiis occur only to a limited extent, 
and the r(\siilting structure shows a mixture of 
transformed and unchanged constituents, while 
the meclnanieal piopert ies are also intermediate, 
liy quemdiing the alloyKS eontaining less than 



87 p.c. of copper from a teniperaturi! just above , 
the lino b^c^, however, the ft -8 cliange can ' 
bo entirely |irevented, very miieh to the advan- i 
tage of the strength and ductility of the alloys. ' 
Tiii-eoppcr alloys to which other metals or j 
metalloids have been added include a number uf 
important ‘ special bronzes,’ many of which are 
known under trade names. Among the special 
bronzes, the class of alloys known as ‘ phosphor 
bronze ’ are perhaps the most important. The 
addition of phosphorus to copper-tin alloys is ! 
usually madh in the form of either phosphor- | 
copper or phosphor-tin alloys previously pre- j 
pared. The quantity of phosphorus introduced | 
varies according to the purpose for which the 
alloy is intended. Jn a great many eases the 
object of adding the phosphorus is simply to free 
the metal from oxide of tin, which is apt to 
occur in ordinary bronze in the form of small 
angular crystals the jiresence of wliich reduces the 
strength and ductility of the alloy. Phosphorus 
thus added merely as a de oxidising ag6nt passes 
almost completely into the slag, and mere traces 


arc found in the |’esulling ‘ plioKjihoi'* bronze.’ 
In other ea.ses it is desiied to retain a certain 
amount of jiliospliorus, probably m the form of 
IJie hard and brittle eompoiiud CugP in the 
resulting alloy, 111 order to increase its liaiilness 
j and to give it the special properties desired in a 
I bearing metal — properties which are obtained by 
I alloys consisting of crystals of a hard brittle con- 
I stituent embedded m a soft and comparatively 
' plastic matrix. The constitution of the copper- tin 
phosphorus alloys has been studied to some ex- 
tent, hut the reader m ust refer to the original paper 
of Hudson and Law (Hudson and Law, A Contri- 
bution to the Study of Phosphor-Bronze, Joum. 
Inst. Metals, lii. 1910, 1, Ihl) for further details. 

The alloys of copper with aluminium (ahami- 
I nium bronzes) can only he very briefly considered 
here. ’J’he equdibrium diagram, as given by 
Carpenter and Edwards (Carpenter and Edwards, 
Eighth Report to the Alloys Research Committee 
of the lust. Mecli. Eng. 1906), is reproduced in 
Fig. 20. Again, industrially useful alloys are 
only found near the extreme ends of the series, 
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but 111 this case the light alloys of aluminium , 
containing up to 12 p.c. of copper are of import- 
ance, as well as the heavy aUoya rich in copjior , 
(89 p.c. copper and over). The remarkable 
pro])ertics of these alloys and of others directly 
derived from them have been closely studied 
(tJarpenter and Edwards, Eighth Report to 
the Alloys Research Committee of tin* Tnat. 
Merh. Eng. 190b ; Rosenhaiu and Lantsberry, 
Ninth Report to the Alloys Research Committee 
of the Inst. Mcch. Eng. 1910). Eiom the point 
of view of constitution and inicro-structiirc, the 
cojiper-aluminium scries is closely related to 
the ct)pper-zine and coppcr-tin series. Near the. 
copper I'tid of the series we have again an 
a body consisting of a sohd solution ot alumi- 
nium m copjier and gradually increasing in 
strength and hardness with increasing content 
of aliirniMium, but with the important dilTereuec 
that the degree of comhined stnaigth and duc- 
tility obtainable bytlioaidof aiuminium is mucli 
greater tlian that found ni either ot the two other 
scries naiiu'd. An additional property of very 
great value is the high resistance of tliese alloys 
to corio.smn. In the coppi'r-aluminium scries we 
again have a /J body, whieh is hard and eoniparu- 
tively brittle, while great brittlom'ss, lendering 
the alloys nidustriaily useless, a[)pcar8 with the 
oceiirreuec of the thnd phase ol the series. 

'Phe micro-struetures of all the eoppci alloys 
which have been diiscribed above aio very 
similar. Those alloys winch consist of the 
a constituent alone show a structure closely 
resembling that of puie eojiper, already illus- 
trated in tlio case ol brass in Mgs. 11 and 12, ^ 
Plate 1. Whore the H phase i.s present, etching ■ 
usually does not reveal the crystal boundaries of | 
the a phase at all, the constituent being i 
miM’cly darkened and eroded. A typical cxamiilc ' 
irom the alumnuum- copper series is given in 
Fig. 21, Plate LI. It should be remembered that 
the seal(! of this micro-structure will depend, in 
any given alloy, upon tlic lieat treatment which 
the metal has received; [irolongod heating, 
('Specially at high temperatures, produces a 
coarse .strut: lure, and this coarsiming of tlio 
micro-stiucture is accoinpamed by a degradation 
t)t the mechanical properties. 

The alloys of aluminium have acquired a 
coiiHidei’uble degree ot importance which later | 
developments tend to iiiercase. Only a few 
of the most important ones can be discussed 
ht're. 'I'lie alloys of aluiuiiiiurn witii copper hipve ; 
already been meutioiiod ; their constitution is i 
represented by the right-hand side of the | 
diagram of Eig. 20. It has been found that 
aluimnium possesses a small, but not definitely ! 
ascertained power of dissolving copper m the i 
solid state; at coneentrations above 5 p.c., 
however, the copper forms a eutectic alloy with 
aluminium, the copper being present in this 
eutectic m the form of the (iofinite compound 
OuAlj, which — like almost all inter-metallic 
compounds — is a hard and brd tie body. Alloys 
of aluminium containing as much as 3 and 4 p.c. 
of copper contain small quantities of this eutectic, 
and as a consequence they are harder and 
stronger, but also far less ductile than pure 
aluminium. When the copper content exceeds 
4 p.c. the degree of brittleness becomes too great 
for many purposes, and the alloy.s can no longer 
be rolled into bars or sheets, even when hot. 


The alloys of aluminiuin with maiiganoso 
have not been studied sufficiently for the con- 
struction of a complete equilibriiun diagram, 
but suffieient is known of their eonsiitutum to 
state that in the alloys near the aluminium end 
of the scries, manganese is present m the form 
of the hard, brittle compound At^Mn, and 
additions of more than 2 xi.c. appear to be in- 
jurious. Alloys eontammg from 30 to GO p.e. 
of manganose have the curious property of dis- 
integrating spontaneously ; a east ingot of such 
an alloy, whilst hard and sound when first 
! solidiliod, breaks tlown .spuntanoously into a fine 
; erystalluie xiowder, in some cases in the course of 
' a low' hour.s. T’his proei'ss is not accompanied 
by any eonsiderahio oxidation, Rnd ajipoars to 
be the result of a polymorphio change of the 
. compound AbiMn. Similar spontaneous dis- 
niti'gratioM occurs in certain other alloys of 
aliumniurn, ii -tally th(»sc of iron, hut in eertaiu 
ea.ses tins change is permanently inhihitod if 
an ingot ot the alloy is forged or otherwise 
, worked soon after casting. Certain other, mure 
, complex, alloys of ahnunuum exhibit a process 
' ot spontaneous cliange leading to gradual 
I vveakemug in the course of several years, so that 
, aluminium alloys should only be employed after 
1 a care.tul study of tlie properties ot the particular 
j combination ni question. As regards many of 
I the bi'tter-knowii alloys of alumiiuum, such as 
I thosii with copper, copper- manganese, and zinc, 

' this study has already been carried out, so that 
reliance can ho placed on these materials. 

'L'ho structure and constitution of ternary 
alloys of alumnuum witli both copper and 
manganese has been studied (Rosonhaui and 
Laut.sborry, Ninth Report to the Alloys Research 
Committee of the inst. Moeh. Eng. 1910), but 
the matter cannot bo dealt with here. An 
interesting development from the alloys of this 
groiiji IS repre.suntod by the material known as 
‘ Duralumin,’ a patented alloy of aluuiirnum with 
copper, manganose, and a small amount (about 
\ p.c.) ol magnesium. 'Ureated in tho ordinary 
maimer this alloy is very similar in properties 
to the simple alummiinn-oopper aUoy.s, hut after 
heating to a definite temperature lying in the 
neighbourhood of 400'’ tho alloy undergoes au 
ageing process occupying 8-10 hours, in the 
course of which it inoreascs nearly 100 p.c. in 
strength and hardness without a oorrespondmg 
loss of ductility. The metallografihio explana- 
tion of this phenomenon has not, as yet, been 
arrived at. 

'Pho alloys of aluminium with zme, aud 
derivatives of these alloys, have received 
much attention (Rosenham and Archbutt, 
Alumimum-Zuic Alloys, v, suprn). 'Phe equi- 
librium diagram of tho alumimum-zino senes 
is given in Fig. 22. Owing to the fact that 
zinc is soluble in solid alummiuuf up to a con- 
siderable concentration (exceeding 40 p.o.) a 
considerable range of these alloys is industrially 
useful, and even the more brittle members of 
this series may be of practical utility as casting 
I alloys on apoount of their comparative lightness 
and cheapness. 'The liquidus curve of the 
aluminium-ziiie series is given by the line abod 
i (lig. 22). Along AB a solid solution of zinc in 
, aluminium begins to crystallise; up to about 
I 40 p.c. of zinc the solidification is completed in 
' this form (the y phase) along the ourved 
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solidus a6i. The break in the liquidus at b, i 
however, indicates that beyond this point the j 
liquid alloys deposit a new jihase (^), which is 
})robably the dolinito compound Al^Zn, ; along 
the line this cornjiound is formed by a 

reaction ^otween the solid y phase already 
I)rcscnt and the residual liquid ; since the solid 
crystals become encased in sheaths of the 
compound, the completion of this reac-tion is 
very slow, and in fact only takes place 
when the alloys are annealed for several liours 
at a tern ])cratu re just below that of the line b/i,. 
At the point the alloy possesses the composi- 
tion of the compound, and tlu^ whole of the solid 
solution reacts with the whole of the residual 
liquid to form the compound ; to the right of 
hg there is an excess of the original solid solution, 
and this foims an unbroken scries of solid solu- 
tions with tlu! compound— ?.c. the comjioiind and 
aluminium are mutually soluble f.i all jmqior- 
tions. 'J'o the loft of the point there is an I 
excess of liquid, and this solidifies as the eutectic | 
of zinc and the compound along the line djCj. j 
d’he compound {ft) is, howe^ei, again decom- 


graphy of the iron-carbon series will be de- 
scribed from the standpoint of the so-called 
‘ allotropic theory,’ which is now almpst uni- 
versally accepted, but it is desirable to mention 
the fact that somewhat divergent views are 
held in some quarters ; these divergences, 
however, affect only the interjiretation and 
I not the actual facts of iron and steel metallo- 
I giaphy. 

' Tlu‘ equilibrium diagram of the iron -carbon 
j st;rie,s, somewhat modified from that originally 
draw'll up by Roo'/eboom (Roberts-Austen, Fifth 
Report to tin* Alloys Research Committee of the 
Inst. Mech. Kng. IK90 ; Roozeboom, Zeitsch. 
physikal. Chem. 1900, 114, 437 ; Crocrens, 
I'hstarrungs und Mrkattimgsvorgaiige bei Eisen- 
j kohlenstottiegieningeii Halle, 1907 ; Carjienter 
and Keeling, Joiirn. Iron and Sbud Inst liKM, 1) 
I is shown in Fig. 23. It should be remarked at 
once, however, tliat this diagram repiescnts 
what IS not in reality a diagram of completely 
stable eoiidilions ; the stable equilibiia are 
in<lieatcd by the dotted lines in the tliagiam, and 
will bo dealt with later, but the meta-stable 


jiosed- ~ throughout the entire range of 

its existence, even in the state of solid ^ou ' 

solution - on reaching the temperature of 
the line efg (25(r‘), w'hen it breaks up 
into its (ionstituents, vi'z. the a and y coo“ 
jihasos, W'hich arc simply saturated solid 
solutions of aluminium in zinc and ci<e 
versd. An interesting feature of this srf 
decomposition, however, is that the two ^ 
products arrange themselves in the form 
of line laminai closiily resembling the 
typie-al structure of a eutectic alloy, but 
on a much smaller scale. This jilu'- , ; 
nouienon presents a striking analogy to , 

the formation of ‘pcarlife’ m steel {r. 
infra), and is of importance because of 
its rarity. How far this dceonijiosition I 

occurs in those alloys of most indiis- j * 

trial importance (\iz, those containing 

less than 30 p.c. of zinc) is not yet ^ 

definitely known, but it is jirobablc 

that the phenomena in ()uestion affect 

the behaviour of these alloys on heating and , 

cooling. 

Iron and Steel. The iron-carbon system is, | 
from the metallographic point of view, one ol j 
the most complex groujis of alloys ; althougli a 
range of only 6 or 0 p.c. of carbon -content is ] 
to be studied, since alloys richer in carbon cannot ! 
at present be prepared, and although ])robably j 
a larger amount of investigation has been | 
expended on these alloys than on any other i 
system, it cannot bo said that their inetallo- j 
graphy is as well understood as that of such 
alloys as coppcr-zinc or copper-tin. The reason 
probably lies in the diflictilty ol studying the 
constitution iK these alioys at high tempcratuii's 
— difficulties Avhich are due to the rapidity 
with winch they undergo oxidation at high 
temperatures, and the rapidity with which many 
of them undergo transformations on cooling 
through certain temperatures. Queuching such 
alloys fails to maintain them entirely in the con- 
dition w inch it is desired to study, and a series of 
complex transition products aie accordingly 
met w ith, which vary in character according to 
the exact circumstances, and have consoqueiitly 
given rise to much controversy. The metallo- 



cquilibiia icprcseuied by the full lines occur 
with such persistence, especially in the alloys 
contaiiimg less than 2 p.c. of carbon, that they 
are of greater iritcr(5|it and inqiortanee than the 
Conditions of true stability, which are met with 
in practice only in the case of cast iron and pig 
iipiis gencially. 

The hquidus curve of the iron-earbon alloys, 
w'lllun the limits open to investigation, consists 
of two branches, ab and Be, the former repre- 
senting the eommeucement of solidification of a 
solid soluti;)!! of carbon or of iron carbide in 
iron ; tlie branch bc as drawni in Fig. 23 repre- 
sents the solidifimtion of carbide of iron (or 
‘ cementite ’). This branch of the curve 
probably tends to a definite maximum at a con- 
centration eoiresponding to the formula Fegf!, 
but this [loition of the curve cannot be pursued 
ii]> to tliat point, principally because with these 
high eoiieentrations of carbon tlie stable system, 
111 which iron carbide or ecmentite has no place, 
tends to predominate, and the liquidus curve 
bocoiiies that representing the sejiaratinn of 
graphite according to the dotted line b'c'. Along 
the Jme the eutectic of the solid solution 

(ab) and oi ceiiicntitc (u) separates, while the 
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' curved aolidua hue A&j reprpsenta the completion 
of solidifioation of the alloys containing up to 
2 ‘2 p.c. of carbon. The position of {liis line has 
been determined by Gutowsky by means of 



quenching e.'ijiCiunenlK (Gutowsky, Metallurgie, 
1909, 0, 512), and it is of considerable practical 
iinpoi lance since !!■ indicates a siipeiior limit 
above which steel may not b(‘ heated without 
permanent injury du(' to ‘hnining’ — steel 
w'hich has bemi hcatiid to the point of incipient 
fusion [i.e. above the line a/i,) appears to be 
permanently spoilt in sindi a Avay as to be unfit 
lor any use except k' melting It may be 
added that even at eoiisulerably lower tempera- 
tures steel may I'c rendered weak and britth', 
but if the injury has not gone too far the 
quality of the metal ean be restored by suitable 
treatimmt 

To understand the lowei ]>ortion of the. 
diagram ol Fig. 2‘d, i.e. the poition eomprisirig 
the lines de, e^i, fq, and iiEJ, w'e must first 
consider the transformations undergone by ])ure 
iron ill cooling fi;oin a temperatme above 900° 
down to the ordinary temperaturie The 
eoolmg-eurve of electrolytic iron nearly free 
from impurities is slnnvn m Fig 24. At or n^ar 
the temperature of 900'-’ there is the first 
arrest-point in tlie cooling-curve ; then the 
cooling proceeds f 
regularly down to 

a temperature of | ( f/^eezinG po/nt 

750° (point F in Fig. i 4 on° 

23), where there is 
a second arrest - 
point which some- 1200 “ 
times exhibits a 
double peak ; if 
even a trace of ear- 
bon is present there 
IS a third very 
slight arrest-point ^ 
ajt or about 700°, 
and after that the 
iron cools normally. 

The interpretation 
1,0 be placed on 
these arrest-points » 'u ^0 ^ ^ 

is that at the tern- Fia. 24. 

peratures in ques- 
tion the iron undergoes a transformation or 
rearrangement of its constituent atoms, which 
liberates a considerable quantity of latent heat, 
thus producing the arrest of cooling. These 
transformations or atomic rearrangements are 
analogous to similar phenomena observed in 
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such elements as fulphur, selenium, &c., and 
' are described as ' alfotropic ’ transformations.' 
In the case of iron, the form which is stable — in 
1 pure iron — at temperatures above 900° is called 
y iron, and the arrcst-jioint w'hich indicates the 
transformation of y iron is called Argj^m cooling 
' and AC 3 on heating (Osmond, Journ. Iron and 
' Steel Inst. 1890, 1). The form of iron which 
exists between this arrest-point and the next, 
(Ar.-Ae^) is called fi iron, while the form whicdi 
exists below' Arj, down to the ordinary tempera- 
ture, IS called a iron. No marked difference m 
crystalline form has as yet been demonstrated 
betw'ceii tbo three allotropic moditications of 
iron, but the point Ao^ coincides with the 
disapjiearaiiee of magnetic jiermeability on heat- 
ing and Ai'a with its re-ap])carance on cooling, so 
that and y iron are generally regarded as being 
non- magnetic. It has also been showm that the 
tr.insition of ticarly jmie iron from the a into 
the ^ form is acconipa iiied by a slight but 
definite increase in hardness and tensile strength, 
while a strongly-marked and sudden increase in 
strength occurs when the iron passes into the 
y state (Hosenhain and Humfrey, The (hystallino 
Structure of Iron at High Temperatures, Proe. 
Roy. Soc. 1910 ; Roaenhaiii and Humfrey, 
-lourn. lron&, Steel Inst, 1913, i. 210-27]), and 
it, IS also known that the allotropic transforma- 
tions are accompanied by sudden changes in 
volume. It further follows from tlie equilibrium 
diagram of Kig. 23 that while y iron can hold 
carbon or carbidi^ of iron 111 solid solution to a 
considerable extent , botii ^ and a iron have little 
or no power of dissolving carbon or carbide of 
iron. 

The area of the diagram of Fig. 23 

thus repre.scnts a region in which the alloys 
consist of a solid solution of carbon or more 
probably carbide of iron in y iron. On cooling, 
this solid solution behaves very much like a 
liquid solution of two metals; along the line 
DO crystals of ft iron are deposited, leaving this 
' solid solution richer m carbon ; along the line 
GE this jirocess is continued except tliat the 
crystals w liKili separate are now a iron ; along 
the hue Efq, on the other hand, crystals of 
comentite (carbide of iron) are deposited, leaving 
the residual solid solution poorer in carbon than 
it previously had been. Ii wo follow the cooling 
of a steel containing from 0 to about 0-4.5 p.c. 
carbon, we find it passing first* through the 
, line DO, and then commencing to deposit 
crystals of ^ iron ; these crystals increase in 
quantity until the lino fg is crossed, when the 
whole ot the fi iron is transformed into a iron, 
and the quantity of this a iron now continues 
, to increase, the oarlion becoming more and more 
concentrated in the residual solid solution. This 
concentration continues in such a way that at 
I any instant if a horizontal line b(f drawn repre- 
senting the tempeiaiure of the alloy, then the 
, abscissa of the point where Ibis line crosses the 
1 line DGE indieat (‘8 the concentration of the resi- 
' dual solid solution. Accordingly, when the 
steel has reached the temperature of the line 
. HEJ, the residual solid solution has at the same 
' time rcaelii'd both the concentration and the 
' teftiperalure of the point e. This point, and, 

I indeed, the whole lino hej, corresponds closely 
to the eutectic line of a simple system of eutecti- 
ferous alloy, such as the line db of Fig. 4. At 
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tliR temperature of the Jine jiKJ the remaining 
y iron of the residual solid solution undergoes 
transformation into a iron, and rejects th<^ 
carbide whicli it held in solution uj) to that 
tera|jeraturo ; the result is that tlu^ residual 
solid solution breaks up into two phases, viz. 
a iron ancl cernentite, giving nso to a regular 
laminated eutectic-hke structure, which is 
called a ‘ euteotoid.’ The micro-constitiu'iit 
corresponding to this decomposition is called 
‘ pearlito,’ from the pearly ajipcarance Avhich its 
laminated character gives it undiir e(*rtain condi- 
tions of illumui.ition. 'J’hc a iron, on the other 
hand, which has previously separated, is known 
nucrograplnoally as ‘feirite,’ since it is practi- 
cally j)ure iron. The microscopical appearance 
of pure ft'rritc has already been illustiatcd in 
Kigs. 0 and 10, Plate 1. ; Pig. 25. Plate II. shows 
the striictairi' of a very mild steel, containing 
about 0’J5 p.c. carbon and consisi'jng of feriito ; 
(light) and pearlito (dark), big 2(), Plate II. i 
shows the ‘ eiitectonl ’ striitlaire ol jicaalitc' moie 
highly magnified. 

Alloys lying Ladween the concentrations of , 
points K (O'!) p.c. C!), and Oj (2 p.c. C) undergo i 
a somewhat similar series of changes, but 
here it is cernentite which sojiaratcs out at 
all temperatures below the line Ef)^, while the 
residual solid solution is lowcied in carbon 
content until the tcmpeiature of the line eJ, and 
the concentration of the ]K)int e are again simul- 
taneously readied. 'Ihe alloys ol this group 
accordingly consi.st, wdien .slowly co(»led, of 
crystals of cernentite embedded in the eutectoid 
pearlito. 

Alloys lying to the right ol the point so 
far as they follow tin' eqiiihbria of tlio ccmeiitilc 
system at all, consist, immediately below the 
lino u/ip of crystals of the solid solution of 
cement lie in y iion embedded in a true eutectic ! 
of ceimMitito and solid solution. The subsequent j 
behaviour of those alloys is similai to i-hat of the ' 
grouj) just jircviouslv deseiihed, the solid solu- : 
tion behaves exactly like that of an alloy having 
the concentration 6^, the additional eeinentitc 
remaining unchanged throughout. After slow 
cooling tiiroiigh the line toj these alloys consist ! 
of tw^o kinds of cernentite, viz. that derived from j 
the original eutectic solidification ami that | 
deposited by the solid solution during cooling, 1 
the latter being embedded in peaiiilc. j 

The constitution of the iron -carbon alloys at 1 
high temperatures, as indicated by the eiiuili- 
brium diagram, is of spi'cial importance, owing 
to the wide use in the aits and industr'cs of the 
process of hardening steel by quenching, it has 
already been explained that the eil<^et of 
quenching is to inhibit the occurrence of those 
changes which take place in the metal in the 
course of normally slow' cooling ; this inhibition 
may bo morckor less comjiiete according to the 
vigour of the quenching process employed. A 
very rapid cooling, as by quenching in water or 
even in iced brine, prevents the transformations 
more completely than more moderate rates of 
cooling caused by plunging the hot steel into 
oil or mercury (Benedicks Joiii-n, Iron and iSteel 
Insk 1908, ii. 152). 

The iron-carbon alloys in the region 
of the diagram consist, as has already been 
stated, i)f a homogeneous solid solution of 
carbide of iron m y iron. This sohd solution, 


' so far as it is known in micro -sections, ha.s 
[received the name of ‘austenite.’ Jn the case 
I of certain alloy steels containing considerable 
; jjroportioiis of such elements as nickel or 
manganese, tins austenite sohd solution remains 
htabl<‘ down (o the ordinary temperature, or 
may he letained by moderate quenching. In 
pure carbon steels it is never preserved un- 
changed by (puaulnng, but it has been ob- 
. served by etching .steel suifaces at a temperature 
of ovm 1 100° by means (d hydrogen chloride 
acting ill an afnio.sjiherc of hydrogen (Baykoll, 
i iiovue de Metallurgie, 1910). In queiichetl 
carlMni steels, austenite is only met with if the 
eaibon content is ovi'r I ji c., the quenching 
teinpeiatuie ovei 1000". and the qiaaitbing a 
vigoious one J'Aen thin the airslmiite is alway.s 
aceonipanied by .some of the tiansiljon piodiiels 
wbieb aic intermedirite between tlie unalteied 
solid .solution (aicstemte) and tin; normal linal 
decompoHil ion pioduet, pcailit<‘. Among these 
t.iMiisitioii piodmds, tliiee deiinite stages aie 
obs(‘i‘ved. 'J’lie liist of those is the constituent 
known as ‘ m ait onsite." Tins always accom- 
panies austenite in severely ijuenehed carbon 
steels, and appeals in the lojin ol jagged areas 
shown ng a minute sti'ucture ot fine interlacing 
needles or lamina', geneially cro.ssing at angles 
; approaching 00°. An e.vamidc ol the austeiiito- 
I inaitensite.sti uctuie ol soveicly quenched carlion 
j .steels IS shown in Big. 27. ITate IT. In the ease 
I ol steels of lower (‘nrhon eoiitent, this constituent, 
martensite, may ajipeai entirely wdthout auste- 
nite, and it may otcuj)> the entiic urea of the 
sjK'cimen. A photograpli ol a tyjacal martensiti' 
structure is show n in J''ig. 28, Plate II. This con- 
stituent IS the bardi'st body met with in carbon 
steels ; it is distinctly harder than austenite, but 
whih; austmnle appears to be non -magnetic, mar- 
tensite is ilistinetly magnoti(\ pud it is, in fact, 
this constituent to wdncli the large coeKUve force 
ot liardoned steel is due. Tiie natuie i if martensite 
hap been much discus, sed, but a rational vieiv 
a^ipears l.o be that the; ncicular structure arises 
from a partial dccomjKisition of the austenite 
along the cleavage planes of its crystals, the 
whole pioce.ss, how'C'VC'i, heiiig complicated by 
the changes in volume which accompany thi! 
allotriqiic translormations of iron. 

The y non of au.stemte tends, on •cooling, 
to undeigo transformation into a iron. In the 
course ot this tiansfonuation the iron probably 
]>asscs through the ^ condition, even when the 
i coin[»osiUon ol the steel is such that the ^ iron 
1 would have no lauge of stable existence during 
I slow' cooling. As there is some evidence to show 
I that jd iron is harder than a iron, the view has 
■ been widely held that tin; hardness of martensite, 

I i.c. of hardf'iied steel, is duo to the retention 
111 it of a consid(«able quantity of meta-stable, 

, hard ^ iron. The chfhculty of accounting for 
the magnetic properties of hardened steel on this 
! theory was met by the hypothesis that the noii- 
' magnetic pioperties of )3 iron above Ae^ are the 
I result, not of anji^ inherent non-magnetic quahty 
of j8 iron, but arise from a large teniperature- 
coefficient of magnetic propertie.s in this form 
I ot iron — so that, retained forcibly down to the 
j ordinary temperature, )3 iron might prove to be 
I BiiiliciciiUy magnetic to account for the relatively 
, loAv permeability mot with in hardened steeL 
As simpler explonatioiis have been put forward, 
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however, the ' iron ’ tlieory of hardening in 
Hteel has lost ground very eonsiderably in recent 
years. 

I'he simplest and most logical explanation 
of the phenomena of hard(‘niug in quenched 
steel 18 based on what lias conic to be known as 
the ‘ amorphous theory ’ of metals. This 
theory is based on the hyiiotbcsis, first put 
forward by Boilby {lieilby, numerous papers; 
•'fee The ilai’d and Soft State m Solids, Paraday 
Soe. June, 1904, and same title, Journ. Inst. 
Metals, 1911,2 [vi. j) that metals, while ordinarily 
erystallinc, may undf'j' (Certain (uinditioiis exist 
m a non-erystalline or amoijihous state in which 
their jiropertros n'si'mhle those of hard, brittle 
vitreous bodies such as glass or fused silica. 

( F or a lull stateiiK'iit of the theoiy, .v Jtosenhain, 
Metals, (Crystalline and Amorphous, Engineering, 
Sepfi. l!)l!b) vSueh amoiphous nu'lal never 
exists in considf'iable masses, hut is formed as 
the result of nuiehaiiKal disturbanee of eiystal- 
lino arraiigomoid. (see lielow) oi' renuims as a. 
very tlnn ix'sidiud layer where adjacent growing 
crystals meet, acting — m llic latter case- as an 
inter-ciystaUine cement holding the eryslais 
together. Tin! stieiigtli and hardm'ss of this 
cementing layer aiicounts toi the fact that in 
[Hire niolals the ciystal junctions are st longer 
than th(' crystals themselves, so that the iiu'tal 
becomes stioiigej and haider the greater tlu* 
number of junctions, /.(. th(' smallei the scale of 
the crystal struetine. In the exireme ease, 
where the crystals themselves aie little iiiori' than 
ineijiient nuclei, we should have the maximum 
amount of | unction area and— -uecoiding to the 
amorphous theory — the largest amount of hard, 
amorphous metal, so that tJie metal wmuhl 
attain its maxi mum haidiuiss in that oondilion. 
Now this IS jireeisely the condition which may be 
expected t.o arise during the quenching of steel. 
The transformation from y non to a non takes 
jilaee, dining shnv cooling, by the develo]micni 
of a number of small a crystals wdiieh ji^'ovv 
huger and absorb more and more of the y non. 
When cooling becomes very rapid, however, 
there is no time for the growth of those a crystals, 
and in lliese (uroumstaiices a very much largei 
number of a nuclei would come into existenw', 
but each would remain little more than a 
nucleus, surrounded by its layer of amorphous 
cement. The fullest iiarfhicss would thus be 
attained if the rate ut cooling and other con- 
ditions vero such that the whole volume of tin' 
steel was finally occiijned by iliese minute or 
incipient a crystals merely sejiaiaied from one 
another by filiiis of amorjihous metal. In any 
actual case, however, the size of the develojied 
a crystals, and the number of nuclei formed, 


hardness of either kind is extreme it is liable to 
undergo slight changes even at the ordinary 
temperature {‘ageing’). Einally, it may be 
pointed out that the magnetic properties of 
hardened steel are readily accounted for by the 
‘ amorphous ’ theory ; the nuclear crystals of 
' a iron arc the seat of permeability aftd ‘ reman - 
enee,’ while the high coercive force or magnetic, 
j liardness is due to the fact that, the magnetic 
j atoms (or molecules) of a iron lie tightly eiu- 
1 bedded in the hard and unyielding amorphous 
eemoiit which hinders re-arrangement of any 
kind, whether under the action of mechanical 
forces (hardness) or under the actiem of magnetic 
forces (‘ coercivity ’). 

j Evc'ii if we may regard •the amorphous 
I IIk'oi'v as adequately I'Kplaiiung the phenomenon 
j of hardening m quenched steel, other factors 
I undoubtedly play an important part. Thus, 
the voliinie-ijuinges wliieli are known to accom- 
pany th<‘ traiistormal ions of iron from Lho 
y to the a slate produce powerful internal 
slressi's III (pu'iichcd steel, which frequently 
h'ad to distressing failures in the shapi' of 
‘hardening ciacks ’ or, in less severe cases, to 
distortion. These internal stresses may play a 
|)a.rt 111 the liaidi'iiiiig process, although this 
part is piohalily confined to facilitating the 
jiroduction or icteiitioii of amorphous metal, 
j I’huH Carpenter and Edwards ((Carpenter and 
1 Edwards, 'riie Haidcuing of Metals, Journ. Iron 
i and Steel lust. 1914, i. illb-i9l) ascribe the 
1 hardness of quenched steel to the ju’csencc of 
j amorphous iron, but consider that this is formed 
<i,s th(^ result of mechanical deformation by 
multijile twinning (.see below) of W'hich they 
believe that the micro-structurc of martensite 
bears evidom^e. McfJanco (A. McC’anco, The 
Theory of Hardening, Journ. Iron and Stccllnst. 
1914, i. 192-20.5) goes still furtlu'r and ascribes 
I the hardness of steel, without reference to 
I amorphous metal, to a state of ‘ mtiu'-strain ’ 

I sel iij) within tJie material by quenching, 
i It. IS further evident that carbon must jilay a 
vitally iinjiortant jiart in the whole phenomena 
of hardening since they do not occur to any very 
coiiSKh'iable extent in the absence of that 
element. 

Carbon is said to act as a species of ‘ brake ' 
on the allotropic transformations, and the neturo 
of its action may be understood when it is cun- 
i sidered that 1 lu' transformation^ of pure iron 

I li’om one alhitropic form to another merely 
involves a rearrangement of the atoms within 
the crystal. While the y iron contains dissolved 
I carbide of iron, however, the allotropic change 
j of the iron involves the expulsion of the carbide 
from solution, and, for completion, its rejection 


would vary even in dilierciit paids of a single from the crystals of iron. This rejection 
original y crystal, thus givin^nse to the aciciilar involves a transfer of the carbide molecules 
structure of maiiensite, w lncli is undoubtedly acro.ss di.stances which are very kirgo compared 
related to the crystalline planes of the austenite with molecular dimensions, and it is not difficult 
from wliich it is derived. (Jn this tlieory, Ihe to understand that such a transfer occupies 
hardness of quenched steel is ascribed to the time, and that it is, therefore, more or less 
presence in it of a relatively large amount of xeadily inhibited by the action of quenching, 
amorphous metal, thus correlating the hardness In the case of martensite the rejection of the 
obtained by quenching with the hardness pro- carbide from its state of solution in the y iron 
ducod by plastic deformation (‘ cold w'ork ’) of the austenite has only just begun, and the 
and with the hardness of such substances as <*irhid(‘ juobably exists in a separated form 
glass. It is interesting to note that both quench- only on the cleavage jilanes of the original 
hardened and work -hardened metals are soitened y iron e.rystals. When the rate of cooling has 
by tempering and annealing, and that when been somewhat slower, however, the ftejection 
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of the carbide, as well as the allotropic trans- The first class of the special steels are those 
formation of the iron itself, are allowetl to go containing relatively small proportions of 
somewhat further, and as a result a further the added elements ; these possess a simple 
transition product is found in the micro- structure of ferrite and pearlite, very similar to 
sections, lliis is the dark-etching body known that td pure carbon steels, although ditforing 
as ‘ troostile,’ found in oil-hardcni'd steels, and I in minor details ; their mechanical properties 
particularly in those qiicncliod at the tempera- I are frequently markedly superior, and notably 
ture of the thermal transformation. Jn this | those containing nickel, chromium, and vana- 
constituent the rej(*ction of the caibide iHjdium arc finding much technical application, 
practically comjilote, but- the carbide is in a I'lie great value of the nickel and nickel-chrome 
state of extremely lino division, according to ' steels of this type lies in the fact that by heat- 
some views, indeed, m a stale of ‘ colloidal treatment, such as quenching in oil from such 
solution’ or suspension in tlic iron (Heiiedieks, ja temjierature as SliO'l’. followed by tempering 
Journ. Iron and Steel Inst 11)05, ii. 1152, and i at or near OOG'd. they attain exeellent physical 
1908, ii. 217). Jin troostile it apjiears jirobable i jirojicrties which cannot be obtained in carbon 
that while some y iron is still ])rosent and a i steels. This is jiartly due to the action of 
eonsiderable amount of hard amorjihous non is 'nickel and eliromium m not only lowering the 
present as cement surrounding the inmute critical points of the steel, but m retarding the 
a crystals, yet those crystals have had time to j rate at which the steel undergoes its trans- 
grow to a eertain extent, with <hb result tJiat 1 formations. This makes it possible to ‘ quench ’ 
steel containing troostito is distinctly softer satisfactorily with less lisk of fracture and to 
than that consisting entirely of martensite. ! obtain good results fioiii heat-treatment even 
When the quenching or tempering is so ad | listed in large masses of steel winch can never be made 
that the whole of the y iron has just disappeared, to cool very rapidly. The second class of the 
ihe jiroportion of troostito vouhl attain its alloy steels show a striioture resembling that of 
maximum, this being the state of terniiercd steel martensite ; they are hard and jiractically un- 
oallcd ‘ osniondite,’ by Ileyn (Ileyn and Bauer, | workable, but their existence is utilised m certain 
Journ. Iron and Steel Inst. 1900, 1 . 109). Further special cases, as in the production of case- 
tempering, or still slower cooling, leads to the hardened ob|eets without quenching in the 
appearance ot a furthiu transition product/, cementation of certain grades of nickel steel, 
which is not veiy sharjily di(Ter('ntuited from ; 'I’he third class ol alloy stoi Is ari' tlio.se containing 
troostite on the one hand, and from pcailitc* I stdl larger proportions of alloyed eleiiiciits, as, 
on the other. 'Phis is known as ‘ sorbite.’ fieri' for example, a niekel steel cuntaiTiing about 
almost the whole of the iron has reached the | 25 [i e. ol nickel, 'J'licy exhibit a simple poly- 
a stage, and the oaibide has begun to segregate ■ lu'dral stnieture, which is that of austenite, but 
into masses which are at first too minute to lx* in this case tlx' solid solution contains the alloyed 
seen under the microseope ; but with furthci' I elements as well as tin* y iron and carbon, I’heso 
tempering, or less vigorous cooling, tlic segrega- [ steels are non-magnetie, and possess remarkable 
tion of the carbide reuclies the iioint wliere it meclianieal properties, notably a high degree of 
can be resolved under the microseojie into ductility combined with gri'at tensile strongtli. 
granular or laminated pearlite. ISteel eoiitaining | In some case.s, how'cver, they jiossess the peculiar 
sorbite is not really hard in the ordinary sense, j jnoperty of being converted into steels of the 
althougli it possesses distinctly greater hardness j previous class (martensitic) by mechameal W'ork ; 
and tensile strength than the same steel in the j such a steel, wlien first cut by a saw, for instance, 
poarlitic state. Kail and other comjiarativcly is quite soft, but it rapidly hardens under the 
low-oarbon steel is sometimes so treated as to i tool, until it can no longer bo cut at all. This 
render the carbonaceous constituent sorbiiic, j property is, however, confined to steels lying 
and in this condition the steel exhibits sjiecially I near the border line of the two classes. A 
valuable physical projierties. ! further increase in the proportion of the alloyed 

The hardening of steel may be sumiiiarised ' elements brings the ^^eel into the fourth" class, 
metallographically as follows : j in which the presence of a carbide of the alloyed 

* ^ Martonsde or clement can be detected in the micro-structure. 

Fully hardened steel- ^ au.stenitc inariensite For most general purjioses such steels are useless, 
Moderately liarJeneJ I ^ ' but cerUin of are extremely vaJualle for 

or slightly tenijiercd j use as high-speed cutting tools, his highly im- 

,t I Troostito With <-ithe. P^rbint type of alloy steels cannot, however, be 

U mptred steel orsorhite, d'seussod in detail here It can only be men- 

Slightly hardened orl s . ' ordinary carbon steels the 

miwli if>tnnf.rArl I ' I temperature required for tempering, and there- 

mpcrcci ) I ^ 

A large and increasingly iiniiortaiit class of | special steels can be made to withstand tempera- 
alioj^s are those produced by the addition of I tiires as high as a dull red heat without losing 
various metals, such as nickel, ehronmi in, i their hardness; they are thereby enabled to 
manganese, and the rare metals such as vana- | mamtain their cutting edge at speeds which 
ilium, tungsten, molybdenum, and others, to iron ■ render the tools almost red liot. The maimer in 
and to certain grades of sleek The metallo- I which the presence of the alloyed elements effects 
graphy of those steels is, however, so complex , this liehaviour can bo approximately understood 
that it cannot be described here. Broad^ I wJien it is mentioned that the critical points of 
speaking, those ‘ special ’ steels may be divided . an ordinary carbon stool are to some extent 
into four large classes, the class to which any displaced, according to the temperature to 
jiarticular steel lielongs being dopondeiit upon which the steel has last been heated. The 
the total proportion of alloyed elements present. ef an alloyed element not only itself 



. METALLOGRAPHY. 


301 

displaces the normal position of the critical I of ‘ overlicated ’ steel. To some extent this 
points — in the case of nickel steels, for example, j coarse structure may be removed by heating the 
extending the range of stable existence of y iron i steel for some time to a temperature just above 
down to the ordinary temperature — -but the j the upper critical point, and then cooling it some- 
alloyed element also increases the extent to I what rapidly through the critical point down to 
which tho critical points can be displaced by j the ordinary temperature. A myre clTcotive 
heat treatment. In the case of high-speed tool j method, however, consists in exposing the stec'l 
steels it is found that by lieating tho steel to a ! to hot working (rolling, forging, &c.). This 
temperature of 12(X)" or higher (a white heat), I process deforms the existing c rystals in a manner 
and allowing it to cool m a current of air, the j dc.seribeil below, and these deformed crystals 
critical point <jii next heating la raised to so high ' arii unstable, «.c. crystal growdh starts afresh 
a temperature tliat a dull red-heat does not I in them, and can no longer follow the previous 
affect the ‘ tera])cr ’ of the steel. I outlines : the result is an entirely new and mut'h 

1’he micro -structure' f)f sle'cl has so far bt^en | more minute system of crystals. Tho exact 
described as the result of eit her ‘ normally slow analogue of this jirocess has been watched, in the 
eoolmg ’ (ir of quenching. For the steels con-' case of lead, taking place at the ordinary 
taimiig higher jjroportiona of earhon this elassi- { temperature. 

fication IS praotifaJly suihi'ient, but for the elass j For the mere removal of tho hardening 
of ‘ mild ’ steels containing up to (t'70 p.c. of | (dlects of ‘ cold work ’ annealing temjieratures 
(;arl)on the effects of quenching ncc'd scarcely be between and 7t)t)°('. arc frecjuciilly used, 

considered, except in tho ease oi the ‘ sorhitic ’ | jiartienlai'ly as tlu'se ai(^ found to leave the sit'd 
steel mentioned a hoV('. On the o1 her Jiand, lor j softer than higher annealing temperatures, 
these steels the temperature and duration ol | 'I'he use of these tem])eratiirt?s, however, entails 
iuuieahng, and tlu' apfilicafion of work hy 1 serious disadvantages. I’lio very soft state of 
rolling, pressing, or lorging is of vital importance, I tho sti'i'l when tlius annealed is duo to a very 
both to the micro-sti ucturi' .nid tothe mechanical I h*w ehustic limit wliudi- m viiiy low carbon 
bdiaviour of t he. mateiial. Mct.allograjihie, j sti'cls a])pro\imates to that of annej^h'd pure 
methods have cleared up the greater part of this | non. 'I'he reason is that annealing in the tem- 
lickl, hut only geiu'ial results can he mentioned. ! perat uro range just below tlie. critical point, Ac, 
'rhuH it m<i,y bo taken as a fundamental iact that has t he effecd. of allowing t he lameilae of eementite 
coarse and well-defined micro-structurc's imply which (u\ist in the peaihte to separate and to 
undesirable mcchanieal jirojierties, cspi'cially as form small granules or globules, which — on 
regards behaviour to shock, vlnle a line, close prolonged annealing — coalesce into larger gloh- 
structuro offers the best piospeet of good iiles. In this form, divorced from its former 
quality in tho metal. It is, however, a universal , dose union with the ferrite, the eementite can 
tondency of crystals forming an aggregate such ' no longer exert its stiffening and strengthening 
as iron or steel, to grow ; i r. certain of the effect on the surioiimling lernte, ami the steel is 
eonstituiint crystals of the aggregate teml to ; reduced to the state of iron in which globules 
increase in sizi' at ilie expi'iise of their lu'igb- of eementite are uselessly embedded. Siidi 
hours. In tliy case of sndi comparatively , over-sotteiuMj steel can, however, readily be 
‘refractory’ metals as iron or steel, tins growth brought into a very satisfactory cemdition by 
of et ystaLs is ntl, ot exceedingly slow at ordinary ‘ normalising ’ it, t.r. heating to DOO^C. followed 
tem])eratures, altliough iii the ease of J«‘ad by cooling in air. 

( lowing and Rosenhaiii, The (‘rystalhne Struel.uie Another class of phenomenon sometimes 
of Metals, .second jiajier, Phil. I'rans. A, IhO(l) occurs in very mild steel when annealed at these 
and brass L. Guillct, AUiages Metalliques, low tempc'ratiirea after mec-banical deformation 
ch. X.), ^uch growth takes jilaee mi'iisurably evc'U (‘cold woik’). This is known as ‘grain 
without the application of heat. When iron or growth ’ (.see Sauvi'iir, Note on tho Crystallino 
steel is heated, however, the tendency fiA' crystal ! Growth of Ferrite below its Thermal Critical 
growth rapidly asserts and, indeed, it is Range. Pi oc, of the International Ass. for Test- 

to this process of growth, or of ‘ re-cry stalhsa- mg Materials, Sixth Congress, 1912, ii. ; Chappell, 
tion,’ that we owe tlie jiower of annealing or Jourii. Iron and Steel Inst 4914, i. 4U0; 
softening metal whicli has been rendered J^ard Roscnhain and Hanson, (Journ Iron and Steel 
and brittle by the application of cold work. In Inst. 1918, i. HKl). It consists in a very rapid 
the case of steel, when the temperature of Ihe .development of large, coarse foiTte crystals, 
upper critical jioint is passed (on heating) the ' I'liis development occurs most freely in ferrite 
transformation occurs at a number of centres tree from all carbon, as it exists in pine iron or in 
which behave as centres of crystallisation, and a , steel containing httlo or no carbon. Kven in 
new system of crystals begins to grow from each ( steels contaimng as much as 0'9 p.c. of carbon, 
of these centres, although 1 k) some extent the however, bands or ‘ghosts' are often found in 
new set of crystals tends to frdlow the outlines which no carbon is jiresent, aiu^»m these grain- 
of those previously in existence. With rising growth of a dangerous kind may occur. Here 
temperature the rate of crystal growth increases, also the evil can bo com])IetcIy cured bj^ 
and the ultimate size of structure attained is thus normalising at 900‘^(k 

a function of both the time of heating and of : Cast Iron, Pig Iron. The equilibrium diagram 
tho temperature attained. When steel which and constitution of iron-carbon alloys has so far 
has been thus heated is allowed to cool slowly, been discus.scd only in reference to alloys con- 
although there is distinct tendene.y for re- , taming le.ss than 2 p.c. of carbon, and usually 
arrangement to occur on passing through ihe ; Ihiown under the name of ‘ steel.’ The alloys 
critical points, yet the coarse structure is very richer in carbon must now be dealt with ; these 
apt to persist, and if the heating has been earned are met with industrially in the shape of a large 
too far we have a coarse, weak structure typical variety of cast and pig irons, but it must be 
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remembered that wliilti the better kincis of steel 
consist essentially (if almost ]nire irdii-carbon 
alloys, the cast and pig irons generally contain 
very considerable proportions of impurities, 
such as silicon, sulphur, phosphorus, &c. In 
addition, aclargo number of these higher-carbon 
alloys differ essentially from steid by containing 
carbon in the form of grajihitc. 'Fhe equilibrium 
diagram of the iron-carbon systi'ni given in Fig. 
23 represents, as has already been mentioned, 
what 18 in reality a meta-stable condition of the 
iron-carbon system ; if sufficient time at a suit- 
able temiieiature be allowed it is jirobable that 
earbuh' of iron would di'eomposi' eomjiletidy 
into iron and g'^ujiliitc. Apfiau^ntly it is a.lso 
possibh' tor carbon (graphite) to sopaiatc 
as primary crystn Is from the molten iron-earbon 
alloys contairung over ‘3 p.e. ot earhon. ff it 
is inie as si'cuns ])rohal)le tliat in the liquid 
alloys the carlion is dissolved in the form of 
only slightly dissociated carbide, Ukui in tlicse 
high-carbon alloys the carbide (ccmciUite) in 
certain conditions, and notably in the picscmcc 
of silicon and in the absence of mangaiK'sc, is 
liable' to undcigo dccornpositioii at a tcnijiciaturi' 
near that of incipient sobdilication, om* of the 
]irodncts of decomposition being graphite, which 
thus apjicars as a solid pliasc' in tlie shaju* of 
crystals separating from th(' liquid. The 
('quilibruim diagram of this ultimately stable i 
system (Fig. 23, dotted lines) thus contains the j 
liquidus brancli corrcspunding to the scqiaiation | 
of the y iron solid solution, but this is earned 
to a eutectic point differing sliglitly Irom the 
y iron-ccineiitite eutectic, and corresponding to 
a y iron-graphite eutectic ; below tlie tempera- 
ture of this eutectic the alloys arc eom])lctcl 3 ' 
solid, and to the left of the eut(‘( tie-j)oint 
(IJ) consist ot'y iron embedded in tla* arnphitc 
eutectic, while to the right of the jioint. B they 
should consist of })riiiiary grajilnti' crystals 
embedded in the eutectic ; owing to the low 
density ol the graphite, however, this substuiue 
does not remain embedded in the liquid metal 
from which it is seiiaratod, but floats to the 
surface in the form of ‘ Kish.’ On fuiibcr cooling 
the behaviour of tliese alloys should theoretically 
lead to tho complete decomposition of all the 
cementito, including that contained in the 
y iron solid solution, but the exact circumstances 
in which such docoiiijiosition occurs arc not 
fully ascertained. Tho lower part of the dotted- 
line diagram of Fig. 23 has not, tlu'rcfore, been 
tilled in. 

In practice certain viuietics of cast and pig 
iron tend to follow the syskau tit solidihcation 
just indicated, but they rarely, if ever, do so 
completely ; whilst, if tho rate of cooling is rapid, 
and especially if the iron contains little silicon 
and much niai^ganese, the decomposition of the 
cementite is more or less completely prevented, 
and the iron cools with the formation of little 
or no graphite, forming what i.s known as ‘ white 
iron ’ ; iron which contains much graphite 
and little cementite is known as ‘ grey,’ whilst 
intermediate varieties are known as ‘ mottled.' 

Microscopically, all varioties of iron may, m 
accordance with the above, be regarded 
mixtures of steel with a certain amount of 
graphite. The ‘ skel ’ portion will have the 
characteristic structure of an iron-carbon alloy 
whose carbon content corresponds to the amount I 


I of ‘combined’ carbon, i.p. of UTulccomposed 
cementite, jircsent in the iron. 'I’hus an iron 
' containing, for instaucc, 0*3 p.e. of ('oinbiiicd 
I carbon, iogi'tlicr with 3 jkc. of graphite (total 
j carbon 3T) pc.), will show a structure of fernte 
i and pcarlitc corresjionding to that of a 0*3 p.e. 

I carbon steel, together with a considerable 
j aniouut of gra])bitc. A typical example of the 
! micro-structure of a ‘grey ’ iron of this type is 
; shown in Fig. 20, Flate II., but the presence of 
; impurities, jiarticularly of phosphorus, very 
; materially affects the a])jiearance of such micro- 
; structures, smci' the phosphorus forms, with the 
j iron, a dclinitc compound I''c.tlb and this coiii- 
])ouud forms with the iimi a wi'll-dctincd and 
I ( haiactcMstic eutectic, winch may be mistaken 
for pi'arbte under tla* micmscopix This ])hos- 
i [iliide eutectic can, however, be r ‘adily distni- 
! giiisbcd liom ])(*arlite by exposing the spocinicii 
i to a inodi'i’iiti' degree ot la'at which causes a 
I slight sill lace oxniation, and in eoiiseiiucnee a 
j differential tinting ot the \arious constituents. 

Jnereasnig total carboii-eonti'iit, with con- 
stant amount of combined carlioii, meiely 
causes an incn'nse in the amount ot gra- 
jihito found 111 (be mu ro sections ; an iii- 
(.rea.se m the projiortion of (onibiued carbon, 
however, causes the ‘ sted’ portion of the 
non to mo\c up tlu* carboii-scalc, lirst ])r(i- 
ducing an increase ul the amount of pearlit(% 
and filially the ujipcaraiiec of ci'mentitc in place 
of fernt(‘. In tlu' case of * wbiti* ’ irons jirodueed 
by dulling bigh-eaibon c-ast iron, the gra])hite 
disappears (“iitirdy, and the resulting micro- 
structure consists ciititdy ot cementite and 
]ieailite, together with the c oiisiitia'rits duo to 
iiiijiuritu's. As regards medianical [iroportu's, 
it IS obvious that the |iresence of jilates of 
graphite, destroying the continuity ot the 
‘steel' matrix, hugely leduces *tli(' stiengtli of 
the material as comiiari'd with a stci'l of eiiiial 
, combined caihon; on t-lu* other hand, tlu' iron 
j wiirhe ‘ soft ’ or ‘ hard,' according to the micro- 
|stiiicture of the ‘steel’ matrix, an iron con- 
I taming lernte and pearlite -will be much softer 
and l(‘ss brittle tlian an iron containing cementite 
and pearlite. These latter constituents are 
rc.s])onsd)lc for the great hardness of ‘ chill ’ 
lion castings. 

Foi certain purpores castings are treated in 
such a manner as to be (h'pnvcd of their graphite 
content more or loss completely by a process 
kn(#wn as the jiroduction of ‘ malleable ’ eastings. 
This procc.sH consists in heating or annealing the 
c-astmgs for a considerable time, generally while 
packed in an oxidising material, such as iron 
oxk’c. To a considerable extent decarburisation 
occurs, while much of tho combined carbon is 
dop(/Sited ill the form of a very finely divided 
graphite known* as ‘ temper carbon.’ The 
softening effect of the process depends partly 
upon the actual removal of carbon by oxidation 
and prtly upon the effect produced by prolonged 
heating upon the arrangement of the graphite 
which remain.s in the metal. While in ordinary 
castings it is present in the form of plates and 
veins, in ‘ mallcabh' ’ castings it is found in 
small nodules and patches wliich do not affect 
the strength and ductility of the material to 
anything like so groat an extent. 

A converse process, for producing surface 
hardness in aiiieles made of ix’on or mild steel 
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is that known as ‘ case hardening.’ In this 
process the iron or steel is heated for a consider- 
able time in contact with caT’bonaceous matter, 
])r('forabl;y also containing nitrogcnoiiB matter. 
'J’he iron takes np carbon and forms a hard 
external layer rich in carbon, which, therefore, 
has the power of being hardened by quenching. 
]\Iicro- sections of case-hardened articles readily 
show tho depth and nature of the hard ‘ case,’ 
and the structure of the undoi'lying softer and 
tougher material. 

Deformation, fracture, and fatigue in metals. 

Microscopic metallography has made it possible 
to determine the mechanism by which metals 
undergo ]ilastic deformation, and incidiaitally to 
explain the mode of Iraeiure under ten.sion, 
shock, and ‘ fatigue.’ It has already been 
indicated that when a piece of metal is foroi^d 
to change its shape, as by hammering, rolling, 
pressing, &c., the (ann [lonent crysinls of the metal 
also undergo a corres^ionding change of shape, 
although subsequently if the temperature is 
high enough to permit of sullicient molecular 
mobility m the particular iiudal in question, the 
crystals tend to roarr.uige thi'inselves into more 
normally sliapcd forms. It a bar of metal 
be forcibly stretclual, Hio const itneiit crystals 
wilbbo found to be stretched also. Thus cold- 
rolled iron shows the structuii' illustrated in 
big. 110, Plate 11 , wluu'c the Icinte crystals arc 
seen to be leniuail.ir in sc'dion in place of the I 
normal polyhedral shape. The manner in vvbuh i 
metallic uystals nndeigo such elianges (»1 shajx' 
becomes (‘videiit- if a. sin face of a sjieciinen of 
metal is jireparisl tor mierosi ique ('\amination 
{i.r. polished) bi'fcyre the piece of metal is sub- 
jected to the eliangi' of sha])e. d'lie crystals 
which, before didormation, a])jK“ared as jiraeti- 
eally featureless ])olygonal areas, after tin' 
apiilication of lli^ strain, are seen t.o be eross- 
hali'hed by systems of tine liiu'S. in the case 
of highly jjlastie metals, such as lead or copper, 
the lines are si'cn to Ik; eliaractcnstu ally stiaight 
and regular, while in the hardi'r metals, such us 
iron, the lines apjicar more or loss bra.nchcd 
and curved. It has been possible, however, 
to obsor\c the formation of these lines in iron 
at high temperatures (up to 1 lOO") (Rosenhain 
and Humfroy, The (!rystalline Stnielure of Iron 
at High- Temperatures, Proc, Hoy. Soc. HHO), 
and in those eircmmstanccslhey are as straight 
and regular is those of cup])ei. The typical 
ajqiearanco of these lines is shown in Fig. Ill, 
Plate 11. Thi'ir nature has been elucidated by 
a long scries of experiments, including the 
preparation ol ti-ans verse sections of sjieeimens 
of metal upon which the lines had previously 
been devedoped. The coiieiusion arrived at is 
that they are in reality minute steps in the 
surface arising from the fact that the adjacent 
portions of the crystal have sUp])ed over one 
another along tho cleavage or gliding planes of 
the crystal, ft may be acccjited as abundantly 
proved that the polygonal grains seen in the 
micro-sections of metals are true crystals, 
4 |)os 8 e 8 sing all the essential features of crystals 
as regards the regular and symmetrical arrange- 
ment of the constituent molecules, although 
these crystals have growni together into an 
aggregate without allowing tho individual 
members to develop their characteristic external 
shape, '^ese crystals, however, may be 


regarded as built up of minute elements or 
groups, much as a .slack of bricks is built up of 
individual bricks. It has been shown (Kwing 
and Roseiihain, The (h-ystnlline Stnielure ol 
Metals, Jlakeriaii Lecture, Phil. Trans. A, 1890 ; 
Ivosenhain, Deformation and Fractu|c in Iron 
and Steel, Journ. Iron and Steel Inst. 1900, 1. ; 
Rosenhain and Humfroy, The Crystalline Struc- 
ture of Iron at High Temperatures, Proc. Roy. 
Soe. 1910) that these crystal ‘ bricks’ or units 
are themselves never deformed or changed in 
shape (excepting the tenqiorai y ‘ elastic ’ defor- 
mations which are left out of consideration here), 
and that the ciy.stals which aie built up of these 
units aeeommodab- themselves to changes of 
shape imposed upon them by alhnviiig the 
‘ bricks ’ to slide over one aiiollier along at least 
three si-ts of gliding ])lanes. AVherc tlieso planes 
of slip reach the surfaci- of a crystal forming 
part of the ^ircviously ]iolishcd face of the 
specimen, the result is the formation of a 
minute stc]) in the surfaiie, and tho short, 
sloping surtaeo of such a stc]), wlien viewed 
by ‘ normal ' light, ajijiears as a iiiu; rlark line. 
Illumination by oblique light., on tin* otliei- 
hand, show's the lines slumiig brightly against, 
the dark background whenever the short sloji- 
ing surfaces are turned so as to faci' the incident, 
light. On account of their mode of formation 
these lines have been called ‘ slip bands.’ 

In (•('I'tam metals, notably in copjier and its 
a alloys, and also in lead and many other 
plastac metals and alloys, the process of deforma- 
tion by slip as just described is also accompanied 
by what is know n as ‘ mechanical twinning.’ In 
this jirocess a certiun jiortion of the crystal, in 
ordi'i to nceommodate itself to the circumstances 
(Tcat/cd by the application of plastic strain, 
sw'ings over into an entirely new orientation, 
W'hndi IS, how'ovor, definit.oly related by crystallo- 
graphic laws to the oiicntation of tho parent 
crystal ; this pioccss usually occurs in a series 
of jmrallel bands. ^J'ho presence of crystals 
show'ing regular alternating bands of similar 
orientation is always an evidence of ‘ tivinning,’ 
and since twinned crystals rarely occur in cast 
metals, this feature is generally ovideneo of tho 
application of work to the specimen in which it 
appears. Where deformation by slip and by 
mechanical twinning occur together, the slip- 
1 bands change their direction on passing the edge 
; of the twinned area, and a stair-like shape of 
I the bands results. 

The process of didormalion by slip obviously 
implies that the metal retains its tmly crystalline 
character after it has undergone a permanent 
change of shape, and it, is found that, unless the 
amount of deformation lias been very large, this 
is actually the case. 

A furthei series of phenomena must, how'cver, 

I be considered ; these relate to 4.he changes 
I which occur in the structure of the crystal at 
' and in the immediate neighbourhood of the 
I surfaces upon which slip has taken place. It 
I has been shown that when tho surface of a piece 
of metal is rubbed or polished (G. T. Beilby, 

' The Hard and Soft State in Metals, Phil. Mag. 

: 1904 ; G. T. Beilby, Hurter Memorial Lecture, 

' J. Hoc, Ghem. Ind. 15, 1903), some of the mole- 
I cules or atoms in the surface layer of tho metal 
arc tom away from their crystalline arrange- 
ment, and are left upon the surface in a state 
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of relative freedom, which allows them to behave , 
in a manner resembling a thin film of viscous j 
liquid. It is by the spreading out of such a | 
film under the action of pressure and of polishing 
media, that polished surfaces are formed. 1'he 
material of this thin surface film, however, is no 
longer in* the crystalline condition ; its con- 
dition resembles that of an exceedingly viscous 
liquid, and is therefore to he regarded as being 
truly ‘ amorphous,’ and it 1ms been shown that 
in this amorphous condition, although tem- 
porarily mobile, the matenal is much harder 
and also much more brittle than the same sub- 
stance in the crystalline stale. Now in the 
interior of the erystals of a metal which nndei- 
goes deformntftin by sli[), nu'lal surfaces move 
over one anothm undei veiy eonsideiable 
])ressiires, and it follows that ,in action very 
similar to that which occujs njton a suifa((' 
which is being jiolisbcd will t.ikc^ilaci* on c\cry 
gliding plane; i.c. a thin layer of al<niis will 
he disturlasl fiom their noinml pi»sition in the 
crystalline arraiigenicjit , and a layei ol tem- 
porarily mobile, amor])lioiis mat.eiial will be 
formed. Now^ it has been .shown that li Ibis 
layer IS thin, the direetivi' foiei's of the adjacent 
erystalline sysloms are suHicient. to cause the 
disturhed atoms to reassiime the oni'iitatioii 
of till' system, and in (hat ease Ihc' surface on 
which slip has takc ii phice may be said to have 
‘healed up.’ Oii the olhei hand, two dilleient 
cases may occur. Jii thi' liist easi' thc' jdoce.ss 
of slip may be earned so lar that tlu' disturbed 
layer becomes too thick to allow of eomjihde I 
and. alnio.st imiiu'diatn recryst.allisation, and 
then oaeh surface of sliji remains as a spc'cic's of 
‘.scar’ w'lthin the metal, taking the* loim of a 
thin layer of hard, amorphous matenal The 
jiresence of those hard layi'rs tends to leiidei 
the metal both harder and strongei, but also 
more brittle, and it is well known tliat this is 
the universal result of the ajiplieation of cold 
work or jdastie deformation to ductile metals. 
If the process of plastic deformation is earned 
to an extreme, as in the hammering of thin 
metal foil, a large proportion of the metal may 
ultimately be present in the amorphous con- ; 
dition ; but this condition is un.stable, and a 
very moderate amount of heating i.s sulheient 
to induce reerystollisation. This stage, how'- 
ever, is only reached in sja'cial circumstances ; 
more usually the apjilioation of stress results 
first In a ('crtain amount of plastic deformation 
(by slip), folhnved by a local and rapid deforma- 
tion — also by slip-— which culminates in fracture 
at some point where the amount of slip has 
carried the adjacent parts a crystal out of 
contact. The fracture resulting from such a 
mode of breaking has a fine silky fibrous ajipoar- 
ance, owing to the fact that all the minute 
surfaces of slip along wdiieh fracture has occurred 
are inclined at small angles to the direction of 
stress, but the metal has remained essentially 
crystalline; indeed, apait from non-metallic 
inclusions, such as the ‘ cinder ’ in wrought iron, 
there is no true ‘ fibrous ’ structure or condition 
in metals. 

The second class of circumstances which do 
not permit of the immediate re -crystallisation 
of the layer of disturbed atoms, which are 
formed on surfaces of slip arise when the stress 
which has produced a small amo.unt of slip is 


reversed ; such a reversal of the stress will, if it 
comes soon after the first occurrence of the 
slip, cause the reversal of the slip itself, and 
the layer of disturbed atoms will still be in the 
mobile condition, and will serve as a species of 
lubricant to facilitate the return slip. At the 
same time, the reverse motion will produce an 
increase in the number of disturbed atoms, 
and the disturbed layer will grow in .thickness 
with (‘aeh rcvm'sal. After a large number of 
such nwcrsals of stre.ss some of this disturbed 
matenal will bo forced — in its temporanly 
mobile slate — out oi the space between the 
adjacent sections of the crystal, and what W'as 
hefoie a suitaci* slij) will thus become an actual 
fissure, which spreads rajadly through the whole 
mass, ’riic result mg fracture will show compara- 
t'vely large bright facet, s n'prc.seiiting the plane, 
on which slip ha.s oi'cuncd, so tin t the fracture 
amII have a ‘ crystalliru* ’ ajipearancc, although 
the met.al itsi'lf is neither more nor loss erystaHine 
than it was at tlu' begiriiiiiig. I’he view th.it 
, metals ‘ heeome crystalline ’ under alternating 
stresses or under vibration is thus enlirely 
' w’lthont loumkation. Jt should be said that the 
('Xjilanation ol the manner in which metals 
fraetiue uiidei ‘ latigue,’ ? e. under the nqieati'd 
alternation oi stre.ssc8 which would tail to fracture 
th(' matenal at a single jiiolonged ajijilieation, 
as it has heeii given heic is no longer to la* 
legaided as of spi'cnlatne eharai'ter, .sinoi’ 
('vruy jionitintlu' exjilanalioii has b(>en definitely 
observed and \eiilied iy seieial indt'jx’mh'nl 
observers (Ewing and lininfiey, ’J'ln Fraetuie of 
Metals iimh'i' Kepeated Alternarions ot (Stress, 
rill! Trans A, 10(k3, 20(1 ; Stanton and Bairstow , 
'I'lie l{(‘sistan<e of Iron and Steel to Reversals of 
Din'ct Stie.s.s, Pioe. Inst ('.E, 1007). 

'I'he eone('j»tion oi the part wliieli amoiphuiis 
metal plays in the whole meehantsm of the 
eolu'sion ol eiy.stalluie aggregates in general, 
and of metals in parlienlai, has in leeeiit yeais 
received eonsiderahle extension by the develop- 
nfent of what has come to be known as the 
‘ Amoiidious (VM)ient’ theory (Hosonliain and 
Ewen. Intel crystalline (’ohesion in Metals, 
Jonrn. Inst. M(*tals, 1012, [viii.] 2, 140-18.0; 
same authors and title. Second Rajier, Journ. 
lii.st. .Metals, 1013, [x.J 2, 110-140; Rosenhain 
and Humfrey, ’khe Tenacity, l)i-formation, and 
Fraetuie of Mild (^.eel at High O’emperatures, 
Journ. Iron and Stcwl lust. 1013, [i.] 210-271 ; 
Rcngougli, A Study of tlie Properties of Alloys 
lA iligli Temjieratures, Journ. Inst. Metals, 
1012, |vii.] 2). According to this view, when 
a metal solidifies from fusion, or undergoes 
recrystallisation in the solid state, the crystals 
grow outward from their respective centres 
1 or nuclei, ultimately limiting each other by 
ajiproaching to contact ; actual contact between 
adjacent cryslafs, however, only occurs at a 
few points, a small residuum of the metal being 
retained in the amorphous or under-cooled 
liquid condition filling the minute interstices 
Ix'twcon adjacent crystals and acting as an 
amorphous cement, w^hoso relatively great 
strength and hardness accounts for the speciar 
strength which is known to reside in the inter- 
: crystalline boundaries in pure metals. That 
such a residue of uacrystalliaed materials 
should remain in the crj^stal junctions is ascribed 
to the counterbalancing effect of# opposed 
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or^'siattine onenting forces emanating from the 
two adjacent crystals, but considerable difference 
of opinion exists, even among the supi ^ ^rs 
of the theory, as to the probable thic1rapi|y^of 
these hypothetical layers of amorphous cement. 
Although at first put forward essentially as a 
working hypothesis to account for certain 
special facts, so large a volume of evidence has 
since been brought forward in supjiort of the 
theory that cousuhirable importance must now 
attached to i(, particularly as it is found that 
this concc})tion brings together under a single, 
simple explanation a very wide range ol other- 
wise appal ently unconnected facts, siiclt as the 
modes of fracture of metals both at tlie oidinai v 
tempi'iatures and at tcmperatuies near their 
melting-points, their behavioui va lacuO, and 
the action ol certain gases on metals. j 

The nuTliods of metallography, although j 
they have so fat been described laigely fiom the > 
jioiiit of view of alfording*a elcaiei insight into j 
the nature and eonstil-iition of iiK'tuls and alloys, j 
are also capabh' of diieet piaetical applications, j 
These apjiheations include, in the first place, the 1 
conti-ol of metallurgical ojierations, paiticiil.iily j 
of tlu' tempeiaturt'H cinj'loycd in tlieimal and i 
meehamcal treatment of all kinds and the j 
inve.stigatio]i of neiv alloys, 'rhere is also an i 
imjioitant held of usebdness for these methods, ! 
and more especially foi tlie nueroseopie examina- 
tion of iiu'tals 111 conjunction with exhaustive 
meehamcal tests, in the investigation of ea.Hes of 
failure or breakage either uiidei test oi iii sei vice, 
irieliidingsuch questions as apjiarentiy luyKlerious 
fraetiires, unduly raj ad weai or eoirosion and 
similai pioblenis. Although it -would la' too 
much to claim that me.tallogr.nihie met|iodK a.ie 
always capable ol linding tlic coiii-ct solution of ^ 
problems of this class, a great de.d oi light can i 
often be thrown ujion the causi's which have led ! 
to tlie lailure, and, in many instaiKi's, the tiu(“ I 
cause of failure can he discovcieil. A considia- j 
able number of such investigations have hemi 
di'senhed (W. Koaenliam, The Study of Jbeak- | 
ages, Engineering, Sejit, 19tl8 ; W. Koseiihaiii j 
and Jf. Hanson, A Cause ol Jf littleness in JMild 
Steel Hoiler Plates, Journ. Iioii and Steel Inst. 
11)18, L), but the greater number are — for 
obvious reasons — never allowed to readi the 
public. It is, however, to be borne in mind 
that it is largely by the investigation ol lascs 
of unexpected breakagi; or other failure that 
fresh knowledge on the jiroperties of opr 
engineering mateiiaihj can be obtained. In a 
number of actual cases it has beep found that 
the metal had been damaged by modes of 
treatment whieh had beini regarded as harmless. 
Metallography is therefore a science which has 
not only placed in the hands of metalluigists a 
mass ol valuable and detailed 4vi^ow'ledge of the 
internal structure and eon.stituiion of metals and 
alloys, but it has also furnished them with 
methods of investigation wiueh are jirobahly 
destined to elueid.ite many of the still ‘ iiiysle- 
nous ’ features lu the bc luiviour oi the mateiials 
of engineering. W. ]l. 

METANIL YELLOW r. Azu- oonouitiwa 

MATTERS. 

JSU3II 

METAHILIC ACID Prepared 

by sulphonating nitrobenzene and reducing the 

VoL. IV.— r. 


uitrobcnzeiio sulphonio acid by nun turnings, 
neutralising with milk of lime, iiitcrmg, and 
evaporating. Used for making metanil yellow. 
METARABIN Gums. 

METAXYLORCINOL e. Phenol and its 

IIOMOLOQUES. , 

METELLAGIC ACID. Metcllngie acid 
G14IIJG5 is prepared liy the oxiilatioii of m- 
hydroxy benzoic acid w ith jiutassium persulphate 
and sulphuric acid. J t ei ystallises from py ridine 
m colourless prismatic needles, and wlu'n dis- 
tilled with zme dust gives fluorene. The 
acetyl derivative eolourless 

needles, melts at 26l)''-li71“. According to 
PiMkni and Nicrciistein (('heyi. ISoc. 'Trans. 
87, 1425), iiietelJagic is related to cllagic aeul, 
and po.ssesses the loliowiiig constitution : 



OH 

METHACETIN. Mel boxy acetanilide 

^NJJt'OC'll., 

An antipyietie and analgesie. 

METHAL V . iS'pcrtnauli, art. Waxes. 
METHANE. MclhyL hydndc {v. Methyl 

CUMrOUNDS). 

METHOXYBENZENE. >SVe Anisoee. 
p-METHOXYBENZENEDIAZO CYANIDES 

r . Diazo- comcounds. 

METHOZIN. A syiioyin for aiitipyiiiie. 
METHYL, GII3, is a univalent, compound 
I ladielo, not known in Hie Jri'o state. 'riu‘ com- 
pound discovered by TTanklaiid and Kolbe 
((;iicm. Noc. 'rian.s. 1, bO) was called methyl, and 
liehoved to be the free base, and oven when its 
moieeulo was letogmsed as dimethyl (CUiajj, it 
was at hist thought to he distinct iiom ethane, 
the gas obtained by JHanKlaiid from ethyl iodide 
by heating with zinc and water. It was, how- 
evei, proved to bo identical with that body by 
Scboileminer (Ghem. vSoc. Trans. 17, 202). 

Methyx Comtounds. 

Methyl acetate v . x \ lLi/l aaLaUs , art. Acetic 
Acm. 

Methyl alcohol GiiaUH. tidhyl hydraU, 
InjdioxymdliaitCy wood spirit, pyryxylic spirit, 
wood mrphiha, ‘ Cloluinbian spint,’ ‘ Colonial 
spirit,’ ‘Manhattan spirits,’ ‘ kakol ’ (pro- 
prietary names in IJ.8.A.); ‘ greenwood spiiits ’ 
and ‘standard wood spirits’ in Canada, ‘ pro- 
1 spiiit ’ m Germany (Gei. Uolzycist). ii.p, 

I ()4T)(P/7bO mm. (J. Gyr, Her. lt)08, 4322); 
04*90^’ (eoir.) (4'liorpe and Kodger) ; ap-gi'. 
0’790472 at (Iviasoii and JNorlin, Chem. 

ISoc. Abstr. PJOb, i. 821 ; Gyr, Pef. 1908, 4322 ; 
Horosehewsky^ and Hoschdestvensky, Ghem. 
l8oe, Abstr. 1909, i. 8(i8); 0-81000 at 0°/4° 
(Young and Purteyq Ghem. Boo. 'Trans, 1902, 
735); m.p. 94-9" (Ladenhurg and Krugel) ; 

! Il.G.-^ 170-0 (Btohmanii, Kleher, and Langbein, 
.J. jir. CJiem. |u.] 40, 341); il.P. — (Jl-4 (S., K., 
and L.). 

•Boyle found that the liquid obtained by dis- 
tillmg w’ood eontauied two constituents, an acid 
i portion and a neutral spirit. Various conjee- 
1 turcs were made as to the natuie of this 

X 



m METHYL. 


‘ spirit,’ the first iiiveHtigation of which was 
made by Dumas and Peligot in JS34 (Ann. Chiin. 
58, 5 ; 61, J93). They gave it the name ‘methyl 
aleoliol’ {fjt.t0u, wine; ijXtj, wood). 

Funnatwn, — By tlie dry distillalion (d wood, 
of beet-fuigir.r niolasses (Vincent, Bull. Boe. ehini. 
[ii.] 27, 148), or of calcium fonnaie (I'aterno and 
Lieben, Aniialen, 167, 293; Friedel and »Sil\a, 
J. 1873, 526). Methyl alcohol occurs in the free 
state and as rnetliyl esters in plants ((lut/tul, 
Maquenne, (leuthei), iorming various essential 
oils. It is also recoveied from the wasti* Avatei 
of the stf^amed wooil pulp m pajier maiiufaetnie, 
by allowing the Iiqiiois to etmciMitrab' through 
rejieated use and siihs<'() iicnt ly distdling (AIKiei, 
l^jig. Bat. 1514, 1890). Ai-cordtng to 'rakaliashi, 
t.'unke, and \'ain;izaia (,J. Anu'j‘. (’hem. Boc, 
I9J7, 3!>, 2723J ), most leimenb'd diiuLs contiun 
small quantities ol metliyl aleoliol. 

Pt( pdraiion -Methyl alcohol is j)ropared on 
the large scale from the distillate from wood, 
winch contains \ arious tarry matteiv, acid n. acid, 
and the methyl alcohol. The distillates Irom 
the wood arc allowed to .stand loi some linu', 
when the tarry, ri sinoiis, and oil\ mattcis ])i( - 
eijutate ; th(" siipi'niatant iKpiid is then tilteie<l 
through gra\('l into aiiothei vessel, from which 
it IS either distilled at once oi after pievious neu- 
tralisation with lime. 'I'lie drstillation is elbaded 
m the liist ease in eoppin- stills, and heat is 
applied by coils ol copper pqies convi'ymg steam , 
111 the second easi' boilers of sliei't. iron aie em- 
ployed, and the heat <ipi»lied by the direct lire. 

The distillate is then jmiitied by repeated 
rodistillations from euiistie lime, and lastly, from 
a little sulphuric acid (in older to remove Nli^ 
and amines). Jn some, lase.s chalk is used in- 
stead of lime, and sometime.s chalk and .sodium 
bicarbonate. 

The distillation is caira-d on in cojiper stills 
heated by steam coils, or the retorts are guarded 
by iron jackets, and licatcd ovei the lire. 'I'ho 
crude .spirit thii.s obtained is colourless, and its 
sp.gr. varic.s from 0'87 to ()'82. 

The disagreeablc-.snielling constituents are 
.sometimes got rid of by W’lldsmitb’s ])rue,esH, 
winch consists in the application of o.xuli.sing 
agents, v.q. potassium dichromatc, auled by tlie 
action of light, to the crude .spirit, by which 
means the hydrocarbons, <S.'c., are destroyed, 
and a colourless, almost odourles.s, liquid 
obtained. 

The usual yield of pynixyhe spirit is from J 
to 3 gallons from each ton of wood distilled, but 
the quantity depends upon the Lir I of wood 
employed, and also upon the proper regulation 
of the tomporaturc during distillation. 3'hc 
best yields are obtained by using a nuxturo ol 
oak, beech, and hornbeam (Hariliot, Compt. 
rend. 122, 469). 

In the United States bireh, beech, maple, 
okk, elm, and alder arc used, together with saw- 
dust and wood-waste. The wood is sea-soned 
for 1 to 2 years and cut into lengths of 50 inche.s, 
which are distilled in iron retorts at 200"-260° 
(see Wood, Desthuctivr DmoLATioN). 

Jjarge quantities of methyl alcohol arc now 
made by the distillation of vinasse (residues pb- 
taimsl by the evaporation of the .spent wash in 
the prepai’ation of ordinary alcohol from beet- 
Bugar molasses). The distillate contains am- 
moniaoal compounds, methylamme, methyl 


; cyanide, and methyl alcohol. After neutralising 
with sulphuric acid the mixture is evaporated, 
the vapours being condensed ; the.se contain 
methyl cyanule and methyl alcohol ; the former 
IS dce.ornposial by reotification over lime, and 
the distillate, whicJi (jontains dilute methyl 
alcohol, IS tlehydra ted by mean.s of lime. Methyl 
alcohol IS also lorinod m the manufacture of 
wood [Milp ami from waste esparto liquors. 

(lommercial wood spirit oonlains veiy vari- 
able ])rop<trtions ol the pure alcohol, from as 
low as 3.') p.c (o as high as 95 p.c. it CiUitains 
acetone, mi'thvl acetate, ami formate, alJyl 
alcohol, .-ddclivalc, UK’thvlamine, and often 
variou.s cnipyicumatic bodies; these have con- 
.siderablc iidiuciuie, not only upon its density, 
bid. al.so iijion its solvent [iowits for sluBac and 
otiici lesiii.s. d'lic ‘taiimgs’ cicitaiii fiirl'iiral, 
mctbyl-ctliy 1 kctoiic, ami allvl aeetnli^ with 
.small (lu.intities of paraxani hinc. The ciiido 
alcohol has a .sp.gr ot l)'79(>-() 875 at I.V5’. 
Th(‘ piircsl spirit is .dways jircfcrrcd lor use in 
l.imps as a luci, bid for the u.s(> of the varimsh- 
makcis and polishers some ol the iinpurer varie- 
iu!s, containing o.s.scntial oils, arc sometime, s 

( lioscn. 

'The follow mg jM occbs lor the jirodiictioii 

01 mctlivl .d<-oliol from wood i.s jiatcnlcd by 
K .1. Ib'.ot (US. ltd. 7135.-»2, 1902). Jn the 
desliucluc dmtillation, a prc.ssurc is main- 
taimd m Ihc apparatus slightly lower than 
that of lh(' at mo.s])lu 1 C. 'The ricnlily con- 
densabh' ga.scs ate coiulcnscii m [trimary laui- 
dcn.ser.'^, whdst the gasc's wliicl) are not readily 
conden.sabl(' are luixi'd vvdli a (.lefmite proportion 
ot steam and tlu' acid.s Ihie- set fnr are roeovered 
in a stcondait (omlcnsc'i. Tlie degree of 
vacuum and the supply of steam required for 
mi.x'ing with the Ic.ss coiidmisahlc ga.seH aio 
ol)tained by means of a sti am exhanstei situated 
beyond the primary couden.sers. d’Uis lix- 
liauster is regulated untomatically by the volume 
and tension (»f tlio gase.s generated so that both 
functions are kejit constant. The introduction 
of superhealed air, containing only a little 
oxygen and a good deal of .steam, which mcrea.se.s 
tho yield of voiatih^ products m the ordinary 
destructive distillation, is patented by Zwillinger 
(Eng Bat. 18823, 1889). 

A variant of tho fordinary method of destruc- 
tue destination of wood consists in first adding 
strong sulphuric acid. 190 kilos, of wood, con- 
taining 35 p.c. of moisture, with 20 kilo.s. of 
strong sidjihuric acid on distillation uj> to 160'’ 
and rectifying tho distillate, yiidd wood alcohol 
3 kilos,, acetic acid 7 kilos., oil of turpentmo 

2 kilos , and 40 kilos, of wood charcoal of good 
quality (Orljavaccr, Chem. J'^abrik, Fr. Bat. 
35743^ 1905). 

Hofer and Moe.st lind that a good yield of 
methyl alcohol is obtained by tho electrolysis 
of sodium acetate solution containing sodium 
chlorate (Annalen, 323, 284 ; D. K. B. 138442, 
1901). 

The conversion of methane, which often 
occurs 111 largo quantities near oilfields, into 
methyl alcohol or other commercially useful 
articles, is a problem which i.'j still undergoing 
investigation. Lance and Elworthy (Eng. Pat 
7297, 1906) claim the use of hydrogen peroxide 
(with or without ferrous sulphate or mono- 
iiersulpburic acid) and monopersulphuric acid 
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ttloiio. Von llnruh has utilised atmospheric air 
as an oxidising agent with bark as a catalyst, 
but in this case methyl alcohol is the subsidiary 
product, the oxidatioti proceeding further and 
producitig furmaldehydci chiefly. 24 litres of 
methane by tiiis jirocess, when mixed with 
180 htres of air at 4r}'\ yield in the apparatus 
described 15()5 grams of formaldehyde in 12 
hours (U.S. Tat. 8917511, 1907; scf aiso Jlaus- 
mann & Co., D. K. ]\ 214155, 1900). 

Attempts have been made to chlorinate 
jiaturnl methane under the action ol light and to 
hydiolyse the meth}’! chlorich' produced to methyl 
a’lcolio'l. but Without economic success (r/. Walter, 
I). K. r. 222919; liedtord, d. hid. Eng. Chem. 
1910, 10, 1090). Mctliyl chloride can be eom- 
]>let<‘ly converted to iiudhyl acetate by jiassing 
it over ]iorous sodium aia'tatc at about 295'" 
and ado methyl aJeoliol hy passing it over 
slaki'd lime at 200 

Vtn ificdiiov . — Accoidmg to .i nu'thod pa- 
h'litcd liy I’lpi'r and Jtotlcii ol Itcrlin (1). It. 1*. 
:{0827, 18S(»). the wood s])iritis (irst distilled witli 
lime and tJieii by fr.ietioiial distillation, tho 
acetone 1 - 1 luis lediici'd to 1 oi 2 j>.e. 'I'o remove 
the remaining .u etoiie 1 1 k‘ spit it^ is heated to |ji»il- 
ing (with lellux eondcnsei), and dryihloiim' is 
passed into it ; port ions iiu' tesli'd lioin lime to 
tone by distilling, and testing the distillate lor 
ai f'toiie l\> hie iodotoi m KMctioii ( w i u/so Itott.en, 

.1 Soc. Chmn. Ind 1901,001) 'ruatiiK'id with 
bleaihing poudei is also soim times adopted 
W'limi this icaction is no longer given the ji.is- 
>agc of the chlorine is sto])j)e<l, and the methyl 
idi olio] scjiarated by liuetioaal distillation liom 
the higdi lioiling ehlonnaled aeidoiie, and 
lied by distillatain over iinu' from traces of 
.'■hloi’ine. The methyl alcohol thus ohtained is 
peiicctly flee Iron acetone; tlu* ehloiaeetouc 
can ))c rceonvertcfl into acidonc by rcilucmg I 
agents. Methyl alcohol iiiiritied in tins wav m- ! 
vuriulily foiitains some chlorinated nnpnntifa, j 
■winch may he remo\od hy heating under a reflux j 
eoiidenser uitJi June, 

111 oidei to obtain pure methyl ahioliol, the I 
oxalic- or formic e.stm- is jirepared, and then do- I 
composed by beating wuth water (Wldiler, , 
Annalcn, 81,' 270), or ammonia {hiod/,ki and ! 
Kramer, Ber. 7, 1 194). Methyl benzoate' when j 
heated with a solution of 1 jiart sodium hydrovuh' 
in 5 parts of water yields methyl alcohol (Carius, 
Aimalei), 110, 210). Pure methyl aleohol may 
be prepared by treating 10 jiarts of commereial 
wood spirit with 1 part of iodine, and then 
adding caustic soda until the colour of the 
iodine disappears, and distilling (Rognaiilt and 
\ dlejeari, Bull. Soc. chim. [ii.] 42, 255). 100 c.e. 

of the crude spirit are digested witli 150 grams 
(ff solid caustic soda, and aftel-wirds distilled, 
500 grama of oxalic acid arc miv'od with 200 e.c. 
of sulphuric acid, and then 400 c.c. of the puri- 
fied alcohol are added, and the raixturi'- is heated 
on the water- bath ; tho crystals of methyl 
oxalate are dried by pressure and saponified by 
heating with water at 70“. The distillate is 
then dehydrated by means of baryta, lime, and 
anhydrous copper sulphate (l)ittmar and 
Fawsitt, Trans. Koy. Soc. Edin. 23, 509). 
Apparatus for the purification of wood spirit is 
best constructed of aluminium or an aliiramiuiii 
alloy free from copper. Cop^ier heavily coated 
with tin, or iron or copper lined with earthenware 


may also be used with connooting pifiea of 
earthenware. Air should be excluded as com- 
pletely as possible, as this oxidises tho methyl 
alcohol to formaldehyde, acetaldehyde, and 
mothylal, the reaction being readily* catalysed 
by cojiper vessels. Aldehyde resin is likely to 
form in the still if the alkaline reagent has been 
added to th(‘ crude wood spirit ( P. Pikos, J. Soo. 
(Ihem. Ind. 1909, 1118). 

The following is a continuous method of pre- 
paring jmre concentrated wood spirit. Tho 
crude spirit is distilled and the vapours passed 
first through lime wuitcr, then warm eonoeii- 
tratod alkali solution {15’ 20" Beaume), after- 
j wards wa.sh('d wil h stearu- or other fatty acid, 
and liiiaJly with alkali again. 'I’his treatment 
removes all aldi'hydic resms, higher alcohols, 
ketmies, &,c, (J. Earkas, I). It. P. 1 06260, 1904). 

'I'Ik' pur<vs(. ..tihydnms methyl aleohol is pro- 
paied from tiu' best acetom'-lree commereial 
arliele by (irst heating for some time with freshly 
huiiil lime, then leaving in contact with ignited 
l>otassniin carhoiiute for somk' weeks, and finally, 
ilistilhng .si'verul Imie.s fiom metallie ealciiiin. 
The most aienrate criterion of dryness is tho 
('stmihcatmii eonstant wliieh, for tho anhydrous 
iile-ohol and ])henyl acetic acii), is 2‘556. Onc- 
Iwmilieih uf a ]>’c. of water hy volume lowers 
i this to about 0*522 and ordinary [uirc dry methyl 
1 alcohol lioni methyl oxalate is often as low as 

0 K>5 (,). Uyi, Ber. IttOK, 1222). 

i Other ])roeessi's uu' patented by lloHeiierans 
:(lkS. Jhit. 792512, l!M)5); Chute (U.S. Jkit 
I K24906, l9tM)) , Sehimdt (LT.S. (*at. 885182, 

I I9(KS); and ( 'hristiaiisen (U.S, Pat. 1202011, 

I 1919). 

/)ii( (.11(111 and (■'<lun(ili<>7i - recognition 

of methyl alcohol itsell is a somewhat difficult 
malter but its oxnlatioii produets, formaldehyde 
ami formic aeid, ai(> more readily ch.iiactcrised. 
Of its com])onndH, the most characteristic is the 
or'fldtr, -which is a crystalline solid mi'ltmg at 
51". Mulhkcti ami tSciidder {Aincr. Chem, J, 
lSt>9, 21, 266 ; 1900, 24, 444 ; J. Amor. Chem. 
Soc 1905, 8t>2), Barbet and Ja-ndrier (Uhem. 
Sot. Absti. 1S!).S, 11 . 265), Jandrier ((diern. 
Zeidr. ISO!), i. 129t)), Lcacli and Lytbgoe (J. 
Amer. Uhem Soc. 1905, !)64), Scudder and 
lliggs (t/nd. 1906, 1202), Eran/, Utz (Uhem. 
Zentr. 1905, ii. 1467), Hmkel (Analyst, 1008, 
417), VoLSCiiet (Bull. Soc. chiui. lllbO, lui.j 25, 

1 74s), Tnllat (tkmipt. rend. J890, 127, 222), 

“ Voiisek (J. Soo. Uhem. Ind. JOOO, 823), Pieszczek 

(ffiiarm. Zeit. 1013, 58, 850), Denig^s (Coinyit. 
rend. 1010, 150, 530, 831), Bono (Chem. Zeit, 
1!)I2, 36, 1171), Mannich and Gcilmami (Arcli. 

, ITiarm. 1916, 254, 50), Wolff (Cliera. Zeit. 1919, 
i 43, 555), Ehman (Amer. J. Phann. 1919, 91, 

; 5!)4), Sinimtuids (Analyst, 1912, .‘IL 16), Jones 
[(ihid. 1915, 40, 221), "Cettlrr (J. Ihol. Chem. 
1920, 12, 311), and titlu rs have all made con- 
tributions to the question of tho most reliable 
test for methyl in the presence of ethyl alcohol 
(r/. Simmonds, Alcoliol, Macmillan & Co., 1919). 
As an outcome, the following official test of the 
U.S. Pharmacopoeia has been ailopted for quanti- 
ties of 2 p.c. and upw ards : tlm liquid is diluted 
80 as to contain about 10 p.c. total alcohols. 
About 3 <’.c. IS oxidised by plunging a red hot 
copper spiral five or six times into it while it is 
I kept from boiling away by being surrounded by 
a beaker of cold water. It is then filtered and 
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boiled till free from the smell of acetaldehyde. 
After cooling, 1 droj) of 0*5 p.c. resorcinol is 
added and 8u]j[)hunc acid poured into the test 
tube 80 as to form a layer. It is allowed to 
stand foisii minutes and gently rotated. If no 
rose-red ring appears, methyl alcohol is below 
2 p.c. Quantities from 2 p.c. down to 0‘1 p.c. 
may be detected by fractionating TiO c.c three 
times through a good fractionating head. The 
first two distillations should proceed till about 
35 and 20 c.c. respectively in f ho ease ot a strong 
spirit, or 20 and 10 (‘ c. ivith a weak one, | 
have passed over. The last ,3 e c. of the thud 
distillation is iosted ns above. 

The detection of melliyl alcohol in the 
jiresence of formaldehyde necessitates first the 
removal of the formaldehyde. This may be 
done ill scvcial ways. Unelini and Jvanfler 
((Jhem. Soc. Abstr. 1001, ii. r>20'; 1005, ii. 200) 
recommend combining it ivitli sodium suljih- 
anilate. 8tritar {tbul. 1001, ii. uses 

ammonia. Bamberger {ilnd. 780) prefers .sodium 
hydrogen suljihite. I'he best reagent for this 
purpose is probably potassium < yanide, as pio- 
posod by Lefimann (('hem, Zoiitr. 1005, ii. 14()7). 
The methyl alcohol is subsequently distilled oil 
and estimated by the sp.gr. of the distillate. 
<SVc (lUo lJuyk ((.'hem. Soe. Absti. 1002, n. 110) 
and Blank and Finkenbeiner (tier. 100(5, 132(5). 

A review of the vaiious imdliods of dtOeeting 
methyl alcohol in jnesence ol ethyl aleohol is 
given by iSimmonds, ‘ Aleohol, ’ Maeniillan & t’o., 
which also contains a deHenjitioii of the; jiroeess 
of iJcnig^.s, as modified by ►Siminonds, and 
adopted 111 the ({ovenimenl Laboratory, London. 
'J’ho book eontams a useful hibliograjihy on the 
subject. C!lia])lin has also deserihed a modifica- 
tion of Deniges' method, wliieji is claimed to 
incri'ase its sensitiveness and to avoid false 
reactions (Analyst, 11)21, 375). '.I'he solution 
to be tested is diluted until it eontams 5 ]).c. 
of total aleoliols ; 5 c.e. of tins solution ai’C then | 
mixed \Mtli ()'3 e.e. of 85 p.e. pho.sphone aeul, j 
and 2 c.e. of 3 ji.e. [xitassium permanganate 
solut ion are addeil. When the ]iermanganate is , 
decomjiosed eompletely (about 10 minutes) 

1 e.c. of 10 p.c. oxalic solution is added, followed, 
after 2 minutes, by 1 e.c. ot concentrated sul- 
phuric acid and 5 c.c. of iSchiff’s reagent. If a 
blue or violet coloration does not aiqicar after 
10 rninutcft (any coloration due to acetaldehyde 
will have disajijieareil in this time) there is 
present less than 0'2 p.c. of methyl alcohol in 
the mixed alcohols. 

Table nhowimj of mdhyl alcohol in i 

aqueous solutions at lo‘^ {Klasov and Noilin, 
Arkiv for Kemi 3Iineralogi och ikoloin. vol. 2. 
No. 27)., 



r.c. 

methyl 

alcohol 

r.c 1 

methyl ■ 
alcohol 

8p Kl . 

1* I- 

methyl 

alcohol 

v.f. 

iiRthvi 

iiK'ohol 

by wt 

by \ol. 


by wt 

hv vol 

0-7l)()4 

100 -00 

100-00 

i 0-8175 

02-50 

04-02 

0-7075 

01) (54 

00-77 

0-8200 

01 -(50 

04-28 

0-8000 

08-75 

00-18 

0-8225 

00-70 

03 -(53 

0-8025 

07-85 

00-50 

0-8250 

80-80 

02-08 

()\S0.50 

00-0(5 

08-01 

0-8275 

88-88 

02-31 

0-8075 

00-07 

07-41 

0-8300 

87-07 

01-64 

0-8100 

05-18 

0(5-80 

0-8325 

87-0(> 

00-07 

0-8125 

04-28 

00-18 

0-8350 

86-1(5 

00-20 

a-mo 

03-30 

05-55 

0-8375 

85-23 

80-60 



P.c 

Pc 


P c. 

1* c. 


methyl 

methyl 


methy 1 

metliyl 

Sp.gr 

alcohol 

alcohol 

8n gr. 

11 Icohol 

alcnhol 

15715” 

by wt 

by vol 


by wt. 

by vol. 

0-8400 

84-20 

88-88 

0-9225 

48-64 

66 -20 

0-8425 

83-34 

88-13 

0-9250 

47*20 

54-79 

0-8450 

82*39 

87-40 

0-9275 

45*84 

63-36 

0-8475 

81-44 

86-64 

0-0300 

44*49 

61-92 

0-8500 

80-47 

85-88 

0-0325 

43*15 

50-48 

0-8525 

79-50 

85-09 

0-0350 

41*79 

4901 

0-8550 

78-51 

81-27 

0-9375 

40*40 

47-53 

0-8575 

77-50 

83-44 

0-94()() 

39*00 

45-94 

0-8(500 

7(5-50 

82-61 

0-9425 

37*54 

44*29 

0 8(525 

75-50 

81-7(5 

0-9450 

36*03 

42*66 

0 8(550 

74-40 

80 -SO 

0 9475 

34-51 

41-03 

0 8(575 

73 40 

80-02 

0-9.500 

32-95 

39-35 

0 8700 

72-18 

70-13 

0-9525 

31-38 

37-61 

0-8725 

71-44 

78-23 

0 955') 

29-79 

36-81 

0-8750 

70-38 

77-31 

0 9575 

28-14 

33-89 

0-8775 

(50 31 

7(5-30 

OlKiOO 

2(5 44 

31-82 

0-8800 

68-25 

75-43 

((■9(525 

24-(>(i 

29-83 

0-8825 

67-18 

74-43 

0 -0(550 

22-89 

27-83 

0-8850 

66-00 

73-41 

i 0-0675 

21-11 

25-76 

0-8875 

(54 OH 

72-30 

0-0700 

19-38 

23-67 

0 8000 

(53-86 

71-34 

: 0-0725 

J7-63 

21-54 

0-8025 

62 76 

70-28 

1 0-0750 

15-85 

19 -40 

0-8050 

61-()5 

(50-23 ' 

! 0-0775 

14-03 

17-25 

0-8075 

(50-52 

(58-17 

i 0-0800 

12-27 

]r)12 

0-0000 

50-3(5 

07-00 

i 0-0825 

10-60 

13-04 

0-0025 

58-20 

65-07 

1 0-0850 

8 94 

1 1 -03 

0-0050 

57-01 

(54-82 

, 0-0875 

7*32 

9-0(5 

0-0075 

55-82 

(53 -(»5 

1 o-oooo 

5-72 

7*13 

0-0100 

54 -(54 

(52-415 

0 0025 

1-18 

5-30 

0-0125 

53-40 

61-27 

i 0-0050 

3-01 

3-84 

0-0150 

52-31 

(50-04 

0 0075 

] -39 

1 -(59 

0-0175 

51-10 

58-80 

' i 000 

0-00 

o-oo 

0-0200 

40-84 

57-54 





A table published by Doro.scliewsky and 
Ro.schde.Mlvensky (.1. Bu'^h. I'hys. t'liem. Soc. 
loot), 41, 077) difti'is in no CNsentiul partieuhir 
from the above tabh'. 

Tor the esfimation ot methyl aicoliol, in the 
abseiK * ot other materials than water, a refer- 
ence to the table of sji.gr. is the most rapid 
inetliod, but Zeisol’s well-known methyl lodidc' 
method is very reliable. The latter is only 
interfered ivith by acetal or ethyl alcohol. In 
the presence of ethyl alcohol the most accurate 
method is that due to Thorpe and Holmes 
(('hem. Soc 3'ran.s. 1004, 1), depending on the 
fact that when oxidised with dichromate and 
^sulphuric acid, ethyl aleohol gives rise to acetic 
acid and a minute quantity (about 0 5 p.c.) of 
carbon dioxide, whilst methyl alcohol is 
completely oxidised, under the stipulated con- 
ditions, to carbon dioxide and water. The 
proees.s is as follows : the sam ple is mixed vrith 
i water in such propoition that .50 e.c. of the 
. mixture shall contain not more than 1 gram of 
j methyl alcohol, and in the presence of ethyl 
! alcohol not more than 4 grams of the mixed 
j alcohols. Fifty c.c. of (his mixture are then 
introdiieed into the oxidation tlask, 20 grama of 
1 pota.ssiiim dichromate, and 80 c.c. of dilute 
j sulphuric acid (1:4) added, aini tlie mixture 
allow I'd to remain for IS hours. A further 
j quantity of JO grams of potassium dichromate 
and 50 c.c. of sulphuric acid mixed with an equal 
volume of water are now added and the contents 
of the flask heated to boiling for about 10 
minutes. The carbon dioxide is swept out by 
a current of air and collected in weighed soda- 
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lime tubes. When ethyl alcohol is present, a 
subtractive correction of 0*1 gram of carbcm j 
dioxide for each gram of ethyl alcohol must bo I 
made This method is of great convenience in 
determining the adulteration of tinctures and 
other medicinal preparations by methylated 
spirits. 

Other substances yielding carbon dioxide in 
these circumstances are allyl alcohol, metliyl 
acetate, and acetone. ICther and pyridine do 
not affect the estimation. 

Properties . — A colourless liquid with an 
odour like that of ethyl alcohol ; miscible with 
water in all proportions, and with contraction 
and ('volution of lu'at {v. table). It burns with 
a blue Hame. It [losscsaes, like ethyl alcohol, 
remarkable solvent power.s, dissolving most sub- 
stances which are soluble in ('tliyl alcohol ; con- 
sequently it may be used in many cases instead 
of that liquid. 

Metliyl alcohol, like strong ('thyl alcohol, is 
a toxic, substance, its poisonous nature being 
uttributed to its conversion into formaldehyde 
(Bdsseken and Waterman). For a bibliography 
of the literature i elating to the toxicity of 
methyl alcohol, sfc Morsoii (.1. Soc. ('hern. liul. 
hU8, 2ii, T). According to Lamrgaaid (dhem. 
Zentr. Iff 12, li. I2S2) iiu'th}! alcohol is more 
poisonous than ethyl alcohol when taken in 
lepcated small quantities, but ethyl alcohol is 
much more dangcroiiH when taken in a singh' 
largo dose. 

Its vapour pressure at vaiious toiiipcratures 
is given in the following table (Dittmar and 
Kawsitt) t — 


Tempora- 

Vapour 

j Tempera- 

; V.ipour 

turo 

pressure 

turi' 

i pressure 

~ “(J. i 

mill 

°C. 

mm. 

0" 1 

29-7 

j 40" 

' 259*4 

r^o i 

40-2 

! 45" 

1 327*3 

10" i 

53 8 

1 50° 

409-4 

15" ' 

71*4 

! 55° 

! 507-7 

20" 

, 94-0 

: 50" 

' 524-3 

25" 

J22-7 

: 55" 

1 751-1 

30" 

158-9 

1 04*95" 

1 750-0 

35" 

203-9 


i . 


A similar table, ranging from (F to 240", lias j 
been published by Young (Hcient. Froc. H,oy. ! 
Dublin iSoe. 1910, 440). 

Anhydrous copper sulphate is .slightly soluble 
in absolute methyl alcohol, yielding a blulhh- 
green solution, hence it cannot be us<‘d as a 
test of th(^ freedom of methyl alcohol from water 
(Kcli)l, J. pr. ('Ihcin. [ii.] 2.'>, 520). This blue 
solution deposits crystals of CuS04,2(jH30H 
(Porcrand, (lomiit. rend. 102, 551). Hydrated 
copper sulphate dissolves to the extent of 
11*5 p.c. at 0° and the solution on standing 
deposits green rosettes of crystals having the 
composition 3CuS04*Cu0,40H3()H (Auger, ibid. 
142, 1272). Methyl alcohol combines with 
many salts in a manner similar to water of crys- 
tallisation, e.g. LiCkaCHgOH ; MgCl2,()(JH30H ; 
(!aCl2,4CH30H, six-sided tables, decomposed b^ 
water, may be heated to 100*^ without decomposi- 
tion (Kane, Phil. Mag. [ui.] 10, 45). A compound 
with barium oxide, Ba0,2CH30H,2H20, is ob- 
tained in brilliant prisms, when BaO is dissolved 
in aqueous methyl alcohol, and the liquid eva- 
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porated at the ordinary temperature (Porcrand, 
Compt. rend. 102, 1557). 

When passed over heated zinc, methyl 
alcohol yields carbon monoxide, hydrogen, and 
a small quantity of methane (Jahn, Ber. 13, 
983). In contact with heated copper it is 
decomposed into formaldehyde and •hydrogen. 
A large proportion of the formaldehyde is 
polymerised to metliyl formate, whilst another 
portion is resolved into carbon monoxide 
(Maiinich and Geilmann, Bcr. IbK), 49, 585). 
At higher temporaturcs (1150") it is com])lctely 
resolved into carbon monoxide and hydrogen, 
the deC()in[)o8ition taking place in two stages 
which pioceed simultaneously. In the first 
stage formaldehyde and hydroffen are formed, 
and the formaldehyde is then decomposed, 
giving carbon monoxide and hydrogen (Pcytral, 
Compt. rend. 1917, 155, 703). By the action of 
zinc chloride,:, hydrocarbons aro the 

chief })roduct.M, also some hexarnethyl benzene 
(Lc P.cl and Crei'iic, J. 1878, 388). By electro- 
lysis in pre.senco of suljihuric acid, meihylal 
CH qotlH,)., IS produced (Hoiiard, Ann. (^him. 
LMiys [v.l 17,29(1). 

Methyl aloidiol is not decomposed by hac- 
tin aw aceti. I'otassium or sodium liberates 
hydrogen and forms a uiethoxidc : sodium 
nu'tlxixide Nar]i.,() combines at 150" with 
carbon monoxide to foiin Hodium acetate. 

Magnesium dissolve's in methyl alcohol on 
gi'iilly heating, forming magnesium methoxidc, 
which st'parates in pointed prisms from solutions 
containing about 5 grams in 40 of alcohol, or as 
an araor])hous powder from more concentrated 
.solutioiLs, The crystals contain 3 moloculos of 
methyl alcohol and effloresce rapidly. Bromine 
converts it into bromoform and magnesium 
bromide. Magnesium nitride reacts energetically 
with methyl alcohol forming trimothylamine, 
according to the equation : 

Mg3K..+5Crr,OH 

■=3Mg(OH)OCH3+NH,-fN(CH3)3 

(Szarvasy, Ber. 1897, 305, 805). 

Clilorine acts on methyl alcohol readily if 
moist. In diffused daylight at 99*5" the chief 
product is formaldehyde, which probably 
results through the intermediate formation of 
ehloromcthyl alcohol ('H2C3OH, and dichloro- 
methyl ether ((!H..(;l),(.>. The latter may 
actually be isolated. Carbon •dioxide and 
carbon monoxide and also methyl chloride are 
continuously evolved during the reaction, if 
the alcohofis diluted with water the reaction 
proce<‘-da with explosive violence. Bromine has 
but little action, but in sunlight at 130"- 150" 
methyl bromide is formed, mixed with carbon 
monoxide and dioxide and formic acid if the 
bromine is not in excess. - ^ ^ 

Iodine is even more inert, but at 180 -2(X) 
hyilrogen iodide, carbon diiixide, and methyl 
iochde^ are formed. The chief bulk of the 
alcohol is converted into methyl ether, which 
is also readily produced by heating the alcohol 
in scaled tulie.s with 5 p.c. of iodine (Andr6 
Rrochet, Pompt. rend. 121, 130). 

, Cold methyl alcohol absorbs one molecular 
proportion of boron trifluoride forming boron 
melhoxg difiuoride BEj-OCHa, crystallising in 
prisms' melting at 41*5° and boiling at 87®, 
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SoOiura methoxide (1 mol.) readily converts this 
eorapound into horon diwdlinx// Jiuorifh' 

mom,), 

which is a colourless inohile liquid funiin<^ m air, 
burning with a green flame, and boiling a1 b.T'. 
It has a Hp.*gr. of 1 -Or).'! at ()“. 8odium methoxidc' 
changes this into tn>iJn/l horalr R(0(TIj).,. 
Methyl borate boils at and has sj) gr. 

O’OIb at 0*^. It Inn ns with n gretai (lanu' and is 
readily decoiu|Kisffl l)y moist air or wafer. 

There is also formed by the action of boron 
trifliioi'ide on methyl alcohol a, mohsmlnr com- 
pound with methyl elhor, Rl^,.0((.'ir,)j. Jt 
boils at 12(i'^ 127” a, ml dissociates af. a shgldly 
higher temperalairi'. lii addition an acid ]>r()- 
duct of sf ill higher boiling ]jomi is produced 
to a aniall exient {V. (hiyselni, Ann. Chim. Ivii.] ' 

.‘h n). _ I 

The cal alyl le o\ida1ion of meb'iyl alcohol to ! 
forma Melivde is the siibiect oi seccr.d p.i]H‘rs ' 
by I'.’ Oiloll (.1. iSoe. (Tern Ind l!)0S, l.‘{fb 419. 

I ITb). OzotU' oxidises imd-hyl alcohol to form- j 
.tldidiydi^ very readily in hO p c aijinsni.s solution i 
(Harries, Her. l!)(i:h I9:{;{). ! 

White plios])hoi us, when heated with methyl ! 
aleoliol (I mol.) lor some houis at at least 2r)(P, ; 
[iroduees tetraim'thyl jihosphoiiium hydroxide 
and, in addition, pliosphiiu's and [)hos|)hoiie ' 
acid (.1 Rerthaud, ( om[it lend. 142, I Mil)). | 

Mi'thyl alcohol (hs'omposes diazonium salts. ; 
forming, with benzene diazomiim nitiate, am- j 
soli', o-intiophenol, and 2 : 4-diiutroph(mol If' 
wati'r is pri'sent, p-nilrojiheiiol is also formed i 
The a.lkoxy deiivative only is ])ioduced from | 
diazobonzenCHuljiliate. Sodium m('fho,\i<le in 
solution in meth\l alcohol produces beii'/ene and 
dijihcriy] (Reeson, Amcr. Cliem. . 1 . Hi, 2:r>). I 

Impurilkff . — The imjmritics of eommeicial j 
wood 8])irit are small quantifies of aldehyde, ! 
diuK'tliylacetal, allyl alcohol, aei'tone, methyl- | 
ethyl kef one, liiLdier ketone.s, and cldoioform. j 

Acetone is the most objeef lonable, especially i 
Avhon tho alcohol is to lie used in the ])re- i 
jiaration of anihni' colours. In ordi'i to estimate I 
t he amount of acetone J c.c. of tlii' w'ood sjuiit i 
is mixed with 1(1 c.c, of a double normal solu- | 
tion of soda, and 10 c.c. of a double normal j 
solution ol iodine are added with constant j 
shaking, and thi'ii 10 c.c. of ab.solnte ether. The | 
ethereal layer is then measured, an aliquot , 
portion takeq and eviiiiorat.ed on a watch-glass 
and the residual iodoform weighed. The weight 
of the iodoform (calculated to dn- total volume 
of ethereal solution) multijilied by 0*2S gives the 
amount of acetone in I c.c of wood sjurit ' 
(Kramer, Rer. ISSO, 1002). ; 

According to Messenger (Ber. 21, 3300), this | 
method gives too high results if the ipiantity of 
acetone be small. The folloA\nig method and 
details are dwe to Milan and 8trilar (Zeitsch. 
anal. Chem. 1904. 387). Crude irood .ypnif : 
5 c.c. are diluted to oOO c.c and 5 c.c. of this 
mixture are submitted to Zeisd’s process. 'J'he 
weight of silver iodide multijilied by 272*9 gives 
grams of methyl alcohol per JOO c.c, Aqvcous 
wood spirit containing under 10 p.c, methyl 
alcohol : 10 c.c. are diluted to 50 c.c. and 

shaken for 4 hour with 0*5 gram of charcof.l, 
filtered, wadied, and diluted to 100 c.c. and 
estimated as above. Crude pyroligneous acid : 
50 c.c. are neutralised with sodium carbonate 


made up to 250 c.c. and filtered. 100 c.c. are 
then made .strongly alkaline and distilled till 
50 e.e. have collected. The distillate is treated 
with charcoal, &c., as above. The shaking 
WMth charcoal lemoves guaiacol and other 
' jihenol ethers, but the estimation is invalidated 
J by the presenei* of acetal, metliyl acetate, and 
j ailyl aleohol. A correction for these may be 
I made b}?^ determining the iodine numbe'r and 
; esti'i liii'ation niiinber of the sanijile. 

I Methyl benzoate Cflll^-tTK) UH^. Brojiared 
} by heating a mixture of benzoic acid, methyl 
! aieohol, and .sulphuric acid. A colouiless. 
liquid, of aiomatic smell ; b.p. 198*0° ; sp.gr. 
1*9942 at 15"/].")”. Known as ‘ JViobo oil,’ and 
used in jicifiimery. 

Methyl boride B(CT1 J.,, horwdhyl, inweihyl- 
horiiH, V.D. 1*9198 (ealc. = l*9:n4), a gas ob- 
tained Iroin methyl borate by the action oi zinc 
im'lhyl (KranklamI ami Diipjia, Annalcn, 124, 
12!>) ; lias an miciiscly' disagreeable sincll, ignites 
sjjonianeonsly in the air ; can be liquelied by a 
jiressiire of tliree nfmosj>heres at 19”. ( aiislie 

jiofasli absorb.^ tli<‘ gas and yields, on evupoia- 
tion, .1 visiid TesiiliH' ol B(CHt)., * 1x011. Am- 
monia forms a compound R(('ll.,),'Nik,, wliieh 
can be crystallised from etlier in huge crystals ; 
m ]).5() ; b.p. 110^ 

Methyl bromide Oii (Br, hoinouK tlidnr ; b.j). 
1*5" (eorr ) (Ih'ikin, (Ti'iii. ^Soc. 9'uuis 1884, 
45-1) ; sp.gr I 73399 at 9 8 /9*8". 

I'x jHtrttiunt - l^v heating the eaeo(l\ ! eom- 
pouiid As(( ‘II ,)j(t>ki ) Jfr ( Ibiiisen Aimalen, 4t), 
41); fioiii methyl aleohol, biomine, ami jilios- 
plioMis (Bieire, Ann ('him. Iiii.] 15, 373). 133 

glams K'd jilio.sjilioiiis, 899 grams methyl 
aleohol, .-itc' mixed in a retort, the mixtuic 
lu'ated to (he boiliug-jioint, and 899 grams of 
bromine are graduallx added , after srmie hoins 
the mixture is distilled (Mi'rnll, d. jir. Chem. [ii | 
18, 293 ; .Steinlvo|)f and Schwen, 1. jirakt. Cfiern. 
1921, 192, 3()3). By drojiimig melliyl suljiliate 
into hydrobiomie acid at 45"- 59°, or bcttci' 
into a concentrated solution of an alkali bromide 
slightly acidilicd with snljilniric acid, at 39"-35" 
(Boubn andiSimon, ('ompt. rend. 1929, J79, 595). 
By the action of liydrogcn bromide, or jiotas- 
sium bromide and suljihurie aeid, on methyl 
aleohol (Taboury, Bull. tSoe,. ohim. 191 J, [iv.J 
9, 124; Bygdcn, J. pr. Cliem. 191], fii.] 83, 
121 ). ' • 

.Metliyl bromide a colourless mobile liijiud 
Avitli a smell resembling that of chloi'ofviam, 
unites with water to iurm a crystullme hydiale 
t9f^Br,2011 () (?) which js decomjiosed at 4" 
(Men ill) 

For brominated compounds of methyl brom- 
ide, V. Metliylem hronnde, art. Bromoform ; 

I and Cm bon idrahrowide, art. Carbon. 

Methyl chloride CflaCl, chlormneihanc ; b.p, 
23*73" (Jiegnault) ; -21" (Berthelot) ; -23" 

' (Vincent and Dclachanal) ; sp.gr. 9*99145 at 
; —23" ; 0*95231 at 0° (Vincent and Dclachanal, 
Bull. Soc. chim. [in] 31, J I ). Vap. press, at 0"= 
2*48 atmospheres, at 15°=4*11, at 30"=fi*50 
(Vincent and Delaehanal). For compressibility, 
see Bodareu, Atti K. Accad. Lincei, 1914, [v.] 
1, 491. 

Preparation. — From methyl alcohol, common 
salt and sulphuric acid (Dumas and Peligot, 

' Annalen, 15, 17) ; from methane and chlorine 
(Berthelot, Ann. Chim. [iii.] 52, 97) ; by heating 
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the cacodyl corapoiindB As(CH 3 );j(OH)/d or 
A3(CH3)20 i (Bunsen, Aunalen, 40, 44). 

On the large scale by the dry distillation of 
‘ vinasses ’ from beetroot. The metbylamine is 
saturated with hydrochloric acid and concen- 
trated. then heated to 200°-300°, when methyl 
chloride together with mono- andtrimcthylamine 
is evolved ; the bases arc removed by means of 
hydrochloric acid and the methyl chloiide dried 
over calcium chloride and condensed by pressure 
in wrought-iron cylinders (Vincent and Dehi- 
chanal, Bull. Soc. cliiin, [u.] 31, 11 ; J. 1878, 
1135). One part of imdted zinc eliloridc is dis- 
solved in two parts methyl alcohol and hydro- 
gen chloride led into tiie miAture (Oroves, ('hem. 
Soe. Trans. 1874, (t4l). 

Methyl chloride is obtained from methane 
by the action ol earbon 3 d chloride at high 

I. eanperatures : 

('Jl4 + COCJl>-('H,(;i 1-00 fllOl 
The mixed gases which should contain a slight 
ex(’(‘ss ot methane are h'd over a catalyst capalile 
of acting as a chlorine earner oi of accolci'ating 
tlu! reaction b\f surface condensation (lloch- 
stetter, 1). K. P. 2!)20S!) ; J. Soc. tdiem. Ind. 
I!) Hi, 35, 857). 

It may also lie obtained by In'aling luelliyl 
suliihate witli stannic chloride. At low iem- 
])eiatni'cs the substances react with tlu“ mter- 
mediato forinalion of the mcthosulphate of 
stannyl chloride : 

SnOl 4 - 1- 2M c.SO 4 - 2 MetJI -fSnOLlSO^M e)^ 
a white amorphous solid, decomposed at higher 
licniperatures, giving Ktannic sulphate and 
methyl idiluridc (Bonlin and Himoii, Oompt, 
rend.' (ilS). 

It may also bo ])re])aied by dropping mefliyl 
Hiilphato into hydrochloric acid (I). Id 12) 
at about 50"" : 

Me,S0t-|-Ha-Meir804 pMctd 
(Uoulin and Simon, ‘ihid. 1<)20, 170, 505). ; 

For obsorvalions on tlie chloimatioii of l 
methane, r. Pfeifer, Alaiithncr, and Kcitlmgor, ! 

J. pr Fhem. 1010, in.j 09, 23!». ' 

FroperUes . — Methyl chloride is a colourless , 

gas with ethereal odour, and burns, wlien'gnited , 
in air, with a greenish flame. One jiart of i 
water dissolves 4 volumes <»f methyl chloride ; 1 
of absolute alcohol, 35 volumes ; and 1 of acetic 
aeid, 40 volumes (Bertliclot). The neutral sulu- 
tiori is not })rccipitated by silver nitrate. WHli 
water at temperatures below 7 '3'^ at 700 mm, 
it forms a solid hydrate CH^dljOHoO (dc For- 
erand and Villarti, (Jompt. rend. lOti, 1402 ; 
Villard, Ann. Chirn. [vii.] 11, 377). With 
chlorine in sunlight it yields methylene chloride 
{(JHjOlj), chloroform and finally car- 

bon tetrachloride (ICl^ {q.v. art; (.iAiiBON) ; the 
chlorination can also be effected by leading a 
mixture of chlorine and methyl chloride over 
aniSBal charcoal at 2.')0^’-350°, 

Methyl chloride forms mth bromine methyl- 
ene bromide, bromoform and carbon tetra- 
bromidc (Damoiaeau. J. 1881, 376). 

Methyl chloride is extensively u.sed in the 
preparation of various coal-tar colours and also 
as a means of producing cold. By its evajmra- 
tion a temperature of —23° is produced, or if ! 
the evaporation be accelerated by blowing in air ' 
- - 66" is easily reached, and since its vapour is I 


1 non-poiaonons, its superiority to liquid sulphur 
i dioxide for this purpose is evident. 

Methyl i.socyanate CH^-N ; (.'0, methyl carh- 
imidei b.p. 43" -45° {UaiiUer, Amialen, 1407, 
313). Formed by the distillation of a mixture 
ot 1 part of potassium cyaiiate witb 2 paids of 
potassium methyl sulphate (Wurtz, Ann. Chim. 
[ill. j 42, 43) ; also by the action of diazo- 
mothane on nitro-urca (Dcgner and von Pech- 
niaim, Bor. 1807, 640). A liquid with interisely 
suffocating smell, eouveried by dry ammonia 
into methyl-urea which forms 

prisin.s soluble in wafer. Walei converts it into 
dimetbyl-urea Nli{(JiI,,)C'O Nll(-dl 3 with evolu- 
tion of carbon dioxide. • 

Methyl cyanurates. Mouomethyl, daiioihyl, 
and trimethyl dcnva(ivc.s of both normal (1.) 
.md isocyaiiunc (II.) rcuIh are known. 

N Nil 

/ V / '^ 

llO-C (M)]I 0:U C!:0 

II II 

N N JIN Nil 

C’-OH (J:0 

]. H. 

Normal irimelhyl cyavuratc (NC'OCHj)., is 
prc'pared from sodium uietlioxidc and cyanogen 
chloride (liofinann and OJsliauscn, Bor. 1870, 
271). hVem dry Hodiuiii mctlioxide and cyano- 
gen bromide (Poiiornaiew, ibid. 1885, 3204; 

Klason, J. }>r. Cbcm. (ii ] 33, 131). Soluble in 
ether and whaler and erystalluscs in trimetrie 
prisms melting at 135° and boiling at 205°. On 
long boiling if. changi's into the isomeride, 

undting at 175" (trimethyl i.soeyanurate). 

Normal d'unt lliyl cyatiuiuk (J iN 3 (OH )(OC;,J 1 )2 
results by heating 2 grams sodium in 15 grams 
absolute methyl alcohol and 15 grains normal 
trimethyl eyaniiiate to 100° lor IJ hours and 
decomposing the sodium salt W'lth acetic aeid 
(Hofmann, Ber 1880, 20(>7). It forms small 
six-sided leaves .soluble in alcohol and water but 
not ether. Tt softens at 105°-170° and decom- 
poses on lurtlicr heating into dimethyl i.so- 
eyanurafe, in ]>. 222", and also trimethyl mo- 
6yanurate, m.p. 175". 

Trimethyl laocyaimrait CaOjjNidCli), is pro- 
duced togetlier with the normal trimetliyl ester 
from silver cyaniirate and methyl iodide (Pono- 
marow, Ber. 1885, 3271); also f»mi the silver 
B.alt of the dimethyl derivative and methyl iodide 
(Hofmann, ih«L 1880, 20f>0) ; also by the inter- 
action of eyariuric aeid and diazometbane 
^ (J’alazzo and yeel.si, (hizz. chim. ital. 1008, 38, 
i. 050). Monoclinie prisms melting at 175°-i7(i" 
and boiling at 274°. Soluble in alcohol but 
not in w'ater. 

j iJimeihyl isocyamarnte (CH 3 ). 4 H(CNO )3 is ob- 
tained by the dry distillation of%iethyl acetyl 
I urea (Hofmann, Ber. 1881, 2000) ; also from the 
1 normal fhiiiethyi derivative {v. supra). Mono- 
elinie, thin leaves from water melting at 222°, 

Monomethyl tsoryanurate 

(CH3)H3N3C303,H20 

is prepared by beating nitroHocarbonyldimetbyP 
iii^a with water (Fischer and Frank, Ber. 1897» 
2015). It forms thin leaves, readily dehydrated 
at 100°, molting at 290°-207°, and has an un- 
pleasant odour. On methylation the trimethyl 
derivative is produced. 
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Mixnd clerivativos have been ])repare(l })y 
IfantzMch and Bauer (Ber. 100r», liH, 1005). I’he 
di-o-inono-N- derivative, m.p. 105'', is prepared 
by the interaction of silver cyanate and methyl 
iodide below 0®. The mono o di-N- derivative, 
m.p. 1 IS*^,* is prejiared from silver cyanurate 
and methyl iodide at low temperatures. 

Methyl cyanide CH^, •C'N, acriountnlc ; b.]». 
81 •()“ ; sp.ar. 0-8052 at 0'7801 at lb'’ ( Vineent 
and Delachanal, Bull. iSoc. ehim lii.'| Mil, 405). 
ll.C. at 18°--:il2-ll (Thomsen, 'fh. 4, 128) 
■--291*0 (Berthelot and iVtit, rVuniit. rend. 108, 
1217). 

Frfun arninoiiinm acetate and phos])hoiuH 
pontoxide { Diimas, < ’onijit rend. 25, 5S5) , fioin 
acetamide and pliosplinrus jumtoxide ; by dis- 
tillation of [lotassium methyl snlphale ■with 
potassium cyanide (Diimas, Malamili, and 
Leblanc, Aunalen, 04, 5511); in )imalin^ c\an* 
acetic acid at 105^ (Van ’t HofT, Bit. i87L 1582) ; 
also by lieating dimethyl suljihate with ]M)tas- 
sium cyanide (Walden, Ber. 40, 5214); hy 
[ussing vapour of anhydioiis acetic acid mixed 
with ammonia through a. tube tilled with immice 
containing a dc]>0Hit of alumina and heated to 
50(F. It is also formed hy the action of prussic 
acid on diazomethaue (von Pi'chmann, ihid. 
1895, 857) ; and by pouring acetiit acid ovit 
magnesium nitride (Lnit'icihng, ihxL 18'.M), 1055). 

Prepmattox.—X mixture of 5 moleeules ot 
acetamide and 1 inolecuh' of phosphorus penta- 
Hulphide is distilled, the product \\a,sh('(i A\ith 
caustic soda and digestial with lead oxide 
( If enry, Aunalen, 152, 119). By long heatinii of 
a mixture of acetamidi' and glacial aeidac aeul 
under a ndlux eoiidensm' ( I )enuu cyi \ , Bull Soe 
ehim. I li. j 55, 45()). 

Aeetoiiitrilo is a eolourless lujuid with a 
pleasant ethereal simdl, miscible with water, 
trom wliirh it sejiaratcs on the addition ot com- 
mon salt. It burns in air with a ^leaeh-blo.ssom 
flame ; with acetic acid at 29(f'' it ])roduces di- 
aoetamidc. It is miscible wdth methyl alcohol 
or with ethyl alcohol, and its h.p, is low-ered by 
such admixture — a liquid containing 80 ]).c. 
wood spirit and 20 p.e. acetonitrile has Uie 
low-est b.p. (03 *7“), whilst, in the case of ethyl 
alcohol, a mixture of 50 p c. spirits of wine and 
44 p.o. acetonitrile hods at 72-0“ (Vineent and 
Uelaclianal, Bull. Soe. ehim |u,j55, 405). It com- 
bines easily with drv hydrohioinie or hydriodic 
acids, more 'ditlieultly witli liydroehloric acid 
(Gautier, Aniialeii, 142, 291) ; by glassing hydro- 
gen chloride into a cooled mixture of aceto- 
nitrile and acetic acid, aeidyl cblonde and 
acetamide result (( '(ilson, Bull. Soe. ehim. fin.] 17, 
57). (/H,,CN'21IBr tonus eiystals melting at 

47‘^-50° {Bugler, Annalen, 149, liOO). Bromine 
combines with uci'tonitnle at 100" to form a com- 
pound — (dljl^r-GN-IlBr — (u-ystalhsiiig in prisms ; 
which molt at 05", and arc decomposed hy moist 
air, forming ainmoniiim bromide, acetic acid, 
and dibromodiaeetamide (Englor, Annalen, 153, 
157 ; 142, 09). Sulphur trioxide produces the 
compound ((JH3CN)..,2803, which crystallises and 
dissolves in w^ater, hut not in organic solvents. 
By proeipitatiug its aqueous solution with 
alcohol and ether crystals of the compositpm 
(0H3t^.N)3{S0.,).,,H,.0 are obtained (Eitner, 
Ber. 1805, 2834"). 

By the action of sodium ujum methyl 
cyanide, methane and an oily substance <_!4HjN2 


soluble in ether (lloltzwart, J. pr. Chem. fii.] 
58, 543), sodium cyanide, and cyanmdkinc 
OjlfjNa are obtained (Baeyer, Ber. 1809, 519). 
This is best obtained by heating 6 parts methyl 
cyanide with J pari of sodium under a pressure 
of 100 ram., disidlmg off the excess of methyl 
cyanide and crystallising the residue from 
alcohol (Meyer, J. ])r. Chein. [li.] 27, 155). It 
forms mouoclimc crystals (m.p. 180"-181"), 

which dissolve m 0*04 part of water or 5'25 
jiarts of alcolud at 18". Cyaimiethiue unites 
with many acids, c.g. needles 

soil! hie in water ; h. p. 2(lo ' 250" (( H „N a),!! ,81)4, 
cry.stallisiis with dl^llcult3^ ft also forms chlorine 
and hioimne dmivativiis (Baeyer, Ber. 4, 170). 
Tie, lied witli alumimiim and cold sodium 
hydroxide .solutuui (15 pc.) acetonitrile gives a 
75 [».(!. yield of idhylanmic (Ferrer, Anal. Eis. 
(,)uim. 1914, 12, 259). 

tS tibfilii (itiou pioduiis of avcIO' 
nitrile, 

C/iIoiaeitonllnle ('Jf.^Cl-C^, Iroiu (hlor- 
aci'tamidc and plioa])horiis pentoxide (Bisschop- 
luek, B(‘i. 0, 752) ; tlu' reaction is better carried 
out in a vacuum (8choll, ihid. 1890, 2417). A 
liquid; bp. 12.5 -124', sp.gr. 1'204 at 11'2", 
M95 at. 20" (Englci, ihid 1875, 1003). 

Ihchlonu lioiiilnh’ ( 'I K'l ,-(.'N ; b.p. 112"- 
115"; iSp gi 1 57 1 at 1 ! •4" ( Ihsschopmck, Ber. 0, 
752). 

TitihhumdvnilnU ‘VIpCN; b.]). 83"-84", 
s[).gr. 1 t:}9 at J2'2''. h’rom triehloi acetamide 
and plioMphorus ])cnto\idc ( Bisschopinck, Ber. 0, 
752). By action of ihloime upon aeetoiiit rile 111 
preseiiee ot loilinc (Beckuils, ibid, 1870, 1594). 

liroiiKK ‘ luNitnh (IHjBi ('N, inid dibromaceto- 
uitnli (JIlBr, (’N, m ]>. 142", are also knowm (c. 
Rngler, Annalen, 142, 09, am) Van ’t floli, Ber. 
1874, 1571 ; also Homy, Gompt lerul. 105,415). 

lodiu'dutiih d( (’H,l(k\; b ]). 18()"-J87"; 
sp.gr. 2*5005 at 12" ; from cliluracetonitnle and 
sodium iodide m alcoholic solution (Henry, 
Gompt. rend. 105, 415). 

iX drone do nitrile Glf,.(N02)GN v, Fulminic 

ACID. 

Dimlroaedoviliile Gl^NGJ^'N, a syrupy 
liquid obtained by the action of sulpliunc acid 
upon the ammonia compound G1I(N()2)2GN*]MH3; 
This compound is obtained by the redutdion of 
ail ethereal solution of trimtroacetoiiitrile by 
moans of dry aulphurclted hydrogen : 

<'(.NO.)jG\-t-lH.8 

"GH(i\0,).,GN'Nll3d 21120+48 

(8chischkotT, Annalen, 101, 215; 119, 249 ; 

104, 250). 

TriniiioatiJonitiih' (^(N02)3C'N, a solid, 
m.p. 41-5"; exjilodes when heated to 220". 
Formed hy the action of a mixture of fuming 
mine and suliilairic acids upon sodium fulmin- 
ate (8elii3ehkolI, Ann. Ghim. [iii.] 40, 310). 
8oluhle m ether, but decomposed by alcohol, 
water, or alkalis. 

Methyl i-vucyanide GH^-NC, iso-dedonitriU, 
methyl curb ylannne ] b.p, 59*0"; sp.gr. 0*7557 
at 14" (Gautier, Annalen, 152, 222). From 
methyl iodide ami 2 molecules of silver cyanide at 
150" (Gautier, Gompt. rend. 05, 408) ; also from 
chloroform, methylamine, and alcoholic potash 
(Hofmann). It is also formed in small quantity 
when potassium methyl sulphate is distilled with 
potassium cyanide. 
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Methyl i-voryanide is a liquid with a very 
unpleasant smell ; soluble in 10 parts of water 
at 15° ; forms crystalline salts with acids. 

Methyl fluoride CHgF. A gas, sp.gr. (H— 1) 
17 ‘38, calc. — 17 ‘05 (Collie, Chem. Soc. Trans. 
1889, 110). Obtained from potassium methyl 
sulphate and potassium fluoride (Dumas and 
P^ligot, Annalen, 15, 59) ; by the action of heat ; 
upon tetramethyl ammonium fluoride (Collie) ; ^ 
from a mixture of methyl iodide and silver 
fluoride (Moissan and Meslans, Comjit. rend. 
107, 1153; Chem. Soc. Trans. 1889, 304). J 
Liquefied by a pressure of 30 atmospheres at 
ordinary tenqieratureR ; slightly soluble in 
water, more so in metliy! alcohol It is very ' 
stable; critical tcni]). 44 -fC; pressuie 47123 
mm. (Collie). For the jihysical constants of 
methyl fluoride, .src Moles and Jlatueeas, J. 
('him. Phys. 1919, 17, 537. (Jhlonne in sunlight 
displaces hydrogen and form.s CILCIF, a gas i 
soluble in water and of .sp.gr. 34-1 8 (calc. ---.34-25). 

Methyl formamide il‘CO‘l^fI(('lf ,) ; b.p. 
KSO”-^ 185° (Cauticr, .1. 1809, 018); 190" (Linne- ! 
maun, J. 1809, 001); sji.gr. 1 011 at 19'’. A | 
thi('k oily liquid soluble in water and aleohul, 
insoluble iii ether, formed by the ilislillation 
of mothylainine formate. 

Methyl formate H‘C( ) OCll., ; i> p. 32°-32 5° 
(corr.) (Perkin, Chem. Soc. ’Fiaus. 1884, 491); ' 
Volhard, Annah-n, ]7(i, 133). Sp.ur. 0 98239 at ! 
1 5°/ 15°. 

Prepfirado)) — 130 jiarts of methyl alcohol 
saturated with hydrogen .chlonde are gradually 
poured upon 100 parts ot calcium formate ; the 
mixture is then digested for pome time, and 
finally distilled (Volhard, Annalen, 17(5, 133). A 
mixture of equivalent proportions of sodium 
formate, hydroclilorie acid, and wood H]>irit may 
be used (Bardy and liordet, Ann. Chini. [v.J 
10, 5(11). Wood spirit is digested with formic 
acid, sp.gr, 1-22, and distilled, the distillate 
is then dehydrated liy means of phosphorus 
pentoxide. 

Methyl formate is a ooloiiiless liquid with 
a characteristic smell ; its vajiour is decomposed 
at a red heat, fiwming carbon monoxide and j 
methyl alcohol. Chlonne in presence of j 
sunlight yields tr>chloru-mc(hijl vtdorofflrmafe 
01‘CO‘O0Cli, b.p. 127‘5°-128^ sp gr. l'‘0525 
at 14°, which, when hcaited at 34()°-350°, 
yields carbonyl chloride (Hentsehel, 

J. pr, (Jhem. [li.] 30, 99). If the action be 
stopped at an eailior stage, a eoinpouiiil 
C^HaCljO,, b.p. 108° -KHC, sp.gr. 1-4741 at 
27°/27°, is formed. In thi‘ absence of sunlight, 
chloroformic ester (JlCOOCHa is jirodueed 
immediately (Hentsehel, J. pr, (.'hem, [ii.] 30, 
213 ; cf. Gfrignard, Rival, and Ed. Urbain, 
Compt. rend. 1919, 109, 1074, and 1143). 
Methyl-cyc/o-hexanone v. 

Methyl hydrate v. Methyl alcohol. 

Methyl hydride. Methane, marsh gas, CH4 ; 
sp.gr. 0-559 (air=l); b.p.- = —104-0° at 730-0 
mm. (Olszewski, Ann. Chim. [ii.] 3), 58) ; 
sp.gr. of liquid=0-415 (0,); critical temp, 
82'^ ; critical pressure, 45-6 atm, ; critical 
density, 0-1623 ((Jardoso). H.F.}).=-21,750cal8.; 
H.F.v.=21,170 cals.; Il.C.p. 2 .---11,930 cals. 
(Thomsen, Th. 4, 60): H,(j.p. =213,500 culs. 
(Berthelot, Ann. Chim. [v.] 23, 179). 1 vol. of 
water at i° absorbs 0*05449— 0-0018074 
-f 0-tKX)01028^* vols. of marsh gas; 1 vol. of 


: alcohol at /°, 0-522580- 0-0028()55t-F0000142(= 
vols. (Bunsen). 

Marsh gas is emitted froin the surface of the 
ground in many parts of the world, notably in 
Italy, North America, and in the vicinity of the 
Caspian Sea. It is formed by the putrefaction 
of vegetable matter under water, and hence 
occurs in marshy places. It is evolved in large 
quantities from the mud volcanoes of Sicily, 
Italy, and the Crimea. It also occurs in the coal 
measures, and, in small quantities, in the gases 
of the human intestines (Bilge, J. 1802, 528), 
and in th(‘ breath of calves and sheep (Beiset, 
J. 1803, 038). 

it is formed by the ])utiefnctiun of cellulose. 
According to Hopjie Seyler, this is due to the 
action ot a fungus {Aiiu/lob icteu'iim. Van 
Tieghem, Cuiiijit. rend. 88, 295), and cellulose 
(st.erilise<i filter-paper was used) is converted 
into a non-redueing sugai which splits 

up uilo 3C()„ iiiul .3CH4 ; this action is stopped 
by a tempeiatnic aiiovc (10°. 

Marsh gas is also produced by the destructive 
distillation of carbonaceous matter — c.y. wood 
or coal — and hence occurs, to tlie extent of 
.ibout 40 p.e. by volume, in coni gas. 

It can be obtained from chlorolorm or carbon 
tetrachloride by passing the va]iour, mixed with 
hydrogen, through a hot tube, oi by heating 
with copiier, polassiuTii iodide, and water 
(Beithelot, J. 1857, 297). Also by passing a 
inixtuie oi the vajioui of carbon disulphide and 
I suijihun-tted liydrogcn over heated copper or 
' iron (Berthelot, Ann. Chim. [lii.] 53, 99). Also 
by tlu- action ot the silent electrical discharge 
i upon .1 mivturo of hydrogen and carbon mon- 
oxide (Biodie, Floe Roy. Soc. 21, 245), and 
by the direct combination ot carbon and hydro- 
! gen at 1200° (Bone and .lerdan, Chem. Soc. 

I I’raiiH. 1897, 42 ; Bone and (Joward, ibid. 1908, 

! 1975), and also by the action of water on 
aluminium carliide (Moissan, Bull. Soo. chim. 

; [iii.] 11. 1012; 15, 1285). 

I Carbon dioxule mixed with liydrogcn is 
converted into metlmiu! when heated in presence 
of niiflvcl as a catalyst : 

(JO,-l 1TI,-('11J-211X) 

The reaction begins at 230°, and is rapid and 
nearly complete between 3()0° and 400°. By 
passing the jiroduct of the reaction through 
caustic soda, to tree it from unchaijiged carbon 
dioxide, and condensing it by liquid air to free 
it from hydrogen, pure methane may be obtained. 

It is also formed by the direct reduction of 
carbon monoxide by hydrogen in presence of 
nickel: C04-3H..=-CH4-i-lLq. Tho reaction 
begins at 180° and proceeds rajiidly at 230°-250°. 
If the gases arc mixed in theoretical proportions 
the methane is obtained almost yiure. At tem- 
peratures above 250° part of the cartein monoxide* 

' IS converteel into carbon dioxide and carbon : 
2C()^C-1-(X>2, owing to the specific action of 
tho nickel at the.se temperatures. 

This last is a simple method of obtaining 
methane free from admixed gase-s. For details, 
see Harger, Colliery (fuardian, March, 1913 ; 
Camjibell and Barker, Chem. Soc. Trans. 1013, 
lO.L 1292. 

'I'hese methods of jireparing an industrial 
gas rich in methane, of high calorific power, 
and suitable for incandescent lighting, have 
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been covered by patents. Sec Henderson’s 
Catalysis in TnduHtrial Clieiuistry, Longmans. 

PrcjHiraluni . — By heating j)otaHsiuni acetate 
with caustic potash 

KCJlaO.H-XOIL-K.CO.+CH, 

Sodium acetate and a mixture o{ equal volumes 
of calcined soda and powdered lime are lu'ated 
in an iron or co])pcr vessel (8ehorlemmer, 
Choin. N(nvH, 21h 7), hydiogen and elhyhuie 
are also produced in tins reaction (Kolhe) ; ilie 
latter may he removed hy means ol sulphiine 
acid. 

It can also he ohtamed hy the action ol the 
cop[)er-7.ine ei uple u])on a mixtme of (‘qual 
volumes of alcohol and methyl iodide (Clad- 
stone and Trihe, Cdiem. Soe. Lrans. 1884, lo4). 
Methane is also obtained hy the decomposition 
of zinc methyl with alcoliol or wy^ti'r. 

yVopcWics —Methane is colourless and 
odourless, and forms an explosive mixture' with 
air (‘ liH'damp ’). In mixtures of nu'tham' and 
air containing fiom 5 to <)-2 p e. of methane the ; 
decomposition is ('11,-1 20. CO ,-l-211oO, hut | 
with larger quantities, m mldition to“caihon ! 
dioxide and watei, hydrogen and caihon 1 
monoxide are foimed. ft is very stable, and is ! 
not afTocted hy jihosphorus pentoxide or anti- ' 
mony pentachlonde. or even by stiong nitric ' 
acid. J)ry chlorine has no aOion in the daih, 
but ill sunlight the mi\tme explodes; in 
diffused daylight ehloro substitution denNati\es j 
are formed, viz. methyl chloride, methylene 
diehloride, chloroform, and carbon ti'Iraehloiide, | 
For observations on tlu' ehlonnaiion of met hane, I 
V. l^feifer, Mauthner. and Beitlingi'r, d. iw. ' 
Ohem. lint), lii.l Dll, 2:il); Whist on, ('hem ISoe 
Trans. 1020, 188. When passed through a hot 
tube, a small poitioii is conveited into naphtha- 
lene, At higher temperatures it is more oi less 
dissmaated in amount dependent on the tem- 
perature, and the amount and naturi' of the 
lioatod surface (Hone and Coward; Campbell 
and Slater), ft is very gnidiially absorbed by 
cold fuming sulphuric acid (Worstall, J. Amet, 
Chem. Soe. 1S<ID, 24(1). It may be oxidised to 
methyl alcohol and formaldeh'vde (.s^r Mdhil 
akohol). 

It forms a hydrate with n ati'i at - 2'’ oi T 
under a pressure of 80 atmosplu'ies. Ten'^ion 
of dissociation at (r’-27-o almos])heies ; ent. 
tem]).-“2l-5’ (Villard, Comjit. tend. 107. 20.^). 

Methyl Iodide (’11^1 ; b.p. 42 ;r (con-.) (IVr- 
kin, ('hem. iSoc. Trans. JSS4, loD) ; 42-D'’ (corr ) 
(Thorpe and Bodger, IMiil. Tiaiis. 1804, A, II, 
464); ap.gr. 2-2Sr)I7 at l.o'yjrc ()>.),- 2-2677 
at 15° (Bardy and Bordet, Ann. Chim. [v J 10, 
569). Formed by the action ol pho.siihorus 
and iodine upon methyl alcohol (Dumas and 
Peligot, Ann^den, 15, ,80). 

Preparalion . — In a similar manner to tliat 
of ethyl iodide {q.v.). 35 parts methyl alcohol, 

100 parts iodine, and 10 part.s of phoaphonia are 
the proportions usually employed. These suh- 
atanoea are allowed to remain in contact' loi 
some hours ; the methyl iodide is then distilled 
off, washed with dilute caustic soda solution, 
and dried by means of calcium chloride, ^le 
preparation from an iodide of an alkali or alka- 
line earth by the action of methyl sulphate is 
patented by Weiulai^d and Sobm'idt (1>. R.. B. 

1 75209, 1905). A yield of 04 p.c, is obtained 


, by di.ssolving yellow pliosphorus in methyl 
iodide, and adding iodine to the liquid, and 
slowly dropping methyl alcohol into the cooled 
mixture (Walker and Johnson, Chem. iSoe, 
Trans. 1905, 1.595). 

It foiins a eolourh'ss liquid which turns 
blown on exjMxmire to light owing to the libera- 
tion of iodine. It is extensively used in the 
])re2)aiati(in of various aniline eolours owing to 
tlie ease with which it undergoes deciomposition ; 
it thus affords a ready means of intioducing 
the methyl grou]) into other eomjiounds. 

Methyl nitrate C11,N()., ; bp. (».5' ; sp.gr. 

I ‘21(17 at irC/i5‘' (IVikin, Chem. Sor;. Trans. 
1881, 682). 

75^ pum/ioa.— 2(10 e e. juirc wood spirit are 
distilled wath 40 grams urea mtraff' and 150 c.e. 
puie nitiic and (s]i.gi‘. 1 81) until Iwo-tliiids 
have distillcfl oil ; to the lesiduc 170 < c. of 
methyl alcohol ami 180 c c. mine acid are 
added, again distilled, and tlieii lot) e e. methyl 
alcoliol, 110 e.( . mtiic acid, ami 10 giains mea 
nitrate' aie added to tlu' residue, and (hstillation 
again eoiit'iimed (C Lea. *1. 1802, 887). 

Can also Ik' jiK'jiaied by mixing methyl 
alcohol and .snljihui le acid, and adding 2 ])aits ol 
tins liquid to a imxtuK' oi 1 jiart mtiie acid and 
2 pails sulpliuiie acid The distillate is washed 
with potassium eaihonale solution. Delejaue 
n'commends the follou mg A mixtuK' of 50 e.e. 
strong sulplmiie ae.d and 150 i .c. meth,’\l 
alcohol cook'd to 12‘' are carefully added to a 
mixture of 100 I'.e strong suljihuiie acid and 
150 e ('. mtne acid (8(1'’), cooled to 12'\ so lhal 
(he O'mjK'iatiiie does not nsi' above 15° Altei- 
I wards llu* whole is shaken with 100 e c. strong 
I siilphurie acid. Aftei a few minutes’ standing 
I the ester is sepaialed off (Bull Soe. chim. liii.j 
i 18, 1044) 

Mi'thyl nitrate is a eolomless liquid with a 
pleasant smell; exjiloik's when heated to 150°, 
or by peieu.s.sion. 

Methyl nitrile Cl L,NU, ; h p. -12°; spgr. 
of liquid 0-991 at 15°/. A gas, prepared by 
treating 1 moleeiile mi'thyl alcohol with 1 mole- 
: cull' ?.wam\l nitrite (Bertoni, Cazz. chim. ital. 

I 12, 488). Also by the action of nitric acid upon 
! eo])])ei (or arsi'iiious acul) and methyl alcohol, 

! or by the action ol nitric acu! upon hriieine 
! (tStieekcr, AnnaIen,xlJ, 76). 

Methyl oxalate (CJ4 3)20,8)4 ; m.p. 54° ; b.p. 

' l()8-8° (corr.) (Weger, Annaleii, 221, 86). Oxalic 
I afcid (dried at 100°) is mixerl w-ith boiling methyl 
alcohol, and on cooling tlu' (‘i3-ftta]s separate out 
(Rrlenineyei, 4. 1874, 572). 

Form.s moimelinie ])lates, wLich. by aidion of 
chlorine yield, first, an oily liquid oi' the com* 

, position ('.lOJCHClolo (Malaguti, Annaleii, 32, 

I 49), and by prolonged action in sunlight, a 
! body C2^L.(('t'i3)2j which crystallises in leaflets 
I ((.‘ahours, ibid, 64, 313). 

M ( Ihyl hydrogen oxalate H (CH 3)0 jO 4. When 
I oxalic ethyl ester i.s treated in methyl alcoholic 
solution with potassium methoxide, potassium 
methyl oxalate is thrown out in the form of fine 
leaves (Salomon, Ber. 8, 1609). Methyl hydrogen 
oxalate is a solid of low melting-jioint which 
boils at 108°-1097 ^2 mm. (Anschiitz and 
; SSchonfeld, Ber. 19, 1442). 

' Methyl oxide. Dimethyl ether (OHg)/) ; b.p 
- 23-(i5° (Regnault, J. 1803, 70) ; -21° (Ber- 
thelot) ; 8p.gr. (air=l) l-GH. 
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Formed by heating methyl alcohol with sul- 
phnrio acid (l)umaa and }’6ligot, Ann. Chim. 
(ii.) 68, 13), or with boron trioxido (Fbelmcn, 
ibid. |iii] 1(), 138; Annalen, 67, 328). 

1'3 parts of wood alcohol arc mixed with 2 
parts of sulphuric acid, and heated to 140"'. The 
gas evolved is passed into strong sulphuric acid, 
which absorbs 600 times its volume ; the gas is 
then set free by diluting the acid with an equal 
volume of water (Erlenmeyer and Kriechbaumer. 
Iter. 1874, (>90). 

Methyl ether is a colourless gas with a 
pleasant odour; 1 vol, of watiT at 18"’ absorbs 
37 \olumes of the gas (Dumas and Pehgot). It 
unites with hydrochloric acid to form a ('om- 
pound (CIl a)..0'lI(U, vdiich boils at 2"' (Fnedel, 
Jiull. Soc. ciiim. []!.] 24, 160, 241). 

i'hlonm' tiiihKiitvtion, Prodtids. 

('idoroitK thj/J (tier DllaCl O'CJdg ; b.p. 6i)'6"' 
at 76t) mm. ; formed by hiinging togidluT, in 
(iiflused daylight, chlorine and excess of methyl 
oxide (Fnedel, Hull. Soc. chmi. [ii.] 28, 171) h 
IS <lccom])osed by water into hydrochloiie acid, 
tiioKvnn'thylcne ((’11.3)), and methyl alcohol. 

Dicldonmn ihyl (lh( ) (( '1D’( ‘1)^,( ) ; l>.]). 106""; 
S]),gr. 1‘316 at 20"'; iormed by the action of 
chlorine u]ion methyl oxide (Ib'gnaiilt, Annalen, 
34,31). 

Trirachloronnihy} i‘lh( ) ((!41( D b.ji. 130" ; 
S}> gr I •()()() at 20" (Kegnault). 

rrirld()i<iiii(fhyl (liter (t'Cl^).^); b.]). 100' 
(with decomposition); s]) gr.--l’607 ; by the 
action of chlorine njion nu'thyl oxide in sun- 
light (llegnault). Decomposed by heat, yielding 
carbon tetrachloride and earlxmyl chloiidc. 
{See (dso de Sonay, Bit. 1801, Ib'f. 337.) 

Methyl phosphates. 

1 . Normal ‘methyl jdio^phale {( 'll ..).,1’( ; b.]). 

107-2" (cart.) ; S]).gr. 1 -2378 at 0" (Weger, Anna- 
Icn, 221, 89). From methyl iodide and .silver 
phosphate (Hall, (.'hem. Soc. Trans. 61, 761). 

2 . Dimdhyl phosphoric acid ((Tl3).2HP04 ; .i. 
syrupy liquid, produced when phosplioryl 
chloride PDCla is dro))pcd into methyl alcohol 
(Schilt, Annalen, 102, 234). 'J'ln; salts aic very 
soluble m water. 

3. Movoiridhyl pliosphoiic and (.Tl.dlif^)^ is 

produced when methyl alcohol is dropjicd into 
})hoBphoryl chloride (8chiff, 337). 

Methyl phosphites. 

Mo7wm,eikyl pimphile CilgHaPOg, a syrupy 
litpiid formiai by the action of jihosphorus tru 
chloride upon methyl alcohol (SchilT, Annalen, 
103, 164). It is mi.scibJe with other, and forms 
salts which are amorphous, and arc decomposed 
by water into methyl alcohol and phos]ihite8. 

Tnmcthyl phosphite. I’lODHg)., is a liquid 
boiling with partial decomposition at lh6 . It 
is jiropared by the action of ^Sjosphoriis tri- 
chlorklo on sodium mcthoxide. S]).gr, 1-1786 
at 16° (Jaehne, Annalen, 266, 281). 

Methyl salicylate ('eH4(()H) (foO-(llIj. Ls 
the chief constituent of od of winter-green. 
Obtained by distilling a mixture of salicylic 
arid, methyl alcohol, and suljihuric acid, B.p. 
222-2°; sp.gr. 1-189 at 16715°. Used in per- 
fumery and pharmacy. 

Methyl sulphates. 

1. Hydrogen methyl sulphate, methyl sul- 
phuric acid CH 3 HSO 4 . The free acid is an oily 
body, which remains liquid at ~ 30°. Obtained 


from methyl alcohol and sulphuric acid (Dumas 
and Pcligot, Annalen, 15, 40), or from methyl 
alcoliol and chlorosulphome acid in the cold 
((llaes.son, .1. iir. Oheni. In,] 10, 240). 

1*1 epa ration. — One part of methyl ah.oliol 
Ls mixed with two jmrts of eoneentrpteil sul- 
phuric acid, allowed to stand m a warm place 
for some hours, diluted with water and neutra- 
lised with barium carbonate, liltored and the 
harmni preeijhtated by the proper (juantity of 
sulphuiic acid. Methyl sulphuric acid form.s 
I salts Avith the metals, wliuili are soluble and 
reailily crystallise. On distillation it decompose.s 
intu dimethyl sulphate and sulphuric acid 
(( 'lae.ssou). 

Chloride of 'methyl sulphuric and (Jir^SO^Ol. 
]\lcthyl chloiosulphonale w obtained by dropping 
methyl alcohol into suljiluiryl chloride in mole- 
cular jiroportions (Bchrend, ,J. pr. Cheni. |i].] 16, 
32), or by pussmg siiipliiir dioxide into metliyl 
I hypochlorite (Saudmeym’, Her. 188li, 861 ), or by 
the action of c hlorosulphonic acid on methyl 
hytlrogt-n suljihuti- 01 on methyl sulphati* 
(Devaillant and Simon, ( 'ompt. lend. 1010, KiO, 
140-234), It IS an oily lujuid with ]iiingent 
smell ; (leeoin|)osod l»y water into methyl sul- 
phurie and hydroeliloi ic aVids, 

'The same jiroduets may h(‘ obtained by treat- 
ing m('th>l alcohol witir sulyihur dioxide and 
chloi me m the piojiortioiiof 1 molecule of each of 
1 he g.isi s to 2 molecules of the alcohol ( Boake and 
Duiians, Kug J’at. 110260). Methyl chlorosul- 
phonaie boils at 42 '/1 6 mm. , 134" 136"/760 mm ; 
D^'' 1-402; wj; J-114. 

2. Dimethyl sulphati. {(Tl IH8°; 

sp.gr. 1-33.344 at 16° (Fi'i'kin, ('hem, Soc Trans. 
1886, 786) By di.stilling wood spirit with 8 or 
10 [larts of suljihurie acid (Dumas and JV'ligot, 
Ann. (Ihim. |iii. | 68, 64) or by distilling 

anhydrous inelhyl sul])hnrie acid, best in ‘caeu.6 
(ClaesHon, .1. pr. Chom. fii j 10, 244). Methyl 
sulphalo is yiropared by bringing logether 
methyl alcohol (27 grams) and ehlorosulphonh' 
acid (100 grams) at -lO"’ and then distilling the 
mivtuie under 20 mm. pressure at J40“. The 
yield IS 80 83 pc. theoretical. Fuming snl- 
jihuiic acid gives a yield of only 42 ]).c. (1). B P. 
1)3230). By adding 4 yiarts ol 60 ji <•. oleum to 
1 jiait of methyl alcohol cooled to - 18 ' and 
subsequently distilling the mixture under re- 
duced pressure, a yn-ld of 00 ]).c. of th% theoretical 
amount is obtained. The Snci6tc Aiionymc dcs 
Froduits Chimiqncs de Fontaines in Lyon- 
Monplaisir n.sos pruetieally the same yirocess 
with carbon tetrachloride as a diluent (D. K. l^ 
103830), By treating cooled methyl alcohol 
with clilorino and sulphur dioxide (J)urrans, 
LT.S. Pat. 1317648). Haworth and Irvine 
(Eng. Pat. 122408) coinhine dry ilimetliyl etlier 
and sulphur trioxide 111 jiresenee (ff a solvent 
which may conveniently consist ot methyl 
sulphate ilselt. The yield of dimethyl sulphate 
by the action of sulphuric acid on methyl 
alcohol increases within limits with increase in 
the molecuiar proportion of sulphuric acid. The 
complete reaction appears to l>e a balance of 
three reactions : 

2CH,-IlSO,^H,SO,+(eH,)jSO, 

(;H,-HS0.4'C'H,'0H=.X,S0,+(CH,),0 
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Tn order to obtain the best yield of dimethyl 
sulphate it is necessary to avoid the. presence of 
water or of excess of methyl alcohol {(Jnyot and 
Simon, Compt. rend. 1919, 199, 055). It is 
extensively used as a methylating agent for 
aromatic ^mines, the reaction being : 

Me2S04+2R NH2-RNH,-MoHS04 hR*NHMe 
(Ullmann, Annalen, 327, 103), cf. howe\’iEir, 
(3aesson and Lundvall (Her. 13, J099). Qujiio- 
line and (luinaldine arc botli quantitatively con- 
verted into their ammonium bases by treatment 
with metliyl sulpluib* m benzene solution 
(Ullmann, l.r.). It is also a. veiy ( (mvi'Micnt i 
reagent lor csti'nlying acids (Call Uiaebc, ihtd. j 
344, 244). On distillation uiidci reiluci'd pres- . 
sure of the products obtained by the action of i 
methyl sul[)ha1e oii alcoholic solutions of .sodium I 
penta , letra-, or tn sulphide nxl/it/l fn.'ml ijlnde, [ 
Me^S ,, has been ubtamed by Strecker (Ber. 1908, i 
1105. Cp. also Klasou, ('horn. Soc. Ahstr. 1888, J 
359). A colourless iiijuid with an oflour like that j 
of peppermint, ■ 

Methyl sulphides. i 

1, Hydroqvn mvOnjl Niilp/udcy itidlud 
aijitan, mclJn/l fivlphiidr'tU^ C.H3SII ((ilregory, 
Annalen, 15, 239) ; b.p. 5*8 ’ at 752 mm, (Ivlason, 
Ber. 20, 3407); a' -^0-894. By heatina; potas- 
sium hydrogen sulphide with potassium methyl 
sulphate (Dumas and Ih'-ligot), or by aiiting 
upon A-methyl-iso thiocarbamide .suljihate (pre- 
pared by warming an a([ucous solution of thio- 
carbamide with methyl sulphate) with dilute 
sodium hydroxide solution, when it is eoiiverted 
into eyanamide. and methyl mercaptan (Arndt, 
Ber. 192 1, 54, B, 223(i) It is a eolonrlos.s hipud 
with a disagret'able odoui and forms a crystalliiK! 
hydrate with water By the aetion ot chlorine i 
upon carbon disiiiphide (•oiitaiiung a little iodine, ! 
Percidoromclhy! tncuaplaii- Ctl^t-l^, a liquid i 
(b.p, 14(i“-148^ corr. ; sp.gr. 0 I ‘712 at 12*8 ’) is j 
obtained (Ratliko, Annalen, 197, ltl5). 'Plus I 
substance is deeom])osed by lusting to 200“^ 
into carbon tetrai-hloridc and suljihur chloiidc. 

2. Dimethyl sulphide (('H^loS ; bp. 37*1"'- 
37'3°at 754*7 mm. (Beckmann, d. pr. Chem. |ii.] 
17, 453); bp. 37*2° at 758 mm. (Ivlasoii, Bei. 
20, 3407) ; 37*52" (con.) ; sp.gr. 0*8702 at 074° 
('J'liorpe and Rodger). Hp.gr. 0'S45 at 21° 
(Regnault, Annalen, 3t, 29), Uiom potassium 
sulphide and methyl chloride (Regnault, Ann. 
Chim. [ii-ljl, 391).* 

r reparation.— bW c c. methyl alcohol aie 
treated with 750 c.e. Hulphurie acid, and a solu- 
tion of 2*75 kilos, sodium carbonate (crystals) is 
added, and the solution concentrated until the 
sodium sulphate crystallises out. I’o the solu- 
tion of sodium methyl sul})hat<‘ .500 grams oi 
potash dissolved in v. atcr and half saturated 
with sulphuretted hydrogen are added. The 
yield is ab'iut 150 grams (Klason, Ber. 1887, 
3407 ; Chem. Hoc. 'I'rans. 1888, 359), Methyl 
sulphide is a colourless liquid with an unpleasant 
smell. It combines directly vitli chlonnc to 
form oily substitution jiroducts (CH,Cl)._jH, 
(OHClglaH, and (CClal^S (Riche, Ann. Chiiu. 
[hi.] 43, 283). Bromine unites xvith it to 
form a crystalline bromide (C'Hjl^SBr.^ (C'ahours, 
Annalen, 135, 355). It also forms many crystal- | 
line compounds with various salts, e.g. 
{CH3),S*HgCU 

2(CH,)5H*PtC4^), &e. (Loir, Ann. Chim. [hi.] 


39, 448; 54, 42). It combines at ordinary 
temperatures with methyl iodide to form 
trim ethyl svlphine iodide (0113)381, which crystal- 
lises in prisms. 

By the action of moist silver oxide upon this 
I compound there is formed trimethyl sidphine 
\ hydroxide ((^H,)3H*0H, an oily liquid which 
I possessexs strongly basic properties and forms 
characteristic .salts with the acids. Sulphuretted 
hydrogen reacts xvith the base, yielding the 
hydrosulphide [(CH3)3S]HH, which on treating 
with one molecular jiroportioii of the hydroxide 
yields the uoi mal sulphide [{CH3)3H]2H, which 
resembles in its leaetions the sulphides of the 
alkalis (Brown and Blaekie, (!h(uii. News, 37, 
I3t); .39,51). 

Methyl trisulphide (CH 1)28., h.is been pre- 
pared by Htrecker {see above Oi methyl sulphate). 

Methyl sulphite (CTf3),H03 or H()(()(’M3), ; 
bp. 121*5°; Mfi.gr. 1 ■()45() at 19*2"/4". Obtained 
bom methyl alcohol and sulphur chioiidi' H/'lj 
(Cariiis, Annalen, 110, 209; 111, 99). Is iso- 
merio with ethyl snljihurou.s acid UH’HO'OCCIIg, 
and ethyl sulpiionic atid CdijHUj'UH. 

Methyl chlorosulphinate ClHO.Clf, is 
formed when well cooled methyl alcohol is 
mixed with tliionyl chloride. It boils at 19‘'713 
mm. or 102°/755 mm. with decomposition into 
sulphur dioxide and methyl ehlondo. Is readily 
decomposed l\v water into sulphiii* dioxide, 

I hydrogiMi chloride, and methyl alcohol (Htahlei* 

} and Hehirni, liei. 1011, 44, 319). 

Methyl sulphonic acid (dl^HO.*!)!!, a syrupy 
liquid decomposed at about 130°. By the 
aetion of nitric acid upon methyl thiocyanate or 
diHulpliKle (MuspiaU, Annalen, 95, 291). Also 
by heiitiiig nK'thyl iodide xvith sodium sulphite 
solution to 120° *(( Jollmaiin, ibid. 148, 105), and 
by tlie reduction ot ti ichloromeihane suljihonic 
acid (Kolbe, ibid 54, 174), and also by the aetion 
of clilonde of lime on miithyl thiocyanate 
(de (Joninek, Compt. nmd 129, 828). It forms 
stable crystalline salts which are very soluble in 
cold waxter but almost insoluble in alcohol. The 
pota.s.sium compound CII ^'HO^'DR, is decom- 
posed by heating with caustic jiotasli — 

( : H3 -SO ,OK -I- 3K()H == 3II2 + RXlOa K..HO3 
(Berthelot, J. 1869, 339). 

For the reactions of methyl disulphnnic acid 
(mcthioiuc acid), ,md its applications in syn- 
tlic.ses, see Hchroeter and collaborators (Annalen, 
I91t), 418, 191 ; Chem. Hoc. Abstr. 1919, i. 519). 

Methyl sulphonic ehloridc CH3*S0aCl ; b.p. 
150°-153° (CWius); 190° (Nithack) ; sp.gr. 
1*51 (Gow^an, J. pr. Chem. [ii.] 30, 281). By 
the action of phosphorus peutachloride upon 
methyl sulphonic acid (Carius, Annalen, 114, 
142). It 18 not acted upon by sulphuretted 
hydrogen or potassium cyanide in alcoholic 
solution. An monia forms an amide 
CH^-SO^-NH^ 

which crystallises in long prisms (Gowan, l.c., 
also Chem. Soc. Trans. 48, 367). 

Chloromethyl sulphonic acid CHjCl'SOj'OH, 
an acid syrup obtained by the action of nascent 
hydrogen upon trichloromethyl sulphonic acid 
(Kolbe, Annalen, 54, 168). 

Dichloromethyl sulphonic acid CHClj'SOj'OH, 
an unstable body formed by the action of zinc 
I upon trichloromethyl sulphonic acid (Kollie, 
Annalen, 54, 164); ‘also by heating chloroforrq 
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with a sohitinn of potassium sulphite to 180" 
(Streckor, ibid. 148, 02). The chiwide 
OHClj-SOaCl 

{b.p. 170°~180°, sp.gr, 1'7J) is formed by the 
action of phosphorus pentachlorido upon the 
acid (Gowan, J. pr. Chem. [ii.] 30, 390), or by 
reducing, by means of sulphur dioxide oi 
stannous chloride, trichloromethyl sul[»honic 
chloride (Kolbe). 

Trichloromethyl snlyhonic acid 

CClg-SOa-OlLHjO 

m.p. 130". The free acid i.s obtained from the 
chloride by treatment with baryta, and precipi- 
tation of the dissolved barium by means of sul- 
phifric acid, the excess of sulphuric aeid is then 
removed by means of lead carbonate and excess 
of load by means of sulphuretted hydrogen 
(Gowan, J. pr. (!heni. [ii.] 30, 284). 

It forms small prisms which are very stable 
and insoluble m water, but soluble m aloohol or 
other. It has strong acid jirojieities and is not 
atfeoted by nitric acid, aqua regia, or ehroimo 
trioxide. 

TrichlorotfUlhyl sulphomc, thiondr (’('IjXSO^C'l 
(m.p. 13r)", b.p, 170") lorms cara})horhk(‘ crystals, 
and IS obtained by the, action of moist chloriiu; 
upon carbon disulphide (Beizehus and Marcet, 
Gilbcit’s Annalen, 4H, lOJ), Has.sett ((3iem. 
News. 54, 79) reci^meuds the following piocess : 
100 grams of powdered ])ota.ssium (diloratc, 
200 e.e. hydrochloru’ aei<i, 400 e e. water, and 
50 e.e. caiboii disulphide are mixed together and 
allowed to stand for sonu' days until the carbon 
disulphide becomes .solid ; the white solid is 
then removed by hltration and waslusl ; the 
yield is 03 grams. It is very .stable and reaids 
with difheuity or not at all with aromatic amines. 
With secondaiy and tertiary organic bases it 
yield.s colouiing matters. It also oxidi.se.s leuco 
bases and their sulphomc aculs to colouring 
matters ( Espenschied, H, it. P. 14021). 

Methyl thiocyanate t.’H , -S UN ; b.p. 1321) 
at 757*2 mm. ; sji.gr. 1 *088 atO" (Pierre, J. 1851, 
51). H.(‘, =398*95 cals. (Thomsen, Th. 4, 1 90). 
liy floating methyl sulphide with cyanogen 
bromide to 10(>" (Cahours, J. 1875, 257). By 
distilling a concentrated solution of equal jiarts 
of potassium thiocyanate and calcium methyl 
.suljihatc (Cahours, Anuahm, til, 95). Calcium 
methyl sulphate may be replaced with ad- 
vantage by methyl sulphate in theoretical 
proportions. • 

If heated to 180"- 185" it is partially con- 
verted into the iMhiocyanatc. By the action 
of chlorine in daylight eyanuric chloride 
Cl3(CN)j, thiocarhon3d chloride C'SClg, and thio- 
carbonyl tetrachloride C1SCI4 are obtained 
(James, tdicni. Soc, Trans, bj, 272). By heating 
with methyl iodide to 100" t.nmethyl sulphino 
iodide (OHjialSl is produced (Caliours, J. 1875, 
257). 

Methyl wthiocyanate CHg-NCS, methyl 
mustard oil ; m.p. 34 " ; b.p. 119" (Hofmann, BeV. 
1, 172). By heating the silver salt of methyl 
thiocarbamic acid CS(NH'CH3)SH with watei*. 
This acid is formed by the action of carbon di- 
sulphide upon mcthylamiue. Methyl mustard 
oil forms white crystals which have a smcdl 
resembling that of horse-radish. 

Methyl selenide (CHgl^Se ; b^i. 58*2". Ob- 
tained by distilling a solution of sodium selemde 


(prepared from phosphorus pentaselenide and 
caustic soda) with potassium methyl sulphate 
(Jackson, Annalen, 179, 1). A cusagreeably 
.smelling liquid ; with platinum tetrachloride 
form.s a yellow compound 2(CH3).4Se‘PtCl4, 
soluble in aloohol. It also unites with chlorine 
and bromine (CH3)3SeCP, m.p. 59*5" ; 
(CllAoSeBr„, m.p. 82°. 

Methyl diselenide (CH3).48ejj, a heav}^ rod- 
disli yellow liquid witli very unpleasant odour, 
formed when potassium diselenide is heated with 
potassium methyl siil])hate (Wbhler and Dean, 
Annalen, 97, 5 ; Eatlikc, tbid. 152, 211). 

Mktuylamln ks,* 

These arc cumpoumls with .strongly marked 
ba.sic piojiortics, derivi'd from ammonia by the 
re}»lacement of one, two, or three atoms of 
hydiogeii by an equal number of methyl groups. 

Methylamine (CHjlNH.^, vionomethylamine ; 
I>.1>. ~(i° to -5*5° at 7()8‘35 mm.; erit, temp. 
15()*9°; erit. press, 73 -b atm. (Berthoud); sp.gr. 
U*099 at —10*8° (Hofmann, Ber. 22, 099). 

Occurrence. — In the oil yielded by the dry 
(bslillation ot bone (Anderson, Annalen, 88, 44). 
In the jilauts Mcrcunuhn annua (Linn.) and 
M. jiere 1111.16 (Liiiii ) (Hcicluirdt, J. 1805, 457). 
In herring brimi ('J’oUcns, Zeitsch. Chem. 1800, 
510) and in the prodiuds of the putrefaction of 
hsh. Ill (ludc wood spnit (Poinmaille, J. 1873, 
()80 ; Vincent, Aim. Chun. [v.J I, 444). 
In the jirodiicts of the dry distillation of the 
residues from beet-sugar ‘ v masses ’ (Duvillior 
and Buisine, Ann. Cliim. (v.] 23, 317). 

Jn tln5 pioducts of distiUatiou of bran with 
lye (Laycock, (Jhem. News, 1898, 78, 210, 233). 
In till* products yielded by the dee()mpo.sition of 
librm by .streptococci (Emmeilmg, Ber. 1897, 
30, 1803). 

Formaltou . — By tlie aefion of caustic potash 
upon met hyl /6*o-cyanate or lao-cyanurato (Wurtz, 
Ann. (4iini. (iii.j 30, 443). Prom ammonia 
and methyl iodide (Hofmann, Phil. Trans. 1851, 
381) or methyl nitrate (C. Lea, Chem. Nows, 0, 
40; Juncadella, (-'ornpt. rend. 48, 342). By 
heating wood spiiit witli sal ammoniac to 300° 
(Berthelot, Ann. Chun, [111. | 38, 09). 

If a solution of formaldehyde and ammonium 
chloride i.s heated, tlu' former, whether present 
in excess or not, acts on the tnmethylene 
trianimc first f 01 mod and yields niethylaraino in 
theoretical quantity. If the ammonium chloride 
IS m large excess, the amine is very pure ; if the 
aldehyde is in large excess, trimethylamine is 
the final product (Ploclil, Ber. 21, 2117 ; Brocket 
and Camhier, (Juriipt. rend. 1895, 120, 557 ; 
Esehweilt'i', Bei. 1905, 38, 880 ; Koejipen, Ber. 
J905, 38, 882; Knudseu, Ber. 1914, 47, 2694 ; 
Werner, Cliciii. Soc. Trans. 1917, ill, 844; 
Jones and Wheatley, J. Aiuer. Chem. 80c. 1918, 
40, 141 1 ). 

Chloropiciia treated with iron filings and 
aeetie aciu (Gers.se, Ann. 1859, 109, 282) or tin 
ami hydrochloiie acid (Wallacli, ibid. 1877, 184, 
51) yields monomcthylamine : 

CCL*NU,+12H--Cll3*NH2-|-3HCLb2HaO 
(c/. Frankland, Challenger and Nicholls, Chem. 
Soc. Trans. 1919, 159). 

Mcthylamines are produced by heating 
ammonium methyl sulphates at about 200°, 
when the yield of methylamine is about 27 p.c. 
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ot thp thoi>rt4it;al yield ; whoii a inixturo of 
atmuOiuiiru methyl sulphate with two eqiiiva- 
louts of ammonium beuzoiie sulphoiiate is 
heated the yield of methylaiuinu is about 50 p.c. 
of the thcorotical amount {cf. Werner, (diom. 
Soe. TraiiK, 1914, 105, 2702 ; Denham and 
Knapp, ibid. 1020, 230). d’lu'y uri^ also formed 
by heating methyl aleoliol under jire.ssure with 
a mixture of ammonium ehloride and zme 
chloride. The yields are 55-0, 7 5, and 1 80 j>.e. 
respectively of mono-, di-, and tri-methylamine, 
calculated on the weight of fin* .unmonmm 
chloride (Turner and Howard, J. Amer. ('hem. 
«oc. 1920, 42, 2003). 

By heating caustic pola.sli w it li eei“tain alka- 
loids — cjj. morphine, codeim', creatine, 
(Werthoim, Annalcn, 73, 210; Dessaigm-s, d 
1855, 331). liy the action of ehloiiiu' upon 
caffeine or tlieobroinim' (Iloehh^lei, .1. 1850, 
435). By the action of nascent hvdiogen, lit>m 
zinc and sul[)hunc and, iijxm hydroiyann- acid 
(Mendius, Annalcn, 121, 139). By jmssing a 
stream ol hydrogi'ji and liydroeyanic acid gas 
over platinum black, Ju'alr-d to I lO'^ (Delui.s, 
Chem. Soc. 'I'l'anH. Hi, 249). 

By th(‘ reduction of hexamcUiylencleti.irnine 
with zme dust and liydrochloi'jc acid (1). It. B. 
73812); of forinaimdo with sodium in amyl 
alcohol solution ((lueibet, Bull. Noe. ehim. Ini 1 
21, 780), or ol mtiomethane electrolytically 
in sulphuiic acid solution at 7(B-75'’' (PuTion, 
thid. 783) 

Frcpdrulioii . — Lqual molecules of nudlijl 
nitrate ami amnnuiia dissolved in methyl ah oliol 
are heated to U)(b\ Tin' ])roduct is decoui[)oscd 
by caustic soda, and the base combined with 
hydrochloric acid, the dued chloride is tJien 
heated with caustic .soda, and the libci.ili'd 
niet)y\ lamiiK' iiassi'd into .suljihmic acid, the 
sulphate is diied at llO"' and treated with 
absolute alcohol in whicli tlie di- and tri-methyl- 
amine salts a?’e soluble ; the insoluble mono- 
mcthylamnie sul]jhate is then decornpo.sed by 
potash, and the free inetliylainiiK' pas.siul into a 
eoolcd solution of ethyl o.xalate. 'I'lii' resulting 
di-methyl oxamide i.s dissolved in hot water, 
filtered and recrystallised, then deeomiiosed by 
caustic potash, and the gas passed into absolute 
alcohol (Duvdlier and Bui.sine, Ann. Chim. 
[v.] 23, 324 ; r. also Muller, Bull. Hoc. chim. [li.] 
42, 202 ; Chem, Soc. Trams. 48, 501). 

Jt can alst^ be ]ire])ared by the interaction of 
acetamide and bromine in caustic potash solu- 
tion (Hofmann, Bcr. 1882, 15, 705 ; 1885, 18, 
2741 ; Frany.oi.s, (’ompt. rond, 1908, 117, 080): 
or by heating formaldehyde with ammoiuiun 
ehloride at 40° -95'^. 

Wethylamine can be prepared electiolytically, 
cheaply and conveniently, according to the 
following ]iroc^ss : An electrolytic cell, proiidcd 
with a diaphragm sejiaiating the eatluale and 
anode, is tilled wuth a solution of sodium .'iidjihate, 
and 140 grams hexamethylcnetcliuimm' is 
added. The electrolysis is carried out by means 
of lead electi’odes and a current of 3 amperes 
per square decimetre. 'J'he alkali formed at the 
cathode is neutral i.sed by the careful addition, 
drop by drop, of dilute sulphuric acid. Thr 
temperatuie must be kept at about 20°. Methyl- 
amine and trimethylamiiie are thus formed, and 
can be sejiarated in tlie ordinary way. Ammo- 
nium sulphate can replace the sodium sulphate 


(D. Jl. B. 148054 ; Brdi. 1902-04, 2b ; bce nlt^u 
D. li. V. 143197 ; Frdl. 1902-04, 25). 

(kiinnicrcuil methyl sulphate is added in 
small portions .it a time to o.xcess of a 10 p.c. 
aqueous .solution of ammonia at -■ 5'’. The 
product IS then added to an excess of a 30 p.o. 
aqueou.s .solution of sodium hydroxide, and the 
mixture IS di.stilled, the issuing gas being col- 
lected in 20 ji.c. Jiydrochluiic acid. The methyl- 
ammo li\ droelilondc is separated from the 
ammonium ehloiide hy fractional crystallisation, 
and 1 .S iimiliy juirilied by recrystallisation from 
alcohol (T.urmann, Bull. >Soe. chim, 1900, fiii.] 
35,801) 

According to Bertbeaume {ibid. 1908, 140, 
1215) tins method of .separalioii is of very httle 
use (Blech, J. Artiei Bhcm, >Si \ I8!i0, 18, 070). 

A better method of separating the tliree 
.imiiie.s than Hie one given alxive, i.s to treat the 
concentrated .solution of their liydiochloiides 
with c.iustic soda ami collect- the gas (‘volvcfl 
111 forijiahh'liydr Tlie liquid is now treated 
with an equal weight of caustic potash, whereby 
Hic givaterpail ol the trimetliylamnie is evoheJ, 
whilst- the methylene derivatives ol mono- and 
di-nieihylamiiie leinaiii in solution, and can 
Im‘ fiactional-ed by ihstillation, 'riu* aminCR aie 
regeneiated by Ixuiing the condensation pioducts 
with .deoholie hydiochloric acid (Delepinc, 

( ’ompt. lend. 189 (;, TJ2. i0(>l , Ann Clmn. 189<), 
Ivii.l S, 139). 

MctbyJamine may be scjiar.ded from am 
moiiia by shaking the aqucieis mixture of Hie 
two Milistam’es with yellow luereuric oxide 
duiiiig <ui lioui. 'I'he liqi.oi is thmi decanted and 
distilled, when juiri* nieth) lamim is obtained, 
providing no itl-her nitrogimous bases are 
lue.sent in Hie mijmre lujuor (Francois, •!. 
Bharm. ('him. J9tt7, 2.5, .517, 523 , Coinpt rend. 
J!)U7, 144, 5(>7; ihid. 1908, 147, 428). 

To distiiigujsb Hie three amines fiom am- 
monia the .solution is iieutia-iised with liydro- 
clilorie acid and evajioralcd to dryness. The 
rivsiduo is dis.solvetl in !>5 p.c. alcohol, and 5 c.c. 
ol the solution is luMlcd at 70° 75° with a few 
grammes of tctrachlorcibenzoquiiione. If any 
of the amines are present a violet coloration 
IS prodaced, w'hereas ammonia gives no colora- 
tion (Tsalapatini, Chem. Zentr. 1908, i. 299). 
Bor the detection and estimation of ammonia in 
the mothylamincs, fiec Braii^ois (Compt. rend. 
1907, 144, 857). Metliylamiiie can be dis- 
tinguished fiom tlic (h- and tri-amines by treat- 
ment with Kessler’s icagent, with w'hich it gives 
a yellow precipitate insoluble m excess of water 
and reagent. The other two amines foim a 
white precipitate, which disappears on addition 
of wuiter (Delepine, Compt, rend. 1890, 122, 
1272). 

Bropcri'ic.?.— Methylamme i.s a colourless gas 
with a strong animoniaeal smell. It is very 
inllainmable and burns with a yellow flame; it 
is decomposed at a red heat into ammonia, 
hydrocyanic acid, hydrogen, and marsh gas. It 
18 very soluble in W'atcr, 1 volume of water at 
12’5° dissolving 1150 volumes and 959 volumes 
at 25°. The solution behaves like liquor am- 
mojucR and yields orystallisable salts on neutrali- 
sation with aeids. 

Heat of neutralisation with hydrochloric acid 
=2o-9 cals. (Muller, Ann. Chim. 1888, (vi.J 
15, 517). Bor salts of mcthylamine, which, as 
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ix rule, resemble those of ainmoiiia, r. Wurtz, 
ibid, [iii-l 30, 443 ; Topsoe, J. 1883, 018 ; Bailey, 
Ohem. Soc. Traus. 45, 002 ; i^etit and Bolo- 
nowsky, Bull. iSoo. ohim. [iii. | 0, 1013 ; Broclict 
and Oainbicr, ibid. 13, 530 ; .iarry, Conipt. rend. 
1807, 124, 004 ; (Jimk, Aincr. Ohein. J. 1800, 22, 
437 ; itagland, ibid. 417 ; Lciihcr, J. Amer. 
('hem. Sue, 1808, 20, 572 ; Dunstan and (hmld- 
ing, (Jliem. Sue, 'I’rans. 1807, 570 ; Ladenburg, 
Ber. 1800, 20, 2711 ; Weiide, ibid. 2710 ; Kisten- 
j).iri, ibid. 2530 ; Barthnl and Broieh, ibid. 1807, 
.30, 018 ; Eeimor and Tafel, ibid. 32, 3228 ; Lcle- 
pine, Ann. Chiin. [vii.J 8, 401 ; (Jonipt. 
rend. 1800, 122, 1272; Hofmann and Marburg, 
Annalen, 1800, 305, 101 ; Hang, (Jhetn. Sue. 
'Prans. 1003, 724 ; Kengade, (Joinpt. rend. 1005, 
140, 240; Eranyois, ibid. 1000, 142, 1100; 
Intteraclnld, An;li. Pharni. 10(41, 212, 37 , 
Guaresehi, (3u;in. Zenir. I8',H, n. 020; (Jhrihl/eii- 
Hcn, -1. pr. (!licni. jii.] 15, 350, (.lutbu'r and 
WiMirnk', Ber. 1000, 30, 4131. 

Meihylamitie, lilvc ainmojna, jn acjueuuH 
solution preeipitales mel.ilhe. bvdio.M'les troin 
solutions ()1 many saHs; hul, iinliKe ammonia, j 
diHSt'lves, ulien in c\eess, tlu' hydiu.\ide ul I 
aluininium, w'lu leas it lails to dissolve llu* 
hydroMiles ol eadiRium, inek(4, and cobalt. 

When metliylaimm' la oxidised Mitli mono- 
})eisu!pUuiie arid ((.'aro’s aeid), neeordnig to 
Bamberger and Selignian, it undeigoe.s tlie 
lol lowing changes ; 

(JHjNH “^CH, Mil oll-^d'll. i\(4ll-^eitli<‘r 

Ull-0il,N(JH Ol UI,NI1-GJI-^('H,N(J., 

hydrogen eyainde also being ioimed (Ber, 1002, 
35, 1200). Hullin' the di- and ( i i-ainine.s, it is 
loadily deconijjosed by diiomie aeid with 
evolution ol intiogon (Hoiunck and (’(-mix', 
Hompt. rend. 1808, 127, L221 ; 128, ()82j. 

Metliylamine interaet.s with cyanogen 
chloride m c(4d ethereal solution forming 
prineijially .s-dimelhylgiianidinc hydroehlornh' j 
and al.su m('thyJeyunainide (Hae.ss and Hruszkie- 
wuiz, Ber, 1002, 35, 3508). ^ 

It also J'oaets slowly with sodium phosphate 
and magneoium sulphate in dilut-e aqm'ous 
solution, ioiinmg niethylaniinc magnesium i>hos 
phate (Francois, 4. I'harm. Hliim. 1008, 28, 80) 
Neither di- nor tri-incthylamiiies react thus. 

Liquid methylaniine is a vi'.ry good solvent, 
for organic eorapourids, anfl combines leadily 
with both orgaiuc and inorganic compounds, 
forming addition products (Hibbs, J. Ainej. 
(Jhom. »Soc, 1900, 28, 1305 ; llochstctter and 
Kohu, Moiiatsh. 1003, 24, 773). Eor a munher 
of adcUtioii products with iiioigaiiic substances, 
.see Bonuefoi, Oompt. rend. 1807, 124, 773 ; 127, 
510 ; Jany, l.c. ; and Ann. Hhim. [vii.J 27, 
370; Matthews, J. Amer. (Jhem. Boc. 1808, 20, 
820 ; Lenher, ibid. 1000, 23,* ^80 ; Moissan, 
Compt. rend. 128, 20 ; Lang and Joliilfe, (Jlicin, 
Boc. Proc. 1003, 147 ; Ljihraim and Weinberg, 
Ber. 1900, 42, 4447 ; Ekeley, J. Amer. Hhem. 
Soc. 1909, 31, 004. 

In the presence of sod, calcium carbonate and 
oxygen, methylamine is converted into ammonia, 
and finally into nitrites and mtrates (Hemoussy, 
Oompt. rend. 1898, 120, 253). 

Under the influouoe of the silent electric 
discharge methylamine evolves mtrogen (Berthe- 
lot, ibid. 775 ; see also Mix ter, Amer. J. Bci. 
1898, [iv.] 0. 217). 


Methyl chloramine Me N lit 4 is obtained 
by distiUiiig methylamine hydrochluiide with 
sodium hypochlorite (Berg. Compt. rend. 1803, 
110 , 887). It is a colourless volatile oil with a 
])iquant irritating odour. 

Methyl dichloramine MeNCl^ is obtained by 
loading chlorine into aqueous met^iylamuie 
(Koliler, Ber. 1878, 12, 771) or by the. distillation 
of methylamine hydrochloride with bleaching 
powder (Bamberger and Renaiild, Ber. 1805, 28, 
1083). It IS a golden-yellow liquid, b.p. 50'’-00”. 
Bimilar brorno and lodo compounds ai'o also 
known (llchii, J. Amer. (4iem. Buc. 1000, 31, 
123). 

Methyl nitramine MeN ALU js obtained by 
timtinu 8-dimeihyl diintro-oxamide with barium 
liydi(»xido (P'lancbimoul, Hoi; Irav. chim. 1801, 
13. 313; 321, .331; aLo v. Poehmumi, Bor. 
1807, 30, 017). It forms long needles, m.p. 38^ 
le.iddy soluble in water and in alcohol. On 
ifdiictioii with aluiQimum amalgam and aqueous 
alcohol it Melds diazoniethaiie, wdiilst with zinc 
and hydroi'hl(»ne aud it is reduced to methyl- 
amine, hydraziiu'. and methylhydiaznio ('rhielo 
and M('yei, Ber 1800, 20, oV>2). V\4ien heated 
with /1-na phthol, /Lnaphthol methyl ether is 
1 bn Hied with ('volntioii oi nilrogen ( Franchimont 
and Uiubgio\e, lU'c Irav. cinni. 1807. 15, 216), 
It bn ms a number ot metaUie salts (Franchimont, 
I < ; Jjoy and Kissel, Bi'r. 1800, 32, 1304). 3'he 
po/n.s.siam salt KMeO^N^i, m.p. 220’3 explodes 
on lieating or on being struck. 

Thionyimethylamine MeN : Bo is an oil 
which fumes in air, b.p. 58'^-50’ (Miebaelis and 
Bloibeck, Annah'n, 1803, 274, 187). JVletliyl- 
ainiue denvatives ot vamms aliphatic acids arc 
desLiihed by Ouden, Bock and Ueid (Ber. 1905, 
38, 203()) , F()ss(' (Compt lend, 1000,143,014); 
'I'ahl and Wussmiith (Ber. 1007, 40, 2831); 
Beiiaiy (Ber. 1000, 42, 3012) ; Cansser {Zcitseli. 
]»liy8iol. CLmn 1000, (>1, 10); Foiinieau (Bull. 
B<»c elnm. 1000, [iv. | 5, 220); also H. It. PP. 
10,S.30(., 1008; 202107, 1000. 

Methylaminoanthraqulnones arc ])iepaied by 
(liss(»lving a mixture ot the desired umino- 
deiivativc of aiitimiquinoiie and formaldehyde 
in eoncentrated sulphuric acid and warming to 
55^-00 ' (H. U. P. 150050, 1005). 

a-Methylaminoanthraquinone, m.p. 107“, is 
obtained by treating a-morionitroanthraquiiione 
with metbylannue solution (I). K. B. 144034; 
Frdl. 1002-04, 201). 

1 - Melhylaminoanthraquinone - 5 - sulphonic 
j acid BOJl-CaH 3 <;^,Jj>C 6 H 3 NHMe, and also 
j the chamino compound 
1 NHMe-C,H3(C()),CeUaNHMo 

' arc formed by tieatuig potassium I : 5-antJira- 
I quinoiicdisuljihonatc w'lth aqueous uiethylaniiiie 
at 150“. The potassium salt of^tlic lornicr 
crystallises from water in violct-brown needles, 
j Other methylamine anthraqumone sulphonic 
I acids arc obtained similarly (1). TL P. 180722, 
! 1007). 

For other derivatives of methylamine 
antlirarpunone which are used as dyes, see 
H. Fv. BP. 150750, 104701 ; Ml 1905-07, 293, 
28(L, D. it. PP. 212470, 1909 ; 220314 ; Chem. 
Zentr. 1901, i. 1300). 

Metbylaminoaeetocatechol 

C,Ha(0H)3C0*CHa*NHMe 



320 


METHYL. 


is formed by warming gently chloroacetoeatechol 
with an excess of methylamine. Jt is a white 
crystalline powder darkening at 200° and decom- 
posing at about 230°. Eerric chloride gives an 
emerald-green colour (1). 1\ 152814 ; Dakin, 

Cheni. Spc. Proc. 1005, 154). When reduced and 
then treated with ammonia, it yields mothyl- 
ammo-o-ddiydroxyphenylethanol, ni.p. 208°, 
which is an astringent, and has haimostatjc 
projicrties (J. Koe. Chem. Ind. 1009, 1005). The 
ethanol yields a hydroebloride, m.i). 157° 

(D. K. J\ 202100). 

Methylaminoquiiiones are described by Eieli- 
ter (Annalon, 1008, .301, 303). 

2-MethyIamino 8 methoxyquinoline crystal- 
lises in Sliver prisms, m.p. 151°, and forms n 
crystalline nitroaanunc, m.p. 180° (Fiseber, Ber. 
1002, 35, 3074). 

Methylaminocamphene has b.]). 202°-2037 
75(i mm. [a]„ + 28‘7° (Forsti'r and Micklethwait, 
Chem. iSoc. 'I’rans 1004, 334). 

Methylaminocoumarins are deserihed by 
V. Pcehmann and Scliaal (Ber. 1800, 32, 3000, 
3000) ; and by Morgan and Micklethwait (Chem. 
8oc. Trans. 1004, 1238). 

Methylaminothiazoles are, desenbed by 
Young and (h-o()k()S (Ciiem. 8oo. 'I’t-ans. 1000, 08). 
Uraciis by WheehT and Jamieson (Ainei. (Jn'in. 
J. 1004, 32, 342). 

Dimethylamine (ClbB^NlI ; b.p, 7-2°-7-3° at 
704‘1 mm.; eiii. teui]). i04’0° , cut. jiKSs. 
52-4 atm. (Bertlioud) ; sp.gr. 0-0805 at - 5-8° 
(Uofmaun, Her. 1880, 22, (iOO). From methyl 
iodide and ammonia (Hofmann, J. 1802, 320). 
In small quantity by distilling the compound ol 
aldehyilo animoiiia and Hnl[)luirous acid with 
caustic lime (Petersen, Annalen, IS57, B>2, 317). 
In the jnitrefaetion ot lislies ; occiir.s in heriing 
brine (Hoekliseh, Her. 18, 87, 1024). Is obtained 
together uifh nn'tliylaniiiie by the action of i 
methyl alcohol on phospham (.see i\J( t/ii/ldtiiinr ; \ 
also Vidal, (Jheiii. Zentr. 1807, ii. 517). 1 

Prcpaialioii, — 'J'he juodiict ot the action oi j 
ainmonia upon metJiyl iodide (consisting of the i 
hydriodides of mono-, di- and tri-methyhiminc I 
and tetramethylammoniuni iodide) is treated j 
with alcohol m order to remove tlu5 last-men- 
tioned compound. The residue on tn-atment 
with caustic potash yields the free bases which 
can be jiartially sejiarated by eonden.salioii, the ' 
more volatile monomethylamine o.si-aping ct)i'- ] 
densation rAay be received in hydrochlonc acid. 

The mixture of the, free bases is then treated 
with ethyl oxalate, the tnniethylaniine leniams 
unacted upon, the dimeth) laiiinie is converted 
into the ethyl ester of dimethyl ovamic aeiil, 
whilst the mono- base is convei-tedmto dimetlni 
oxamide. The latter is dillicultly soluble in cold 
water, and is thus sejiarated fiom the dimethyl- 
iimine compound, which is then di, billed A\ith 
potash ^ 

(Cl],)..N*(',0,(<)C.Jl5)d- 2KOH 

=-(K0)2C2O^-l-C2ll6OH i-(Cll,),NH 

The alcoholic solution is neutralised uith 
hydrochloric acid, evaporated to dryne.ss, and 
decomposed by caustic jiotash. 4’ho hydro- 
chloride of dimethylamine can be freed from j 
admixed ammonium chloride by treatment t ^rith ] 
chloroform, in which the latter is insoluble i 
(Bchrcnd, Annalen, 1883, 222, 119). 

By the reduction of a mixture of forlnaldc- 1 


hyde and methylamino with zinc-dust and 
hydrochloric acid (D. R. P. 73812). 

Dimethylamine can be obtained by heating 
thiodimethylamine (185 grammes) with sulphuric 
acid chloihydun (130 grammes), the temperature 
being raised gradually and the mass finally 
heated for 2-3 hours at 130°-150°. On cooling 
the product is shaken with ether to remove 
benzcncthiochloridc, and the residue is treated 
Avith water, made alltahne, and the dimethyl- 
amine is separated by distillation in steam 
(I). K. P. 105870 ; Frdl. 1807 -1900, 34). 
j An almost theoretical yield of dimethylamine 
j hydrochloride is oblaineil by adding powdered 
j nitrosodimethylauihne hydrochloride and a few 
zinc shavings to a nearly boiling, dilute aqueous 
I solution of .sodium hydroxide, the, amine being 
I absorbed in eoiieontratcd hydrochloric acid 
j contained in a I’chgot’s U-tiiLe (Menscliutkin, 

I J. Russ. Jdiys. Chem. Soc. 1808, 30, 243 ; Norris 
j and Laws, Amer. Chem. J. 1808, 20. 54). 

The fii'c base can be liberated by treatment 
with caustic soda. 

/Oop(TOc6-.— -Dimethylamine is a colourless, 
inllaiiimahle liquid witu a strong ammoniaoal 
smell. Bromine acta iqioii an aqueous solution 
lornnng ihmothylamine hypobiomite and bro- 
mide, N((Mlj),H-HBrl) and NH(tJf 3 )./]IBi ; 
or, il t)i(' bi online be in excess, the unstable tri- 
broinide N((JH_,)^Bi' 3 , a, yellow' flocculeiit preeiju 
tate, IS obtained (Raschig, Bei. 1885, 18, 2250). 

At d" it eoiubjiies directly with two atoms of 
In online (Itenisen and Norns, Amer. Chem. J. 
18, !I4). 

When oxidised with hydrogen peroxide it 
yields iiitioiis acid, loimalch-hyile and formic 
acid (l)iiiistan and Colliding, Cliem. fcioc. Trans. 
J8!l0, 100!>). Wit h Nc'.ssler's icagcnt, dimethyl 
amine gi\e.s a white precipitate. 

When lieated with liydrogen at 820°-J]20°, 
liydrtx yamc acid, methane and ainnionia aie 
formed, the lelative quantities of the jiroducts 
(h'peiiding on the quantity of h^-drogen present 
(Voerkelius, CIk'iii. Zeit. lOOO, 33, 1025, 1078, 
1000 ). 

Dimethylamine foims salts resembling those 
of ammonia ('I'lqisoe, J. 1883, 018; Delepine, 
Ann. Cluin. jvii j 8, 459; Norris and Laws, 
Is. ; ' and 400 ; Ragland, Is. ; Cook, Is. ; 
Jorgensen, Zeitseh. aiiorg. Chem. 1900, 48, 374). 

Jhtucdu/latmrK' ' dihjdroihlondi is a wdiite 
crystalline substance formed by passing diy 
hydrogen chloride into the base or into the 
normal hydrochloride (Kauller and Kimz, Ber. 
1000, 42, 385). 

Dimethylchloramine Me.NCl, b.p. 40°/705 

mm,. IS obtained in the same way as the mono- 
I methyl deiivative, and has similar properties 
(Berg, l.t ). 4’!h! eoirespomling bromo deriva- 

tivt- has b.p. (»4.‘ -00° (Seliwanoft, Ber. 1893, 26, 
423 ; Wilkstattc'i and Jlottenroth, Ber. 1904, 37. 
1775). 

Other halogen derivatives are described by 
Cohn (J. pr. Chem. 1897, [in] 50, 345) and Knorr 
(Ber. l‘K)4, 37, 3504). 

Dithiodimethylamine is a reddish- 

yellow liquid, b.p. 82°~83°/22 mm., 170°- 
180 '/700 mm. (dccomp.). It is decomjiosed by 
acids into the amme, sulphur, and sulphur 
dioxide (Michaehs and Luxembourg, Ber. 1895, 
28, 105). 

Dimethylnitramine MegOgN^ forms bright 
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colourless needles, whilst the isonitramine is a 
liquid, b.p. 112° (Franehiraont and Umbgrove, 
l.c. ; Lachman, Amer. Chera. J. 1899, 21, 483; 
Bamberger, Ber. 1895, 28, 402 ; Kirpal, ibid. 537). 

Dimethylamine acetone NMoj-CHa COMe is 
prepared by adding chloracetone to an aqueous 
30 p.c. solution of dimethylamine. It is a 
colourless oil, b.p. 123°, miscible with water, 
3 delding a platinochloride, which forms beautiful 
crystals, m.p. 170° (docomp.). It also yields a 
hydrochloride; an aurichlorido (m.p. 145°-140°); 
a methiodide (m.p. 108°) ; and an oxime, m.p. 99° 
(Stoermer and Dzimaki, Her. 1895, 28, 2220; 
1890, 29, 866). 

Methyl dimethylaminoacetate is a volatile oil, 
boiling at 135°. 'I'he corresponding ethyl cora- 
pouna boils at 149°-150°- 

Methyl )3-dimethyIaminopropionate 

NMo-Cir.-CIIa-CO.Mo 

b.p. 154 ‘5°, yields a methiodide. m.p. i91°-192° 
(docomp.), which, when warmed Mith alkalis, 
gives acrylic acid and tiimethylarniiKN uhiLst 
with silvtT oxide it gives jS-trimothylpropio- 
betaine (Willstattcr, Ber. 1902, 35, 584). 

Methyl-y-dimethylaminobutyrale has b.p. 
171'5°-173 ‘, and yields a crystalline aunchloridc 
and picrate. 

Dimethylaminodimethylacetal is a colouile.ss 
mobile liquid, b.p. 137 ‘5°, which has no reducing 
properties. Other dirm'tliylaimiio derivatives 
of aliphatic acids have also 'been prepared 
(Willstattcr, Ber. 1902, 35, 1378). 

Liiiicthylaniino derivatives of aliphatic 
hydrocarbons arc described by Willstattcr ( Ber. 
1901, 34, 129; Amialcri, 1903, 320, 1); Duden 
and Lemme (Ber. 1902, 35. 1335) ; Ilochstetter 
and Kohl) (Monatsh. 1903, 24, 773) ; Bouveaiilt 
(Bull. Soc. chim. 1904, [in.] 31, 1300, 1322). 

A number of metliyl and dimethyl amino- 
carbinol derivatives of the typo 

RiIl,C(OIT)OH.,NR3U4 

(where R^, R 2 =alkyl or aryl groups, Rj— 
methyl or other alkyl, and Rp~=an alkyl group 
or hydi'ogen) are obtained by the action of 
methyl or dimethylaimue on an ethylene oxide 

- 

H^RjjC CHg (U. R. P. 199148 ; • Frdl. 

1908-10, 975 ; also 1). R. P. 173010 ; Knotr and 
Matthes, Ber. 1901, 34, 34^). 

These substances, which have valuable 
anessthetic properties, and are less toxic than 
cocaine or eucaine, can also be obtained by 
treating aminoacetoiies or e.sters of amino acids 
containing a tertiary ammo group with magne- 
sium organo compounds of the type R'Mg'X 
(D, R. PP. I(i9819, 109740; Frdl. 1905-07, 
1029, 1033). 

Esters having pronounced sopoiitic properties 
and a low toxicity are jiroduced^by condensing 
alkyl dimethylaminohydroxywobatyrates with 
anhydrous chloral (D. R. p'p. 203043, 198300, 
202167 ; Frdl. 1908-10, 980, 984, 1000). 

For other dimothylamino compounds used 
in medicine, D. R. PP. 121051, 129967; 
Frdl. 1900-02, 1219, 1226 ; J. Soc. Chem. Ind. 
1909, 491. 

Dlmethylamlnoparaxanthine known in com- 
merce as parazirie, is an energetic diuretic 
(D. R. P. 166901, 1905) and is decomposed into 
2 ; G-Dioxy- 8 -dlmethylamino- 7 -metfaylpurine, 
nup. above 319°, a crystalline substance which 
You IV -T, 


can bo separated from the urine and has also 
a strong diuretic action (Forschbach and Weber, 
Arch. exp. Path. Pharm. 1907, 50, 180). 

Dimethylamine reacts in equimolccular pro- 
portion with polyhydroxyaromatic compounds 
forming addition products with alkaline 
reaction which can be used for developing in 
photography without further addition of alkali 
(1). R. P. 141 B»J ; Frdl. 1900-02, 1217). 

Diraethylammc is used in the production of a 
large number of valuable dyestulls ; thus violet 
to blue dyestuffs are obtained ly heating 
gallocyanine with mono- di- or tri-inethylamino 
(D. R \n\ 574.59, 05000 ; Frdl. 1890-94, 307). 

Blue dyes are also obtained by the action of 
dimctliylamine- on the dves of the oxazirie series. 
Tho substances so oblamcd differ from the 
parent dye m giving purer colouis and in being 
stable towatds alkalis (J). R. P, 54058 ; Frdl. 
1890-94, 373). 

JScf also Freund and VA'irsing, Bor. 1907, 40, 
204; D. R. i‘P. 172079, J0B>(;5; tho article 
on Aminks and the various ])arent dyes. 

When dimethylamine is heated with p- 
aniinophenol-azo-/5 -naiihthol and formaldehyde, 
a dark-broMii powder is obtained, which is a 
good dyi' for tannined cutton (1). R.. P. 95540 ; 
Frdl, 1897-1900, 555), 

3-Dimethylaminoanthraquinone is obtained 
when dimethylaminobenzoylbenzoic acid (1 part) 
is heated with concentralod sulphuric acid 
(10 parts) at I75°-180'^. It forms red needles, 
m.p. 181°. When 12 parts of sulphuric acid is 
used, and tho temperature is kept at 80°, di- 
methyl -aminoanthranol is formed, but is readily 
oxidised to tho anthraquinol by ferric chloride 
(Haller ami (iuyot, Compt. rend. 1898, 120, 1544 ; 
D. R. P. 108837). 

1 -Dlmethylamino - 5 - phenoxyanthraquinone, 
m.p. 147°- 149°, and similar compounds whicli 
form important matin ials for the manufacture 
of dye-stuffs, have been obtained by treating 
the coiiespondmg anthraqiiirione derivative 
with the desired mono- or di-alkylamine in 
pyridine solution at J 10°-1 15° (I). R. P. 105728 ; 
Frdl. 190.5-7, 289). 

For other (limcthyiaimnoanthraquinono de- 
rivatives, .SIX' yeverin, (!ompt. rend. 1900, 142, 
1274; D.R.PP. 130777, 130778; Frdl. 1900-02, 
374; 1). R. P. 140091 ; Frdl. 1902-04 ; D. R. PP. 
140091, 1904 ; 205090, 1909). 

Dimethylamine, when heated wiUi fluorescein 
chloride or dichloroiluorescein chloride in 
presence of zinc chloride at 100°-170°, gives 
! derivatives of chloroaminofluoran, whilst at 
i higher temperatures rhodamincs are produced 
! (D. R, P. 139727, 1903). 

Chloromcthyl- and dimcthyl-aminoffuoran 
form pink crystals, melting at 108° and 218° 

; respectively. 

Dimethylaminocamphor is a itilouriess oil, 

, b.p.241°/768mm. It docs not reduce Barreswil’s 
I solution, and is only slowly acted on by silver 
; nitrate. It forms a picrate, pi.p. 220° (decomp.) ; 
hydnodide, m.p. 251° (dccomp.); a platini- 
! chlonde, m.p. 21 1° (decomp.) ; and acetate, m.p. 
I 251°, with evolution of gas (Forster, Chem. Soc. 
I Trans. 1905, 240 ; Rabo and Hchneider, Ber. 
I 1988, 41, 872). 

I 5-Dlmethylamlnouracll 

' FH 

^^<CO*C(NMe,)-"^^ 

Y 
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is formed by treating 5-broinouracil with di- 
methylamino, and forms odourless plates, m.p. 
297® (deoomp.) (^Vhoelc^ and Jamieson, Amer. 
Chem. J. 1904, 32, 342). 

Trlmethylamine NiCHg)-,; b.p. 3-2®-3-8® at 
764*6 mm., sp.gr. 0*602 at —5*2® (Hofmann, 
Ber. 22, o99 ; sp.gr. 0*673 at 0° (Bleunard). 
Does not solidify at —76® under a pressure 
of JO mm. ; forms a ci’ystalline hydrate with 7 
molecules of water, molting at 4*3®. Occurs 
in certain plants, c.g. Chcnopixlimn Vulmna 
(Linn.), Arvica moiUava (Linn.), Jxhagadia 
haslala (Australian Salt Bush), hawdhorn 
blossom, pear and wild cherry blossom, in ergot 
( J^essaignes, J. 1867, 481 ; Walz, ,1. 1862, 562), 
in certain lichons such as the Siiria fidigwosa, m 
hops and in ood-hver oil, m bone oil and guano 
(Zopf, Annaien. 1897, 297, 272). It also ocema 
in various animal fluids, e.g. in calves’ blood 
(Dessaignos), and in human urine (Bilippi, 
Zeitsch. physiol. Chem. 1906, 49, 433). Also in 
large quantities in herring brine, which owes 
to it its peculiar siiiedl (Wertheira, J. 1861, 
480). 

It is also fi product of the decomposition ol 
fibrin by slrcplororn (Kmmerlmg, Ber. 30, 1863). 

It IS olitained by, treating methyl iodide 
with ainmoma (Hofmann) ; by the diKti'll.dion of 
totramethylammnnium hydroxide (Hofmann, 
Annaien, 93, 326) ; by distillation of narcotine 
(Werthoim, tbid. 73, 208), or codeine (Anderson, 
ibtd, 77, 367), with potash. 

By the action of methyl alcohol on magnesium 
nitmio (Szarvasy, B('r. 1897, 30, 306). By the 
reduction ol trimethyloxamino vMth zinc-dust 
(Hantzaeh and Hdlnnd. Ber. 1898, 31, 2058; 
Dunstan and Coulditig, /.< ). By the interaction 
of hexamethylenetetramine i\ith formaldehyde 
(Esidiwoiler, Bor. 1906, 38, 880). 

By heating a mixture (»f ammonium chloride 
(1 part) and tnuxymethyleiie (2*(i6 parts) under 
reflux at 120®-17(B (Schmitz, 1). B i\ 270260). 

By heating a mixture of ammonium chloride 
and formaldohydo (cf. Jdethylaniine). Of. 
Werner, Chem. Soc. Trans. 1917, 111, 844. 

By the putrefaction of yeast or of wheat meal 
( Hesse, J. 1857, 403). Also by the dry distillation 
of ‘ vinassos ’ from the beetroot sugar manufac- 
ture (Vincent, Bull. Sue. chim. [ii.] 27, 160). 

Preparation , — The crude methylaiuine from 
the ilistillatioii of the ‘ vinasso ’ is treated with 
sulphuric aojd, the solution evaporated to a 
syrup and treated with absolute alcohol, the 
monoincthylamine sulphate is thus precipitated. 
The filtrate is treated with the propei amount — 
1 molecule for ovei*v 2 molecules <4 primary 
amino present — of ethyl oxalate, and alloM cd to 
stand for 24 hours. The precipitate, consisting 
of a mixture of di-wobutyl oxamide and di- 
i.vopropyl oxamide, is lilterod off and the filtrate 
distilled ; tlJj residue is then decomposed by 
potash, the free bases received in alcohol, and. 
the alcoholic solution mixed at 0° with ethyl 
oxalate (1 molecule to each molecule of free base) 
and allowed to stand for a day. The mixture 
is then distilled, and the triethylamine obtained 
pure. The non-volatile residue is made slightly 
alkaline with milk of lime and evaporated, 
calcium isopropyl oxamato first crystallises opit, 
and then calcium ethyl oxamate. The mother 
liquor, on addition of alcohol, gives a precipitate 
of calcium methyl oxamate, whilst calcium 


dimethyl oxamate remains in solution (Duvillier 
and Buisine, Ann. Chim. [v.] 23, 299). 

A mixture of hernng pickle and lime is 
subjected to distillation, the alkaline distillafe 
is neutralised with hydrochloric acid, evaporated 
to dryness, and the residue treated with alcohol, 
which leaves the ammonium chloride undis- 
Bolved. The solution is evaporated, the residue 
•lissolved in a little water, and redistilled with 
lime, the vapours being led through an empty 
bottle to separate less volatile constituents, and 
then conducted into water or condensed with ice. 

60 grammes of ammonium chloride are heated 
with 440 grams ol 40 ]).e. formaldehyde solution 
in an autoclave at 120®--! 60®. 

Trimet hylainine can more readily be obtained 
in a pure stale by the distillation of tetramothyl- 
ammonium hydroxide (Schmidt, Annaien, 1892, 
267, 264). 

/'ropir/iV.v.— I’ninethylaminc is a volatile 
liquid with a strong, lish-hkc smell. It is veiy 
soluble in wate.r, and possesses strong basic pro- 
pmties, although it can bo displaced from its 
compounds by cither mono- or di-metllylamine. 
It is not acted upon by formaldehyde, and hence 
it may be delenniiied in iircsc-nce of ammonia 
(Budai, Zeitseh. jihysiol. Cliem, 1913, 86, 107). 

When heated at 800"- i 000® it decomposes 
alnio.st quantitatively into hydrocyanic acid and 
methane, whilst at 600®, ictramdliyl hydrazine is 
formed (Voetkehus, (’hem. Zeit 1909). 

When ])asscd through a hot tube with 
hydrogen it deeoni]>oses, forming dimethyl 
dimcthylene diamine (Cllo)o(CH.,) .N.,, ammonia, 
cyanogen, and other products (Boincny, Ber. 1 !, 
836). It forms salts with a.eids, of which th»'- 
hydrochloride is of some importance ; it has been 
suggested to employ it in the manufacture of 
potassium carbonate from potassium chloride by 
a jirocess analogous to the Sol v ay ammonia soda 
process. Ammonia cannot be employed in tbis 
process, since ammonium chloride has only 
about the same solubility as potassium hydrogen 
carbonate, whilst tnmethylaminc hydrochloride 
IB very much moie soliihlo. 

For a number of salts formed by trimctbyl- 
aminc with inorganic salts, atc Guarcschi, l.c. ; 
Christensen, l.c. ; Ragland, l.r. ; Cook, l.c. ; 
Hofmann and Marburg, l.c. ; MyHus and 
Foerstor, Ber. 24, 2424 ; Wiede, ibid. 31, 3146 ; 
Michael and Hibheri, Annaien, 1909, 304, 64. 

Trimethylamine dibromide NMe^Brj is formed 
by passing dry trimethylamine into ice-cold 
bromine, or by heating trimethylamine hydro- 
bromide (1 molecule) with a small quantity of 
hydrogen bromide and bromine (1 molecule). 
Bmiilar iodine, chlorine, and mixed halogen de- 
rivatives have also been obtained (Remsen and 
Norris, Amer. Chem. J. 1896, 18, 90 ; .see also 
ITantzsch and Orjif, Ber. 1905, 38, 2164 ; Norris, 
ibid. 3904). ^They are crystalline unstable 
substances. 

For other halogen and halogen acid com- 
pounds of tnmethylamine, see Gabriel and 
Stelzner, Ber. 1895, 28, 2929 ,* Delepine, Compt. 
rend. 1896, 122, 272; Ann. Chim. 1896, 
[vii.] 8, 439 ; Norris, Amer. Chem. J. 1898, 20, 
61 ; Fictet and Krafft, Bull. Soc. chim. [iii.] 
7, 72 ; llaiitzach, Ber. 19l.)5, 38, 2161 ; Kaufler 
and Kiinz, ibid. 1909, 42, 2482). 

Trimethylamine combines with carbon disul- 
pliidc to form a colourless crystalline compound 
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N(CH3)3 CJS^, m.p. 125^ which is somewhat 
unstable ; it is soluble in chloroform, and com- 
bines with dilute acids, but is decomposed by 
strong acids into its constituents. 

Trimethyloxainine {Tnmethylamine oxide) 
Me3N:0,2Hj0 forms needle-shaped crystals, 
m.p. 90°, and is best obtained by the action of 
hydrogen peroxide on an aqueous solution of 
trirnethylaniine (Dunstari and Gouldmg, Ohem. 
8oo. Trans. 1899, 794, 1005 ; Mamlock and 
VVolffenstcin, Ber. 1901, 34, 2499). 

Trimetliyiamine, like dimcthylaminc, enters 
into the constitution of a number of important 
dyes. It also yields derivatives which form 
substances important physiologically; thus it 
reacts with ethylene oxide forming rholiric 


MugN-b I + 

m/ ‘ 


W^itli nionochloraeetic acid producing bdnivc 


English and American doctors have not obtained 
such good results. For the physiological effects 
I of trimethylamine, see Combemalo and Brunei le, 

I Compt. rend. Soc. Biol. 1891, 176. 

I Methylammonium cobaltinitrite 
I {MgNH3)3C0{N02), 

j is prepared by adding to a nearly saturated 
I solution of methylamine hydrochloride, a nearly 
j saturated solution of pure sodium cobaltinitrite. 

I It is a yellow powder, stable when dry, but 
, slowly decomposing in the presence of moisture 
I or on heating. When treated with strong 
; mineral acids it decomposes violently (Cumiing- 
i ham and Tcrkin, Chem. Soc. Trans. 1909, 1604). 
j Monomelhylammonium hexabromoplatinate 
j (NH3Me)2ptBr, and the corresponding di- and 
j tri-methyl compounds are all crystalline sub- 
stances (Gutbier and Bauricdel, Ber. 1909, 42, 
4243). 

Magnesium methylammonium arsenate 


Mc3N+ClCH,-G02H=Mo3N-(!II..-C()-fH(3 
With etliylcno dibromide, to form nenrinc 

^21^ iMe3N<j^^ -f2AgBr 

i soCrotyltrimethylammonium bromide 

CMe, : (Bl/NMejBi 

obtained by the mteiaction of rwbulylcue 
bromide and tnmethylamine, is homologous 
with neuriiic bromide, and, like valeryltrimcthyl 
ammonium bromide, closely re.simiblVs it in its 
physiological action. Dibronuwbutyl trimcthyl 
ammonium bromide and dibromi-sobutyltrime- 
thyl ammonium dibromide and other similar 
* compounds have also been prepared (Kleine, 
Chem. Zentr. 1894, i. IG). 

Ethylene bromide leacts with trirnotliyl- 
aminc in mnlcculai proportion at 100°, yielding 
tetramcthylammoiiium biomide, trinuithylviiiyr- 
ammonium bromide (ncurinc bromide), di- 
mcthylamine bromide, and other compounds. 

Propylene and amylcne biornides also read 
with trimethylamine yielding a number (»f 
methylammonium comiiounds (Klcmc, l.cp). 

Trimethylamine reacts with halogen ketones, 
forming ketomc bases (fcJchmidt, Arch. Pharm. 
1898, 236, 334). • 


MHgMe-MgAsO^.SHaO 
: and the triinothylammonium compound 
NHMcj-MgAsOi.OH^O 

: arc white crystaUinc powBors (Brisac, Bull, fcsoo. 
cliim. J903, [iii.] 29, 69 1). Similar mothylam- 
' monium phosphates have also been prepared 
(Poiclier and Brisac, ibid. 687). For other 
methyl amiiioiiium compounds, see Keynolds, 
’ Chem. fcjoc. Trans. 1891, 394 ; Fran9oi8, Compt. 
rend. 1905, 140, 1097 ; Gutbier, Zcitsch. physikai. 
: Chem. 1909, 09, 304. 

Tetramethylammonium NiCHa)^, ktramc- 
I thylium, according to Palmaer (Zoitsch. Elek- 
j trochom. 1902, 8, 729) is produced when a solu- 
I tion of tetramcthylammomuin chloride or 
! hydroxide in hquid ammonia is electrolysed 
I between platinum electrodes, but it could only be 
I observed as giving a transient blue coloration 
I and could not be isolated. 

The base, Tetramethylammonium hydroxide 
NMe^Oil is formed as the pentahydrato 
NMe^OH.OHgO 

I m.p. 02°-03°, by the action of a methyl alcohol 
solution of iiotassium hydroxide on a similar 
! solution of tctiamethyl ammonium chloride, 
i When this hydrate is desiccated it forms a 
I trihydrate, m.p. 69°-00°, and a monohydrate 
j which decomposes at 130°- 136° without melting 
I (Walker and Johnson, Chom. 8oc. Trans. 1906, 


Trimethylacetonylammonium chloride {rop - ' 
rine chloride) AcCH/NMe3(.1 is a cryetalhno su In- 
stance which gives a iilatinochloride, yellowish 
red needles, m.p. 238°-240° ; an aunchloride, 
beautiful yellow needles, m.p. 139’5° ; and an 
oxime, colourless plates, m.p. 212° (Furnw, 
Arch. Pharm. 1898, 230, 334). ‘ 

Trimethylacetonylammonium bromide melts | 
at 190°, and at 196° it gives ci^o to a yellow | 
distillate, and tetramethylammonium bromide ' 
(Brendler and Tafel, Ber. 1898, 31, 2083). 

For the interaction of tnmethylamme with 
other aliphatic compounds, see Malbot, Bull. 
Soc. cliim. fiii.] 0, 846, 709, 711 ; ibid. 7, 213 ; 
Duvilher, ibid. [m.J 23, 507 ; Monozzi and 
Pantoli, Gazz. chim. ital. 23, ii. 209 ; Hartmann, 
Chem. Zentr. 1896,^. 999 ; Andr6, Compt. rend. 
1998, 126, 1107 ; Benary, Ber, 1908, 41, 2399; 
D. R. P. 196813 ; Frdl. 1908-10, 990. 

In France and in Russia trimethylamine has 
been employed successfully in medicine, but 


955). The hydroxides are hygroscopic, strongly 
alkaline, and readily absorb carbon dioxide 
when exposed to the air. When heated they 
decompose forming methyl alcohol and tri- 
methylamine. The iodide :N{CH3)41 is the mam 
product of the action of ammonia upon methyl 
iodide (Hofmann, Proc. Roy. Soc. 1861, 381), 
or by heating trimethylazoriium iodide with 
methyl iodide at 126°-130° (Harries and Haga, 
Ber. 31, 69). It forms quadratic pfisms soluble 
in hot water, but only shghtly in cold water ; 
sp.gr. 1'84 (Schroder, Ber. 12, 602). Similar 
chlorine and bromine compounds are also known. 

Tetrametbylammonium pentaiodide 
m.p. 126°- 127°, is obtained by the action of 
methyl iodide on nitrogen iodide (Silberrad and 
Smart, Chem. Soc. Trans. 1906, 173). 

Cetramothylammonium forms many salts 
which have the power of producing crystalline 
double compound with many metallic salts {v, 
Topsoe, J. 1883, 019 ; Risse, Annalen, 107, 223 ; 
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Lessen, ibid. 181, 374 ; Ragland, l.c . ; Prescott, | 
J. Amer. Chera. Soc. 1898, 20, 96 ; Wiede, l.c. ; \ 
Auld and Hantzsch, Bor. 1905, 38, 2686 ; j 
Milbauer, Zcitach. anorg. (^hem. 1907, 63, 136 ; 
Schmidt, Chem. Zentr. 1907, li. 1593; Braun, : 
Ber. 1908„41, 2123 ; Kaufler and Kunz, l.c.). 

Tetramethylammonium formate {Forgeniv^) 
H'C02*N(CH3)4 is obtained by the action of 
tetramethylammonium iodide on silver formate. | 
It is a white crystalline, odourless, hygroscopic 
substance, stable in dry air and in solution, 
decomposing above 200°, and giving the re- 
actions of formates (Vanzetli, (Jhem. Zentr. 
1906, ii. 1347). 

Forgenine is employed in medicine, but in 
large doses it is toxic, and may even prove fatal 
(Piccinini, (4iem. Zentr. 1907, i. 651). 

a -Methyl hydroxylamine Mer)NH2 is formed 
by treating methyl ethyl benzhydroxamate with 
hydrochloric acid (Lossen and Z^nni, Annalen, 
1876, 182, 225). The liydroehlorido forms 
prisms, m.p. 149°, and gives an t>rnnge-rcd 
crystallbio jilatinochloride (Lossen, Ber. 1883, 
16, 827 ; Petraezek, ibid. 827 ). 

j9-Methyl hydroxylamine MeNH OH is formed 
by heating benzs’?//? aid oxime methyl ether or its 
intro derivative with hydrochloric acid (T)ittricb, 
Ber. 1890, 23, 3598; Kjcllin, ibid. 1893, 26, 
2382), hut is best proparetl by the electrolytic 
reduction of nitromothane in alcoholic suljdiuiic 
acid solution at 15”-20° (Piorron, Bull. Soc. 
chim. nii.l 21, 783 ; sex also Hamberger, Ber. 
1894, 27, 1350; Kirpal, ihiil. 1882, 25, 1715). 
It forms long prisms, m.]!. 42°, b.p. 62-5°/15 mm., 
sp.gr. 1*0003 at 20°/4°. It is readily soluble in 
water and alcohol, docomjioseK on standing, and 
is reduced to metliylamine by bydriodn* acid. 

The hydrochloride has m.p. 88° !K)° ; the 
vicrak m.p. 128°-130°. 

a-Methyl /?-ethyl hydroxylamine NlIEtOMe 
is a colourless alkaline liquid, b.j). G0°-61°, 
readily soluble in water and does not reduce 
silver nitrate. It forms a hydrochloride and a 
platinichloride. fi-Meihijl a-cthjl hydroxylawwc 
has b.p. 65°-66'5° and similar properties to the 
a-niethyl )3-ethyl compound (Jones, Amer. Chem. 
J. 1907, 38. 253). 

aj8-Dlmethylhydroxylamine hydrochloride 

forms long prismatic iveodle.s m.p. 1J5°-116“. 
It is volatik^at 100°, does not reduce Barreswil’s 
solution or silver nitrate. The platinochlorido 
forms red prismatic crystals which melt at 
180° (decomp.). The free base is a colourless 
volatile liquid, b.p. 42-2°-42-6° (Jones, Amer. 
Chem. J. 1898, 20, 1). 

Methyl hydrazine CIl^HN NH™ is prepared 
by the reduction of diazoraethane with sodium 
amalgam and alcohol, or by agitating methyl 
iodide with dkcess of mothylhydrazine in aqueous 
solution (Pochmann, Bor. 1895, 28, 859 ; Harries 
and Haga, ibid. 1898, 31, 56). A colourless 
liquid with aminoniaoal smell. I’he sulphate 
NHOHa-NHa.HgSO^, a crystaUine compound, 
is obtained from methyl hydrazine carbamide 
which results from the action of nascent 
hydrogen upon nitroso-methyl carbamide 
NH, CO-N(CH3)NO (Briining, Ber. 21, 18^)- 
The oxalate has m.p. 166°. Methyl hydrazine 
gives benzoyl and other derivatives (Michaclis 
and Hadanok, Ber. 1908, 41, 3286). 


rw-Dimethyl hydrazine (CH3)2N^-NH2 ; b.p. 
62-5° at 717 mm. ; sji.gr. 0*801 at 2*2° ; b.p. 63*9° 
at 762*6 mm. ; sp.gr. 0*7914 at 22*3°/0° (Brubl, 
Ber. 1897, 30, 160) ; from nitroso-dimethylamine 
and nascent hydrogen (zinc-dust and acetic acid) 
in alcoholic solution (Renouf, Ber. 1880, 13, 
2171), or by the dry distillation of trimothylazo- 
nium h3'^droxide (Harries and Haga, l.c. 68). It 
has a strong ammoniaoal smell, and is very 
soluble in water, alcohol, or ether. It is decom- 
posed by nitrous acid into nitrous oxMe and 
dimeth5jamine. 

The oralaic has m.j). ]42°-143°. 3’ho 

cyanide crystallises in beautiful needles and 
I decomposes at 0°-10° (Peters, Ber. 1906, 39, 
2784). . ^ 

i -Dimethyl hydrazine MebJH-NHMc is ob- 

tained by the action of methyl iodide on jiotas- 
aium or lead diformyl hydrazine (Harries and 
; Klamt, Ber. 1895, 28, .504 ; Harries and Haga, 
l.c. 63), or by boiling the methyl iodide salt ot 
' methyl jiyiazole with strong potassium hydro- 
; xide (Knori* and Kohler, Ber. 1906, 39, 3257 ; 
j Knorr, ibid. 3265). Tt is a mobile, colourless, 

I fuming liquid, b.p. 81°/747 mm., with the 
' characteristic odour of alipliatic h^^druzines. It 
' disHolv(‘s in water wdth evolution ot beat, attacks 
cork, rubber, and the ei»idermis, and its vapour, 
wlicii mixed with air, burns with a faintly 
luininouH llame, depositing soot, and Is liable to 
explosion It is a fairly strong n'dueing agent, 
and forms salts with r.iineial and organic acids. 
It also foiins a semieaibazide and a jihcuyltbio- 
scmiearbazide. m.p. 115"; a dibenzoyl deriva- 
tive, m.p. 85° ; a dimethyl piorazide, m.p, 141°, 
and other derivatives (Knorr and Kohler, l.c.). 

Trimethylapnium iodide KH-gNMoal is ob- 
tained by agitating an aqueous solution of 
hydrazine hydrate with method iodide and ’ 
caustic potash, it resembles aininonium chloride 
in crystalline structure, and has m.p. 235° 
(deeomj).). It is converted into hydrochloride 
when acted on by silver chloride, and into the 
hydroxide by its interaction with silver oxide 
(Harries and Haga, l.c.). 

Tetramethyl tetrazone (CH 3)3^ •N:N*N(CH3).., 
b.j). 130° ; a yellow explosive oil, slightly soluble 
in WiVtcr. It is a strong base, and its salts are 
very boluhle in water ; it reduces silver solution 
with formation of a piirror (Renouf). 

Me'ihylene Compounds. 

Methylene CH^, a dibasic radicle not known 
in the free state. 

Methylene diacetate CH2(C2H302)2. B.ji. 
170° ; from methylene iodide and silver acetate 
(Butlcrow, Annalen, 107, 111); from chlor- 
mcthyl acetate CLHgOa’CHjCl and potassium 
acetate (Henrj;,*-Ber. 1873, 739). A liquid de- 
coiuiiosed by water at K)0° into acetic acid and 
trioxymcthylene. 

Methylene bromide CUgBr^, Dibrovnoniclhane.. 
B.p. 96*6°-97*5° corr. ; sp.gr. 2*4986 at 15°/16°, 
2*47745 at 25°/25° (Perkin, Chem. Soc. Trans. 
1884, 520). Obtained by the action of bromine 
upon methylene iodide under water (Butlerow, 
Annalen, 111, 251) ; from diethyl bromide and 
bromine at 250° (Steiner), or by the action 
alurniiiium bromide heated to 100° on trioxy- 
mctliyleue (Gustavson). 

A liquid which, by the action of water and 
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excess of lead oxide at 150® gives ethylene glycol 
{EltelcofiF, Ber. 0, 558). 

Methylene chloride OHoClj, DicJdormfihane. 
B.p. 41-6° corr. ; sp.gr. 1 -^71 at 0®/4‘^ (Thorpe, 
(.'hem. Soc, Trans. 1880, 195); b.p. 40®; sp.gr. 
I •.‘13771 at 15°/]. 5", 1-32] 97 at 25^/25® (Perkin, 
ibtd. 1884, 527) ; b.p, 40*41° (corr.) (Thorpe and 
Ro(^er). From methane and chlorine after pre- 
liminary fonnation of methyl chloride (Kegnault, 
Aniiaien, 33, 328) ; from methylene iodide and 
chlorine (Butlerow. Annalon, III, 251). 

Preparation. — A mixture of chloroform (1 
vol.), zinc, and alcohol (3 vok) is gradually 
Ireated with hydrochloric acid and distilled ; 
the distillate, consisting of chloroform and 
methylene chloride, i.s rectified, and the residue 
boiling above 53° is again treated with zinc 
(Crrcene, Chein. New.s, 50, 75). It may also be 
prepared by treating methylene iodide under 
water Avith chlorine. 

Properties. — A colouilcss liquid with a 
pleasant smell, I’csemblmg that of chloroform. 
When heated with water f.o 200°, hydrochloric 
and formic acids and methyl chloride are pro- 
duced’; the latter, on further heating, forming 
iiK'thyl alcohol and hydrochloric acid. With 
aqueous ammonia at 140° it forms ammonium 
chloride, methylamine hydrochloride, and formic 
acid (Andre, (Jompt. rend. 102, 1474). When 
treated with ammonia, dissolved in methyl 
alcohol, hexamethylcnelotraminc is obtained. 

Methylene chlorobromide Clf.ClBr, (Udoro 
brom/)imthaH(\ B.p. ()S°-()0° at 70.5 mm. ; sp.gr. 
1*9907 at 19°/19°; V. LX— 4*43 (Henry, (jumi>t. 
rend. 101, 599). Obtained by the action of 
bromine upon (ihlonodomcthanc. A mobile 
colourless liquid, with agreeable smell. It gives 
rise when treated with 2 inols. of ammonia in 
saturated methyl alcohol solution for 2 hours at 
f)0°-70° to hexamethylenetetramine hydro- 
bromide, ahimonmm chloride, and ammonium 
bromide. 

Methylene chlorofluoride (JH^CIF, (Jhlor- 
flitormetharie. A gas, V.D. 34'18 (calc. 34-25). 
From methyl lluoiidc and chlorine in sunlight. 
Is colourless, and slightly soluble in, and slowly 
decomposed by, water ; burns with difhculty m 
oxygen (Collie, Chem. Soc. Trans. 1 889, 4 1 2). 

Methylene chloroiodide CH^C/ll, Chioriodo- 
methane. B.p. 109°^1()9A° at 7<)0-4 mm. ; 
sp.gr. 2*444 at 14*5°/I4*5*; V.l). 88*14. An 
oily liquid obtained by the action of iodine 
monochlorido upon methylene iodide (Sakuijii, 
Chem. Soc. Trans. 1885, 198) ; also by action of 
iodine in potassium iodide solution upon mono- 
mercuric motbyleno chloriocbde {ibid. 1882, 362). 

Methylene Iodide OII^Ta, Diiodomethane. 
M.p 4° ; b.p. 180°, with partial decomposition ; 
sp.gr. 3 3.326 at J5°/15° (Perkin, ('hem. Soc. 
Trans. 1896, 1173); M.M.» ,at 15° -=18*827 

(Perkin, ibid. 45, 464). From iodoform and 
sodium ethoxide (Butlerow, Ann. Chim. [lii.] 
53, 313) ; by heating iodoform either alone 1 
or with iodine (Hofmann, Annalen, 115, 267; | 
Dunn, Chem. Soc. Proc, 1910, 116) ; from chloro- 1 
form or iodoform and hydriodic acid (Lebon, 
Zeitech.-Chem. 1868, 712). By the action of! 
iodine on diazomethane dissolved in ether {v. 
Pechmann, Ber. 1894, 1889). A yeilow liquid 
which, when heated with water and copper to 
100®, yields ethylene (Butlerow, Annalen, 120, 
356). With zinc ethyl it forms butane. With 


silver acetate yields methylene acetate; com- 
bines with mercury to form mercuric methylene 
iodide CHaTjHgl. It dissolves phosphorus very 
readily at ordinary temperatures (more than 
1 ; 1). An attempt to prepare the radicle 
methylene (CH^), by heating with silver powder 
produces carbon, methane and ethane and other 
products (Sudborough, Chem. Zentr. 1897, ii. 
180). Methylene iodide, on account of its high 
density, is emidoyedin the mixed solutions used 
for determining the sp.gr. of rocks and minerals 
by flotation, the usual diluents being benzene or 
i ether. 

I Methylene oxide ( v. Formaldehydk. 

1 Methylene sulphides!^ 

Trimeiki/kne snlphidr {CH2B)3, Paralkio- 
\formaldehiide. B.ji. 216°; sublimes without 
decomposition. Formed by the action of sul- 
])huretted hydrogen upon a solution of formalde- 
hyde. Also ly reducing, by means of zino and 
hydrochloric acid, carbon disulphide (Cirard, 
Annalen, iOO, 306), potassium thiocyanate, or 
allyl mustaid oil (llofmann, Ber. 1, 176). It 
also results from the action of potassium sulphide 
on methylene iodide (Husernann, Annalen, 126, 
294; ManafehJ, Jh'r. 1886, 698). It crystallises 
from benzene, i;aibon d’ sulphide, or cldoroform 
in quadratic prisms which are insoluble in water 
and jiossess a penetrating odour. It forms 
crystalline conijiounds with many salts, e.g, 

( \ir5B.,.Hg(3.^, needles, insoluble in water; 
2(', 4383*1^(34, golden-yellow needles. 

Meteithioforniald( hi/de (( 'Ii._,8).’i; is formed by 
leading suljihurcltcd hydrogen for 10 hours into 
a boiling solution of hexamethylenetetramine 
saturated A\ith amijionia (Wohl, Ber, 1886, 
2345). The prccijiitate is purilied by washing 
w'lth Avater and hydrochloric acid, and by 
boiling with alcohol and glacial acetic acid. It 
has a characteristic odour, melts at 175®-176°, 
is not volatile without decomposition, and does 
not form salts with mercuric or platuiic chlorides. 

Methylene hydrogen sulphide CH2(HS)g, 
thiorneihylene glycol, is not known in the free 
state. The (liethyl ether, CHglSCjjHj)^, b.p. 
184°, sp.gr. 0*987 at 20°, is obtained by the 
treatment of sodium merca])tide with methylene 
iodide (C'laesson, J. pr. Chem. [li.] 15, 176). 

Methylene sulphonic acid CH2(803H)2, 
Methane disnlphonie acid, forms very unstable 
needlc-hke crystals. Produced in small quantity 
by the action of sulphur trioxidii upon other 
(Liebig, Annalen, 13, 35; Strecker, ibid. 100, 
199) ; by the oxidation of methylene thiocar- 
bonate (Husernann, ibid. 126, 293) ; from chloro- 
form and potassium sulphite solution at 180° or 
from iodoform and potassium sulphite at 150° 
(Strecker, ibid, 148, 92). 

Pnparalion — Lactic acid or calcium lactate 
is heated -with fuming sulphuric acid until 
sulphur dioxide begins to he •volved ; the 
mixture is then neutralised with barium car- 
})onate. It can also be prepared by heating 

2 volumes of acetamide with 1 volume of fuming 
sulphuric acid ( Buckton and Hofmann, Annalen, 
100, 133). For salts v. Hofmann, Strecker, lx., 
also Monari (Ber. 1885, 1343). 

Hexamethylenetetramine, hexameihykne- 
amine, formamine, ammonio-Jormaldehyde, am- 
monaldehyde, cyatamin, cyetogen, formin, metra- 
mine, urisol, uritone, urotropine, vesalvine 
(CHjlaN^, is prepared by the action of ammonia 
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on trioxymethylene (Butlerow, Annalep, 116, 
322) ; from alcoholic ammonia and methylene 
chloride at 125® (Holand, ibid. 240, 225) ; or by 
passing formaldehyde vapour into a concen- 
trated solution of ammonia, evaporating to a 
syrupy consistency and pouring into alcohol 
( Wohl, Berf 1885, 1842). Commercial ammonium 
carbonate is dissolved in 40 p.c. formaldehyde 
solution, the solution is evaporated to dryness 
under reduced piessurc and the residue is 
sublimed in vacv6f or recrystallised from absolute 
alcohol. It forms rhombohedial crystals from 
alcohol, is insoluble in ether, but readily in water 
and chlorofoim. Thioformaldehyde is produced 
by heating it wuth liydrogoii sulphide. It is pie- 
cipitated irom its aqueous solution by bromine 
as an orange-red tetrabromide 

which, when kept over potash, loj^es two atoms 
of bromine ; the resulting dibromide melts at 
llJ8®-200°. This dibromide when boiled with 
water is decomposed into formaldehyde, water, 
ammonia, and hexamothylonetetramiue. Hexa- 
methylenetotraraino is also precipitated from its 
solutions by mercuric chloride quantitatively. 
In the priisence of araj/ionmni salts it may be 
listimated by heating it with strong potash, 
by which it* is uualicctod, until all ammonia 
IS ox})oUod, then making acid and boiling 
to decompose the hexarncthylene tetramme 
and 8ubse([uently making alkaline and esti- 
mating the ammonia in the usual way {Puckner 
and Hilpert, J. Amer Chem. {Soc. 11)08, 
1471). The purity of a specimen is readily 
examined qualitatively by means of Mc-sshu’s 
solution, wliKili shows the 'ircseiice of ammonia 
and ammonium salts by the usual yollow colour 
or brown preciiiitatc, and of loniialdehyde by a 
precipitate of moroiiry (Wohlk, Zeitsch. anal. 
Chem. 11)05, 705). Many compounds and 
derivatives of hcxaraethyleno tetramme have 
been prepared and patented. The compounds 
with halogen pyrroles and aromatic sulphuric 
acids by 8tango (Kng. Pat, 4804, 1809); with 
plionol and phenol mono- and poly- sulphuric 
acids and their halogen derivatives by the 
Ohemisohe Fabriken vorm. Weilor-ter-Meer 
(1). K. P. 124231); basic compounds liy Karl 
Hock (D. R. J\ 130304) ; cystopurm, a com- 
pound of 1 mol. hexamethylenctotramiiio and 
2 mols. sodiipn acetate by Bergell and Wiilfing 
cEng. Pat. 20003, 1000 ; U.S. Pat. 852003, 1007 ; 
Chem. Zentr. 1007, i. 487) ; the chloral, bronial, 
and butyl chloral derivatives by Lederer (Eng. 
Pat. 17093, 1807) ; the quinate by Wichmaim 
and Clabler (U.S. Pat. 090804, 1002 ; Zimmcr- 
mann, Eng. Pat. 14834, 1800); the salicylic 
acid compound by 0. Imray (Eng. Pat. 22481, 
1895) ; a powerfully astringent compound re- 
sulting from (t.ho condensation with tannin by 
H. E. Newton (Eng. Pat. 10700, 1898) ; ‘ am- 
monium compounds ’ by Farbenfabriken vorm. 
Baeyer & Co, (D. U. P. 104610); the borate 
by Aktien Gesellschaft fiir Anilinfabriken (Fr. 
Pat. 303764, 1906; U.S. Pat. 869036; Kng. 
Pat. 5039, 1906). In addition the following 
derivatives have been prepared : salts of in- 
organic acids and compounds with metallic sajts 
by B. Griitzner (Chem. Zentr. 1898, ii. 663) ; 
halogen derivatives by Horton (Ber. 1888, 1999), 
and Hohnel (Chem. Zentr. 1900, i. 409) ; bromo- 


iodides and chloroiodides by Mounoyrat (Compt. 
rend. 136, 1472) ; the chromate by K. A. Hof- 
mann (Ber. 1906, 3181). Quaternary salts have 
been prepared by Hahn and Walter (Ber. 1921, 
54 [B] 1531). The products of decomposition 
have been studied by Ischidzu and Inouye 
(Chem. Zentr. 1906, i. 1087), Grassi-Cristal^ ; 
and J)i Franco by the catalytic hydrogenation 
w'ith reduced nickel has obtained trimethylamine, 
ammonia, and methane {ibid. 1907, i. 237). 

Methylene tetramethyl diamine 

CH,[N(CH3),], 

13 prepared from formaldeliyde and dimethyl- 
amine (Henry). It hods at 85'', and has sp.gr. 
0-7401 at 18-7“. 

Methylene tetraethyl diamine CH 2 [N (C 
b.p. 166"- 169'’ (168" Henry). Formed by the 
action of tnoxymethylene, 0-5 ]iarts, upon 
die! bylamino, 2l)-2 parts (KolotolT, J. Russ. 
Pliys. Chem. JSoe. 17, 244). It is an unpleasant- 
smelling liquid, insoluble in water, but very 
soluble 111 alcohol ; sp.gr. 0-8105 at 18-7" (Heni-y. 
Ber. 1893 (Ref.) 934). 

Methylene tetiapropyl diamine 

CH2[N(C3H,)2]3 

bods at 225°- 230° with decomposition; sp.gr. 
0-8014 at 18° (Henry). 

Methylene thiocarbonate CH-^CSa. A yellow- 
ish- whitii. amorphous powder insoluble in water, 

: almost insoluble m aFoliol, etlier, or carbon 
disulphide, obtained by the action of methylene 
iodide upon sodium thioeaibonate in alcoholic 
, solution (liusemann, Annalcn, 120, 292). Is 
dccomjiosed by ammonia into ammonium 
thiocyanate and methyli'iie sulfdiide (C'JLS)^. 

Methylene thiocyanate (JH 2 (CSN) 2 , m.p. 
102". Fr(»in methylene iodide and potassium 
tliiocyanate in alcoholic solution (Lennontofi', 
Ber. 1874, 1282). It forms needles or prisms 
wliieb aie almost insoluble in cold, modiTately 
' soluble in warm water, and easily soluble in 
j alcohol or ether. By oxidation, r.g. by nitrie 
acid, it yields methyiene tbsulphonic acid. 

Dimethylene dimethyl diamine 

(CH2)2N 2(0113)2 

A crystalline non-volatile body obtained by 
passing trimethylamiiic and hydrogen through a 
heated tube (Ronieii,^, Ber. 1878, 835). 

Dimethylene diethyl diamine 

b.p. 205°-208". Obtained by healing in a sealed 
tube a mixture of tnoxymethylene with ethyl- 
amine (Kolotoff, J. Russ. Fhys. Chem. Soo. 17, 
231). An oily liquid with an unpleasant odour, 
soluble in cold water or in alcohol. Is decom- 
' posed by hydroo’iloric aeid into tnoxymethylene 
and ethylamiiie: 

fi-METHYLADIPIC ACID r. Fimeuc acid. 

' METHYLAL v. Sykthetic drugs. 

METHYLALLOXAN v. Alloxan. 

METHYL ANILINE /^NH CHa. (1) 

Made by digesting aniline hydrochloride with 
methyl alcohol in an autoclave at 180°, addmg 
! milk of lime and steam -distilhng. (2) Bv heating 
' a mixture of aniline with methyl alcohol in 
presence of iodine at 220° (Knoll and Co. 
1). R. P, 250236). (3) By condensing aniline 
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with formaldehyde and reducing the anhydro* 
formaldehyde aniline (CHa : N-C,Hj )3 with sdno 
and sodium hydroxide (Qeigy and Co., D. R. P. 
75854). (4) By adding formaldehyde (40 'p.c. 

solution) to a mixture of aniline and caustic 
soda containing zinc dust, heating and steam 
distilling (Morgan, Eng. Pat. 102834 of 1916). 
{Of. Erankland, Challenger and Nicholls, Chem. 
Soc. Trans. 1919, 115, 198). 

Methylaniline boils at 192'^. Sp.gr. 0*976 at 
15°. Yields methylethyh'MlhiP (b.p. 201°) on 
ethylation (Claus and ilowitz, Ber. 1884, 17, 
1324. 

METHYL-ANTHRACENE AND OTHER AL- 
KYL DERIVATIVES OF ANTHRACENE (scr 
also articles on Aloks, (Jocuineal, Cukyso- 
PHANio Acid, Cascara. Saorada, Ii^dantiijrene, 
Kermes, Rhubarb, Vat Dyes). In order to 
obtain the higher homologues of anthraceiui, it 
has been found necessary in most eases to resort, 
to synthetical mctliods, as very few of these 
substances have been met with in coal tar. 

The methods usually employed are the fol- 
lowing : — 

(1) Elimination of liydrogiai from the hydro- 
carbons of the CJt)«— u, or senes, by 

passing them through red-hot tubes. 

Benzyl mositylene is thus converted into di- 
methyranthracene. 


CH, 


O.H, I 1 

\/\/ 

m-Diraethylanthracylene. 

And similarly in a number of other cases. 

It should, however, be remarked that the 
results of a number of Elbs’ analyses of these 
anthracylene derivatives agree only so very aj)- 
jiroximately that this explanation can scarcely 
be looked on as completely satisfactory. 

(4) By the prolonged boiling of some ketones. 
Thus di-p-xylyl ketone, when l)oilcd for 6 hours 
under a reflux eondenser yields ( 1 ,1,7) trimethyJ- 
anthracene (Elb.s and 01 berg, Ber. 19, 409). 

Me Mo 


(‘0 


Me' 


\ 


Me 


'Me 


1 


Me 


A1(‘ 


Me 

-OH,- -/■'I 

Mr JMc 


Mo 




/\ 

\/ 

(2) By distilling o-ketonic acids with zme- 
tliisi (Cresly, Annalen, 234-238) ; w-xyloyl-o 
benzoic acid yields i/i dimctliylanthraccne, 


. CO 


XiOOll 


Me 


,'Me 




'Me 


(3) By the action of .suljihiinc acid on 
o-ketonic acids (at about 125°), and subsequent 
1 eduction with zinc-dust and ammonia (Elbs, 
.1. pr. (Jhem. 1.890, 41, 1, (fee ). 


' yio ,, ,1 '|M« 

HJOOII ' ' CO-'\/^'^^ 

o-XyIoyl-0-beiizeu; aci([ o-Bimethylantliraqulnoue. 


CaH,< 


CeH, 


IXh 




>Mo 


/\/ 

(Vi. I 

I0'^\/Me ' . 

o-DimethylauUuaccne. 


Me 

jMe 


This reaction cannot be successfully employed 
in a number of cases where oyc. of the methyl 
groups is attached to the carborV atom next to 
the carbonyl group, as under these conditions 
anthracylene derivatives frequently result {v. 
Elba, l.c, pp. 16-18). 

Thus m-diraethylanthraqiimone, on reduction 
with zinc dust and ammonia, yields m-dimethyl- 
anthracylene and not m-diinethylanthraccne. 


Me 


/C0s^\ 

C.h/ \ I ! 

m-DimethylauthranoI. 


OH Me 

./\/\ 


; (5) 'I'lic homoloiruo.s of anthracene of the 

' froimjIa(\H,((f 2 H()„ll^„+j)C 3 ll 4 aro jiroducedhy 
I boiling the alkylhydioantliranol with alcohol, 
hydioehloijc acid, or [iktic acid. Thus wohutvl 
I hydra nthranol yields i.sobutyIanthraccne. 

j ' C,H, 

1 /C(C,11,)(01I) 

! \CII 2 - C.H^ 

I (6) Homologous arylanthraiienes substituted 
i ill the y ])osition arise when the carbinols result- 
I ing from the action of magnesium aryl halogen 
I compounds on anthraquinono and its derivatives 
, are reduced. Thus diphimyl anthracene results 
. when the corresjainding carbinol is treated with 
! zinc and aectic at;id. 

; Ph 

I Ph 

i /\ .^C(OH). ../X /\/\/\ 

i k 

' In their pnqieities and reactions the homologues 
I of anthracene behave viuy similarly to aiitnra- 
j cone itself. On oxidation with chromic acid 
they yield corresponding aiithraquinone deriva- 
tives. but in most cases the oxidation goes further 
and converts a portion of the aiithraquinone into 
mono-, di-, or tiicarhoxylio acid, according to the 
numbor of side chains present, thus 
(1,3,6) Trimethylanthraeene 
Me 

/ N /\/\ 

Me'. /I j. Jmb 

on oxidation yields first triraethylaithraquinone 
Me 

/\/^''''\/\ 

Me! I (Me 

and ultimately (1,3,6) anthraquinone tricar- 
I boxylio acid 




COOH 


jMe 
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a-Methyl anthracene 

/'\/\/\ 



Accor Jing to BiruUofF (Bcr. 20, 2000), 
a-raethyl anthracene may be ])re])arefl })y tlie 
distillation of methyl erytliroxy anthraquinone 
with zinc-dust. 0. Fischer and tSapj)er (J. ]>r. 
Chem. 1011, [li.] 811, 201), obtained only a small 
yield of the substanee in this manner; the main 
produed/ was anthracene. 'Pho best method of 
[ireparatifin, iiecording to the.«(‘ authors, consists 
in heating 4 -chloio-1 -methylanthraqumono with 
zine-dn.st at a very low nal luait. a-methyl- 
anthracene erystalhsea in long eoloniless needles, 
has ni.p. and is miudi more soluble in 

most sol vents than anthraci'TU' or ^-methylantlira- 
cene. Its solution in alcohol ^('xhibits blue 
fluorescence. With ])ici’ie acid, a-niethyl- 
anthraecne forms a com]ioiind crystallising in 
red needles, having m.p. ll.‘F'-115'\ 

0 : 10- Ihhydro-L-ifi(fhj/l(iv I hrucnie is obtained 
by reduction of a inethylanthraecme in boding 
amyl alcoholic solution by moans of sodium 
(Fischer and Ziegler, .h pr. Chem. 1012. [ii.] 80, 
280). The substance is volatih' in steam and 
crystallises in eoloiiih'ss needles, melting at 30" 
4fC}dorn-\-m.(lhylnnihracc7ic is obtaine.d on 
boiling 4-chloro- 1 -methylanthraquinone w ith 
zinc-dust and afpieous ammonia. It melts at' 

1 12" and, unlihe the eorresjiondmg qumone, does 
not part with halogen on distillation with zine- 
dust. 

The picrah erystalhses from bmizene in 
dark red needles, m.j). 118". 

9 : i0-y>/7i/y'/ro - 4 -chlorn- 1- vuthyhndhacmc 
(Fischer and Ziegler, l.c.) is prejiared by reducing 
4-ohloro-l -inethylanthiaeene with hydrogen 
iodide in glacial acetic a< id solution. Jt 
crj^stallises from methyl alcohol m colourless 1 
needles, melting at 47"--4S". i 

9: 10- lhhydro-9 : ]0-d'ihronio-4 - (hloyomdhyl- 
anihracene crystallised in greenish pri.sm8 from 
toluene and is obtained by the addition of 
bromine to a solution of 4-chloro- 1 -methyl- 
anthracene in carbon disuliihido (Fischer and 
Ziegler, lx,), 

l-Chloro-i-mdhjlanthraywl is obtained by 
reduction of 4-chloro-l -methylanthraquinone 
by means hydrogen iodide m boiling acetic 
acid solution. Bright yellow' needles, m.j). 


It differs from its 4-hydroxv derivative in 
I that it does not lose its methyl group on dis- 
I tillation with zinc-dust. Since a- and ^-methyl- 
I anthracene are obtained on submitting many 
natural products to zinc-dust distillation, it is 
I of imjiortance to bo able to distinguish between 
them. a-Methylanthraqiiinone differs from the 
corre.sjionding )8- compound in turning red on 
cxiiosure to light. Moreover it is oxidised by 
dilute nitric acid at 100° to anthraquinonc-1- 
carboxylic acid, wdiich develops a rose^coloration 
when heated with soda lime. Under these con- 
ditions anthraquiiione-2-carboxylic acid gives a 
blue colour. 

4 -Chloro - 1 -'niclh ylanih raqui nonet 



o-(p-Chlorotoluoyl) benzoic acid, prepared from 
p-chlorotoluene and phthalic anhydride, is 
heated at 100° with oleum (20 p.c. SO3) for one 
to two hours. The reaction mixture is added to 
wafer and the preciiiitate collected, washed with 
alkali and crysfalliscd from acetic acid. The 
yield is 4*4 grams from 5 grams of the acid, 
The .substance (*rystalhses from alcohol in slender 
yellow needles, melting at ]()4°, and is very 
.stable to oxiibsing agints (Heller and iSchiilke, 

: Her. 1908, 4J, 3035; 1). R. F. 21 1907). A bromo- 
1 douvative (M.h.B., I). R. P. 250881) may be 
j ]ire}),iied m iiitiobenzeiie solution. ]t melts 
! above and crystallises in orange needles 

fiom nitrobenzene. Thi.s substance is stated, 
to (lyi‘ cotton orange fioin a vat. 
j 4-Niiro-l-t/n'ihylanthra(i'uin<me {^) is obtained 
[ by treating 1 -methylanthraquinone with con- 
centrated nitric acid (Fischer and Ziegler, Lc.). 
Jt crystallises from acetic acid in glistening 
yellow needles, melting at 262". 

4- Amlino-l-melhylantfn a(jvi7}one may be pre- 
jiared by heating 4-chloro-l -methylanthra- 
quinone (2 grams) with aniline (12 grams) and 
dry sodium acetate (2 grams) at 185° during 
ten hours. It crystallises from alcohol in red- 
dish-!', lack needles, melting at 144°, and moder- 
ately ‘readily soluble in chloroform, acetone and 
benzene. The coi're.sjiondmg p-toluidino-de- 
nvative occurs in dark red rods, m.p. 169°-100° 
(CTriinthal and Ruthenberg, Ber. 1912, 45, 
799 ). 


146°- 146°, readily soluble m benzene and 
chloroform, more sparingly so in alcohol (Fischer 
and Ziegler, l,c,). 

o-Methyl anthraquinone 



is readily prepared by oxidising a-methylantlira- 


2-Hydroxy - 1 -methylanthraquinone 



OH 


IS obtained ly* '■the hydrolysis of its methyl 
other with" concentrated sulphuric acid. It 
crystallises from acetic acid in yellow needles 
which melt above 300°. Its red- violet potassium 


cene with chromic acid in acetic acid solution, 
only small quantities of anthraquinone carb- 
oxylic acid being produced. 

a-Methylanthraquinonc crystallises from di- 
lute acetic acid in small white needles, w'hich, 
when exposed to light, heconio reddish-coloured. 
It melts at )70°-171", is very readily soluble m 
alcohol or benzene, but difficultly soluble in 
glacial acetic acid. 


salt is sparingly soluble in water.^ 

Methyl ether. This is the product of the 
action of sulphuric acid at 166° on 4'-methoxy- 
5'-mothyl-2-henzoylbenzoic acid. It crystallises 
in canary-yellow needles from methyl alcohol 
and melts at 184°, The substance is soluble in 
acetic acid or ethyl alcohol and may be sub- 
limed. It forms a monobromo- derivative, melt- 
ing at 228°, and when dissolved in fuming nitric 
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acid, yields a nitro-methoxy-methylanthraquin- ! 
one which forms canary-yellow needles, melting 
at 179°. The latter on reduction with stannous 
chloride in alkaline solution is converted into 
the corresponding amino compound. This 
amino-methoxy-mothyl antlmaquinono separates 
from methyl alcohol in bright red needles of 
m.p. 187°. Acetamino-methoxy-methyl anthra- 
quinone crystallises from acetic acid in brown 
needles, melting at 204°. On energetic nitra- 
tion, 2-methoxy-l-mcthylanthraqninone yields 
a trinitro derivative (Bentley, Gardner and 
Weizmann, ('licm. 8oc. Trans. 91, 1620). 

5:S-Dichl(tro-2-hi/dnn'jf-l-n)et lujl anth laquiiiovr \ 


yellow compound crystallises from acetic acid 
and decomposes at 230°. 

4-Hydroxy- 1 -methylanthraquinone 

OH 

(Methyl erytliroxj'iinthraquinonc). 

IS produced when a mixture of phthalic anhy- 
dride and p-eroHol is heated with eoiieeiitrated 
suljihurie acid (Biruhoff, l.c.). 

Me Me 


Cl cu, 

’\/\co^V 

Cl 

3 ; 0 : Dichlorphthahe anhydride condenses 
with o-tolyl methyl ether m presence of alu- 
minium chlorule and the product is jirobably 
3 ; G-diehlor-3^-hydroxy-2-o-toluoyl hcnzoieacui. 
This acid on heating aviUi fuming sulphuric acid 
and' bone acid, is converted to the quinone 
which separates liom acetic acid as a yellow 
flocculent powder, decomposing at 249°. It 
should be remarked that in the above metliyl 
hydroxy compounds, the methyl giouji may have 
the position 3 {Walsh and Wei/.maiin, (’hem. 
8oc. Trans. 97, 99 1). 

3-Hydroxy- 1 -methylanthraquinone 


This quinone has been synthesised by the 
followdng seiies of operations (Bistr/ycki and 
Yssel de Schepiier, Ber. 31, 2975). The con- 
deiLsatiun of phthalic anhydride and w,-cresol 
yields a benzoyl benzoic acid which, on reduction, 
furnishes 4-hyclroxy-2'-mcthyldiphenylmcthanc 
carboxylic acid. This coiiijiouiid, on treatment 
with sulphuric acid, is changed w ith loss of the 
elements of water into 1 -methyl-3 : 10-di- 
hydroxy anthracene thus : — , 

CH. eft, 

■ I !ntr I ! ! 


This anthracene derivative crystallises from 
alcohol in needles melting at 224°. Its diacetate 
. forms microprisms from benzene and melts at 
171°-173°. On oxidation with chromic acid in 
acetic acid solution, this diacetate yields the 
acetyl derivative of 3-hydroxy-l^-methylanthra- 
quinone. The derivative ciystallises from al- 
cohol in yellow needles, melting at 130°-135°, 
and on hydrolysis -with alcoholic potash the 
parent quinone is produced. 

3-Hydroxy-l -methylanthraquinone occurs in 
needles, sublimes at 200° and melts at 299°-300°. 
It dissolves in ammonia to an orange solution. 

6:8- Dichloro - 3 - methoxy - 1 - methylaiUhra- 
quinone (Walsh and Weizmann, l.c.) is obtained 
in small yield by treatment of the benzoyl 
benzoic acid from dichlorphthalic anhydride and 
m-tolyl methyl ether with sulphuric acid. The 


! A'O. / - 13 )^ / \ 

!c„H4 ;o I (Vi.< I 

! (X) \/ HX)-^\/ 

; OH , OH 

j Preparaho ■ — 5 } tarts of phthalic anhydride, 
' 2 parts of /v-cresol, and 1.5 parts of concentrated 
{ sulphuric acid arc heated to 190° for ton minutes, 
j the ytroduct jioured into water, the precipitate 
! vv(‘ll washed with boiling water, and extracted 
; with hoilmg dilute eaustio potash solution, 
i 4-Hydroxy-i-inetliylaiithraquinone is obtained 
j from the alkaline soluti^ui by the addition of 
j hydroehlorie acid in yellow' flocks, which are 
I leadily purified by recrystallisation from glacial 
I acetic acid 'J'he jmre substance is thus obtained 
i in beautiful dark-brown needles, melting at 175°. 
i 'Phis quinone imiy also bo obtained by the 
i hydiolysis of its metliyl ether, either by means 
1 ot ai'ctic acid and hydrochloric acid at 100° 
j under pressure or with coiicrnl rated sulphuric 
I acid. Further, the condensation of phthalic 
anliydride and p-cresol is well effected by fusion 
w it h hone acid. A bi'nzoyl benzoic acid results, 
and thus, by fuidher treatment with sulphuric 
acid, yields the quinone (Bentley, Gardner and 
Wi'izmarm, I c.). 

4- Hydioxy-1 -methylanthraquinone is almost 
insoluble in ammonui and sodium carbonate 
solution, reacbly soluble in caustic potash solu- 
tion with a red eoloiation ; with baryta or lime- 
w'ater insoluble brich-red lakes are produced. 
It dissolves in sulphiiiic acid with an orange- 
yellow colour, Buhhrnes very easily, and in all 
its reactions, and also in its absorption spectrum, 
shows great similarity with erythroxyanthra- 
quinone. 

Fusion with potash converts ij. with diffi- 
culty into a colouring matter which is probably 
a-raethylalizarin. 

The acetate crystallises from acetic acid in 
yellow needles, which melt at 179°-180°. 

Methyl ether. 0. Fischer and Sapper (J. pr. 
Chem. 1911, [ii. j, 83, 201 ) obtained this substance 
by the action of methyl alcoholic potassium 
hydroxide at 100° under pressure on J -methyl- 
4-chloroanthraquinone. They dcicribed it as 
consisting of yellow needles of m.p. 128° and 
reddening under the action of light. Bentley, 
Gardner and Weizmann {I c.) condensed phthalic 
anhydride with p-tolyliiicthyl ether and so ob- 
tained 2'-methoxy-5'-methyl-2-benzoylbenzoic 
acid. The action of sulphuric acid at 160° on 
this compound led to the formation of the 
mijtiiyl ether of 4-hydroxy- 1-methyl-anthra- 
quinone, described as orange-yellow needles 
from methyl alcohol, melting at 171°. 

:i-Ni/ro-4 - hydroxy • I -methylanthraquinone (?) 
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is the woduct of the nitration of 4-methoxy-l- 
methylanthraquinone (Fischer and Ziegler, J. 
pr. Chem. 1912, [ii.] 86, 292). It crystallises 
in glistening orange prisms from acetic acid 
and melts at 182®. It may also be obtained 
from 4-chloro-l-methylanthraquinone by nitra- 
tion in pdisence of boric acid (Fischer and Rcb- 
samen, Ber. 1914, 47, 464). 

5 : S-DichloroA-hydroxy-\-mf‘thi/la7i{hraquin- 
ona 

Cl CH, 

\/\CO, --*\ / 

Cl UH 

3:6: Dichloijjlitlialic anhydride was condensed 
by means of aluminium clilonde with p-tolyl 
methyl ether, Tho resulting .3 ; 6 ; dichloro-,')"- 
hydroxy-2-toluoyl-ben/oic acid was heated with 
fuming sulphuric acid (10 p.c. in ])rcHeiico nl 
boric acid for a few minutes at 130®. The 
((uinone separates from acetic acid in miero- 
neodlcs of m.]). 259®. Its brilliant red solution 
in concentrated sulpliurie acid exhibits purple 
fluorescence. 1 ts acetyl dern ati ve forms lemon- 
yellow needles, meltinj^ at ISI". 

When heated with sodium jiheiioxide and 
cojipor ])Owder, one chloriiio atom is replaced 
by phenoxyl. 

^-Nitro-'^ : 4:-dihydroxy~ I -inHhylnntlmtquitioiie 
is obtained by treating 4-chloro- 1 -incthylaiithru- 
quinone with nitric acid first in the cold and then 
at 60®-70®. It crystallLsos from acetic utid in 
rod noodles, melting at 217®-218®, and yields a 
diacetyl derivative, yellow noodles meltinc: at 
188®. The salts are intensely coloured and the 
potassium salt crystallises in bluish-violet 
needles. On reduction with stannous chloride 
and potassium hydroxide tho eorrosjioiKhng 
aminohydroxymethylaiithraqiimone i.y obtained. 
Thi.s separates from benzene mdark red needles, 
melting at 285® (Fischer and Rebsanien, l.c.). 

5 : l-JJiliydroxy-l-mclhylantJucKiuihonc may 
be prepared by licating 3 : 5-dihydioxybenzoie 
acid (1 part) and ///-toluic acid (4 parts) with sul- 
phuric acid (25 parts) during ten houis at 110". 
By crystallisation of the jiroduct from benzene 
tho more soluble 6 : S-dihydroxy-2-methyl 
anthraquiiione, which is formell to some exteiit. 


I is probably, although not necessarily, the di- 
I methyl ether of the above quinone, is obtained 
; by condensing 4-mcthoxyphthahc anhydride 
! with p-tolylmethyl ether by means of aluminium 
I chloride and subsequently treating the benzoyl- 
I benzoic acid so produced with sulphuric acid 
(containing 60 p.c. HO 3) in presence of boric acid 
below 40’. The substance crystaUises from 
acetic acid and melts at 141®. One inethoxyl 
group 18 hydrolysed by the action of sulphuric 
acid at 110”. 

4:5:6 (or 4 : 7 : 8) - Trihydrozy-l - methyl - 
avthuuiutnoue was obtained by Lieberinann and 
Kostanecki (Annaleii, 1897, 240, 304) by hydro- 
ly.sis of its dinicl hyl ether, which is prepared by 
condensation of hemipinic acid and p-crcsol in 
presence of sulphuric acid. The same authors 
jirepared 5:6:7 - Infiydroxy-l - methylanihra- 
(juinone by coiidensalion of m - toluic acid and 
gallu' acid, 'riiis substance melts at 235”-240®^ 
and gives a triacetyl-derivative, melting at 217°- 
218°. An isomeric methylanthragallol, namely, 
6:7: H4rihydrory-l-methyla7iihmqui7ionc,^o]dv‘.n 
yellow needles, melting at 297“-298° (triacetate, 
m.p. 208”-2J0“), is obtained by heating together 
equal parts of gallic acid and o-toluic acids at 
1 30”- 135° for 12 hours. 

\ Me 

j8-Methylanthracene i : i 1 

\/\/\/ 

This hydrocarbon is found in varying quan- 
tities, together with autliiacciu' and phcnuii- 
tiireiic, m the fi action of coal tar which distils 
above 340”. 

It may be syntheiiealiy pri'pared by the fol- 
lowing I’eactions. 

1. By passing the vapours of ditolylmcthane 
(Wcih'r, Ber. 7, 1185) ( dIa((',H/JH3)jj, ditolyl- 
ethaiie (Fischer, ibid, 7, 1195), 

CJl3-(H((:,hl,cilo.3 

or of oil of turpentine (Htduillz, -ibid. 10, 117) 
through a red-hot tube. 

It is best in this reaction to employ ditolyl- 
cthane, since the h^nlroearbon from ditolyl- 
lucthano is mixed with anthracene. 

2. By boiling p-xylylphenyllcetone for several 
days ©n a leflux apparatus (Elbs, J. pr. Chem. 
1890, 'll, 3). 


IS removed. In a similar way condensation of 
3 : 5 -dihydroxy benzoic acid and u-toluic acid 
results in ftie formation of d : H-dihydroiy-l- 
methylanthraquinonc which crystallises from 
etlier in orange prisms, melting at 246°, and forms 
a diacetyl derivative, melting at 19o° (Selmnek 
and Marchlewski, T., 1896. 69, 70). 

4 : 6-(o?’ 7 ) Dihydroxy A - imthyla nth / aqu i iionr 




1 i 


* 3, By the distillation of chrysopbanic acid 
^'16^1004, emodin 1 (Liebermann, Aiina- 
len, 183, 163), colopliomura, benzoe resin (Cia- 
niieian, Ber. 11, 273), chiysarobin CaoH^^O- 
^Liebermann and Heidler, Annalen, 212, 34) ana 






4-Hydroxyphthalio acid or its anhydride, 
when fused with boric acid and p-cresol, yields 
a benzoylbenzoio acid from which, by the 
further action of sulphuric acid, this quinouo is 
obtained. The substance crystallises as - a 
yellow powder from alcohol, and melts at 244”- 
246°. 

A methyldimethoxyanthraquiiione, which 


methylqumizarme CijHioOi (Nietzki, Ber, 10, 
2013) with zin^dust. 

According to Hcholl (Monatsh. 1918, 39, 237), 
)3-methylanthracene is best prepared syntheti- 
j oally by reduction of 2-methylanthraquinone 
' wdth hydriodic acid and phosphorus. The 
; melting-point of the substance so obtained is 
' 206°-207°. 

Preparation ( J app and Schultz, Ber. 10, 1049 ). 

, Tho high boihng distillate of coal tar, known 
i as crude phenanthrene, is freed from the 
greater part of the anthracene it contains 
' by oxidation with potassium diohromate and 
sulphuric acid. The dark brown mass is 
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extracted with hot alcohol, the well-cooled solu- 
tion allowed to deposit as much anthracene and 
phenanthrene as possible, the mother-liquors 
which contain the methylanthracene evaporated 
and the residue repeatedly recrystallised from 
alcohol. 

j8- Methylanthracene crystallises from alcohol 
in pale yellow needles and melts at 202'^--203'^'. 
It sublimes readily when heated continuously at 
100°. It IS difficultly soluble m ether, alcohol, 
glacial acetic acid, acetone, and light petroleum, 
readily soluble in benzene, chloroform, and 
carbon disulphide. 

Oxidation with nitric acid converts it into 
mcthylantliraqumone 

Chromic acid oxidises it for the most part direct 
ta anthraquinonc-2-earboxylic acid 

C.H.<^°>C,Tt,COOH 

Methylanthracene eomhines with picric acid, 
forming a compound which cryst,aliiH(‘S in large 
rod needles ; alcohol and water deconijiose this 
compound. 

When sunlight ads on a benzciK' solution of 
the hydrocarbon, a dmiende, bis-^-methylauthra- 
cene, is formed (OrndoilT and Megraw, Amer, 
(’hem. .1. 22, 162). It crystallises in iliombic 
crystals from toluene and melts at 22S°. The 
substance la sparingly soluble and is converted 
on melting or solution in xylene into ^-iiietliyl- 
anthraceno. 

b : \i)-Dihromo-2~mi'(h!ilahihrtu'eiH- 


Hr 



is produced by treating mctliylantliiacejic iii CS^ 
with bromine ; it crystallises from glacial acetic 
acid in yellow needles, in.p. 142”-143°. 


jS-Methylanthraquinone CeH4<; | 

\CO--\/ 

(0. Fischer, Ber. 8, (i76) is obtained by boiling 
methylanthracene in alcoholic solution, with 
nitric acid, or by carefully oxidising the hydro- 
carbon with CrOg, in which latter case, how- 
ever, considerable quantities of anthraquinone 
and anthraqiimone carboxylic acid are also 
formed. 

It lias also been isolated from the by-products 
w Inch accumulate in the maiiulactiire of anthra- 
qiiitione (Wachciidortl and Zmeko, Ber. 10, 1485 ; 
Bornsteiii, ibid. 15, 1820). This substance is 
identical with the methylanthraquinone which 
i.s obtained syiitlictically by lu'ating ji-uiethyl 
I benzoylbenzoic acid with concentrated sul])hur]c 
achl ((jlresl 3 % Annalcn, 234, 2311), 

(<() \ / \ 

^ 'Mo 

'I’liis latter preparation is carrual out in the 
tollow’ing manner.-- 

'riie jiowdered acid is slowly added to 7 or 8 
Lime.s its weight ot concentrated sulphuric acid, 
and the mixture gradually heated until at the 
end of half an hour the temperature has risen 
to 120"-126°. 

Tlu! clear dark brownish-red coloured solu- 
j tion 18 kept at this temperature for about an 
, hour, allowed to cool and poured into much 
j water. Mtoam is jiassed througli the liquid for 
j some time, the ]>reci])itate collected, washed well 
1 first with water, and lastly with dilute ammonia, 

I dried, and the greenish-yellow mass purified by 
' reerystalhsation from a mixture of xylene and 
i alcohol. Yield 70-76 p c. of theory. 

' )3-Methylanthraquinonc subhines in yellow 
needles, m.p. 17t)°-177°; moderately soluble m 
ether, acetone, chloroform, or hot alcohol ; 
difficultly soluble in glacial acetic acid and 
benzene. 

1 -(Jhloro-2-mdhylanHiraqui none. 2-Mcthyl- 

aiitliraqiiinone (15 parts) is heated with nitro- 


The position of the halogen atoms is proved benzene (25 parts), iodine ( 1 part), and sulphuryl 
by the oxidation of the substance to 2-methyl- | chloride (15-20 parts) at 100'" (IJ. R. R. 209240, 
anthraquinone. , 1293150; Fr. FTit. 400,432). 


Telrabromomethylanthracene Cj^UgBr^ is , ‘,]-(J/iloro-2-ntethijlanthraquinone. This sub- 
formed when dibromomethylauthracene is I stance was first obtained by Holler and Schiilke 
treated with bromine. It* crystallises from j (Ber. 1008, 41, 3037) who condensed phthalic 


toluene in yellow needles. Oxidation with 
nitric acid converts this compound into dibroiuo- 
methylanthraquinone Cj^HgEr^jOi,. * 

The action of halogens on 2-methylanthracen© 
has been studied by Fischer and Reiiikober 
(J. pr. Chem. 1916, [ii.] 92. 49), who find that the 
products vary much according to the conditions 
employed. In benzene chlorination gives a 
mixture of mono- and dichki^o-derivatives, 
whilst in chloroform the hexachlclro-derivative, 
melting at 193°, is obtained. A mixture of 
mono- and dooaohloro-compountls is ultimately 
produced in a concentrated solution in carbon 
disulphide. « 

2-Methylanthra'nol (Limpach, Annalcn, 1900, 
237, 251). This compound, m.p. 100°, is pro- 
duced by the action of sul[)huric acid on o-(/i- 
methylbenzyl) benzoic acid. It may also be 
obtained by reducing 2-methylanthraquinone 
with aluminium bronze in sulphuric acifl 
solution (Bayer, D. R. R. 201542). 


arihydiidc with o-chlorotoluenc in presence of 
aluiniiuiim chloride and heated the resulting 
o-(o-chlorotoluoyl) benzoic acid with 20 p.c. 
oleum. {Subsequently IJllmann and Dasgupta 
(Bor. 1914, 47, 557) described the same process 
with blight modifications and obtained a yield 
of 92-93 p.c. of the theory. This derivative 
crystaliises from alcohol in colourless needles 
(II.S.) or plates (U.I).), melting at 2J2-'-2I3° 
(compare also D. R. R. 205218, 2119^7). 

3- Brorno-2-7nethylanthraqu'mone has been pre- 
pared from o-broraotoluene in an anala^us 
manner by Griiiithal and Ruthouburg (Ber. 
1912, 46, 795). The yield was 86 p.c. of that 
theoretically jiossible. The compound occurs 
in long pale yellow needles and melts at 219°- 
220°. 13. R. R. 216716 describes the preparation 
of an isomeride by direct bromiaation of 2-methyl- 
anthraquinono at 170°. This melts at 200°-202°, 
and in all probability hydrogen in the methyl 
I group is displaced. 
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l-lodo-2-7ncthylanlhraqiiino7ie. This deriva- 
tive was obtained by Scholl (Ber. 1907. 40, 
1091) in the coiiiHo of his work on the synthesis 
of flavanthrene {g v.). Tt crystallises in brown 
leaflets, melting at 109'’, and results from then 
action of potassium iodide on a solution of 
diazotised 1 -amino-2-methylanthraquinone. 

IHbromo-2-me1hyla7iihraquinone, m.p. 140”, 
may be obtained by brominating o-(p-toluoyl) 
benzoic acid and subsequently closing the ring 
in the usual manner. 

DihromoinclJiyhvtliraquuione i.s obtained by 
the action of bromine at 130”-]40” on ^-methyl* 
anthraquinone. It is colourless and melts at 
219”-220” (O. Fischer, J. pr, Fhem. 1999. (ii.l 
79, r>55). 

oj-Dichloro-^-irielhyl(mthraquino7ir is obtained 
by chlorination of methylanthraqinnonc. Th(‘, 
substance melts at 200” and is converted ]>y the 
action of sulphuric acid (Ofi” Haumo) at 130” into 
/?-anthraquinono aldehyde (Badische Anilin 
und Soda FabriK, 1). Iv. P, 174984). 

<\-C1doro-2-dihnmiom(ihyl{mthr(fq'uiiiovc is ob- ■ 
tained in 91 ji.e, yield by the bromination of ' 
3-chloro-2-methylanthraquinon(‘ in closed ves- 
sels at 100”-170” dining five hours. Tho 
substance crystalli8e.s from tolueiK' in hexagonal 
leaflets, melting at 210” 21 P (Ullmann and 
Dasgujita, lx.), 

Melhylanlliraqurnoxf disidphomc acid (0. | 
Fischer, l.c.) ' 

PrcpaHiiiou. — JVlcthylantliiaquinone is i 
heated with O-O parts ol luming sulpliunc acid 
for several liours at 250“-270”. The alkali salts 
and the barium and calcium salts of thus acid 
arc soluble in water. Fu.sion with iiotadi eon- j 
verts the acid into methylalizann. 

Nitromcthjla'fithragmnonc 

CjBHgNOj or Cirj-(\Jlg(N().,)()2 

Preparation — Methylanthraqiiinone (2 parts) 
is dissolved in concentrated (12-14 i>arts), 

and to the resiiHing solution KNO3 (i P^rt) is 
slowly added. 3’he product alter standing 24 
hours is carefully mixed with water, the precipi- 
tate collected, and extracted repeatedly with 
alcohol until the filtrate is only slightly yellowish- 
coloured. The resulting nitromet liylanthraquin- 
one is purified by rccrystallisation from acetic 
acid (Romer and Link, Jlcr. Ifi, 096), from which 
solvent it is obtained in yellow needles melting 
at 269°-27iP’. ]t is difiicultly soluble in alcohol, 
ether, benzene, chloroform, glacial acetic acid, 
and ethyl acetate, readily soluble in nitrobenzene. 
It dissolves in suljihuric acid, producing a yellow 
solution which on warming turas browm. Water 
precipitates from this solution a pur])le precipi- 
tate, which dissolves in alkalis with a violet- 
blue colour, Nitronieth3'lanthraquinone sub- 
limes in small almost colourless needles. It is 
not decomposed by boiling caustic potash solu- 
tion. 

1 : 5 - Dinitro - 2 - mdhylanthraqninonc. To- 
gether with the 1 : 8-i8omeride this comjiound | 
is prepared by the action of a mixture of sul- ! 
phurio and nitric acids at 60°-70” in 2-methyl- 1 
anthraquinone. Tho concentration and amount ! 
of nitric acid is in this case greater than in the j 
experiment described above. The 1 : S-de^va- j 
tive is more sparingly soluble than is the 1 : 8- 
iaomeride in boiling glacial acetic acid. It is 
bright yellow and melts at 26r-262°. 1 : 8- 


I)initro-2-methylanthraquinone melts at 189®' 
J90” (ISchaarsclimidt and Stahlschmidt, Ber. 
1912, 45, .3454). 

A m inomethylmithraqu wm e, 

CH3C,,H.(NH.,)0„ 

I is readily produced by the reduction of nitro- 
I methylanthraqiiinone with HuCIg (RSmer and 
' Link, lx.). The freshly precipitated mtro com- 
pound is added in small quantities at a time to a 
dilute solution of tSn('L 111 KOH, and the product 
i heati'd nearly to boiling. The resulting precipi- 
! tatc. which must di.ssohe completely in excess 
of cold IK .'L, Ls ])urified by rccrystallisation from 
dilute IK 3'hc reduction of mtromethylantiira- 
quinone may also be readily effected by means 
of a hot aqueous solution of sodium suljihide. 

Ammoinethylanthraquirioiu' eiy .stallises in 
glittering red needlis which n-elt at 202°, and 
Kiibhnies on heating in long daik red ncialles. It 
IS almost insoluble in w'atci’, readily soluble in 
alcohol, ether, cliloioforni, benzene, and glacial 
acetic acid. Boiling with hydnodic acid and 
phosphorus converts it into ammomethylanthra- 
nol ; at 150”, however, aminomethylanthia- 
eenethhydride CHg't'j^iH jgNH2 results. 

'J’he acciyl-dcuvativc^ 

CJL/Ci.HeOoNBlF^H^O), 

crystallises from glacial aci'lic acid in yellow 
needles, m.p. 170”-177.° 

All isoiiH'iic aminometh^danthraquinone, 
probably 2-amino-fi- (or 7 j mcthjdanthraquinone 
i.s ])reparcd from aiiiino-p-toluoylbenzoic acid 
by licating with SO ]).c. suljihunc acid at 200”. 
It crystallises in brick -red needles and melts at 
175” (D. H. V. J34017). 

1 : li-Diammo-2-7r)eihylauthraqui)ione. 1 : 3- 
l)imtro-2-p-to]uoylbenzoic acid is reduced to the 
corresponding diamino-acid by means of iron 
and dilute acetic acid. The conversion of the 
latter to an anthraquinone derivative occurs 
with unusual facility and it sufiices to heat the 
substance with acetic acid. Tho diaminomo- 
thylanthraquinono crystallises in yellowish- red 
needles which melt at 273”-270” (D. R. P. 
206030). 

1,: 4 - Diam ino-2 7n( tkylanihraqvinone crystal- 
hses-from alcohol in dark violet bronzy needles 
melting at 252”. It is obtained from the 
lactam of 2 : 5-diaibiiio-p-toluoylbenzoic acid by 
heating wdih 6 p.c. oleum at 180° (D. R. P. 
260899). 

1 : ^-Diamvno - 2 - rncthykmthraquuione and 
1 : 8-diainnio-2-methylanthraquinone are ob- 
tained by the reduction of the corresponding 
mtro -derivatives {ride supra) with sodium 
sulphide. The former crystallises in red 
needles from acetic acid and melts at 201°-202°, 
and the latte* separates from toluene in brown- 
I red needles, lilelting at 206°-208°. 

A lrtai7ii7io7nethyla7Uhraquino7ie of unknown 
constitution has been described (D. R. P. 206036). 

i-Bromoa7ntno-2-7nethylanihraquino7\e is the 
first product of the, action of bromine on 1- 
amino-2-methylanthraquinone. It crystallises 
in brownish-red needles, melting at 216°-216° 
(D. R. P. 131402). Further, a considerable num- 
ber of nuclear substituted chloro- and bromo- 
ainino- and diamino-methylanthraquinones have 
been mentioned (D. R. P. 131402 and 206218), 
but these are of unknown constitution. It is 
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stated that certain substances of this type may 
be employed for the preparation of sulphurised 
rat -dyes. 

1 -Hy(lroxy-2-methylanthraquinone ( Weiz- 

maun, Bentley and Gardner, l.c.) 

OH 

A-^o-\/Yh. 


Phthalic anhydride condenses with ortho- 
cresol in presence of boric acid at 170° and yields 
2'- hydroxy - 3'- methyl - 2 - bcnzoylbonzoic acid. 
The yellow solution of tins substance in con- 
centrated sulphuric acid goes red on heating 
and yields on dilution this hydroxyanthra- 
(juinone. It forms yellow noodles on crystallisa- 
tion from acetic acid an<l melts at 18P“-18r>°. 
3-Hydroxy-2-methylanthraquinone' 


(;ila 




;oH 


Prrimndion (Fraudo, Anualou, 202, (>13).— 
By boating 2 jiarts ot o-crosol, 3 jiarts phthalic | 
anhydride, and 100 ])ai'ts ol .sulphuric acid at | 
11)0'^ for two days. The product is poured into 
water, extracted repeatedly with ether ; the 
ether distilled off, the residue dissolved in dilute 
soda, acidified with H(d, and the precijiitate 
jiurifiod by sublim;ition and recrystallisution 
from alcohol. 




,cu 

\k) ' 


Me 

on 



,Mc 

k)H 


Jlydroxymothylanthiaiiuinonc melts at 200' - 
202°, 18 readily soluble in alcohol, ether, and 
acetic acid ; it dissolve.s in alkalis, also in lime 
and baryta water, forming a dark reddish-brown 
solution. When strongly heated it .sublimes in 
golden-yellow leaflets. 

Brornoli ydroxymeth yin idhra<ju.(udne 




.CO. 




iMe 

OH 


Br 


is obtained by heating -I parts of dibroino-o- 
cresol phthaleine ^ 

phthalic anhydride and 200 jiarts of sulphuric 
acid at 160° lor five hours. 

iSmall yellow needles, in.p. 206°. Fusnyi 
with potash converts tins substance into 
a-methylalizarin. 

4 Hydroxy-2-methylanthraquinone. 



Bentley, Garcbier and Weizmann [Ic.) ob- 
tained this quinonc in a manner analogous to 
the preparation of l-hydroxy-2-methylanthra- 
quinone, by substituting m- for o-cresol. It 
melts at 178° and consists of yellow needles 
which are crystallised from acetic acid. A 
quinone probably identical was obtained by 
Romer and Link (Ber. 16, 700) from the amino- 
methylanthraquinone described above. 

Preparatiort , — Aminomethylanthraquinone is 
dissolved in sulphuric acid, and solution mixed 


with small quantities of water until the result- 
ing precipitate becomes reddish-coloured. 

The well-cooled product is slowly mixed with 
a solution of KNOj until the precipitate becomes 
light yellow and free nitrous acid is evolved, 
then an equal volume of water is adde^ and the 
whole heated to boiling. 

The precipitate is collected, dissolved in 
boiling dilute caustic potash solution, precipitated 
with HCl, and recrystallised from alcohol. 

Hydroxymethylanthraquinone crystallises 
from alcohol in orange-yellow noodles which 
melt at 177°- 178°, and sublimes in long thin 
yellow plates when carefully heated. Jt is almost 
insoluble iti water, difficultly soluble in alcohol, 
readily soluble in ether, and benzene. Cold 
caustic potash .solution dissolves it sparingly. 

Fused with pota.sh a small quantity of a 
colouring matter is produced which dissolves in 
alkalis with col irations similar to those produced 
by alizarin. Hydroxymethylanthraquinone, if 
freshly preeijiitated, dissolves in boiling lime 
or baryta water, but is insoluble in sodium 
carbonate or a solution of alum. Its alcoholic 


solution IS not precipitated by alcoholic lead 
acetate. 

The aoctale^ cryslal- 

ILses from ale()hol in o»’angc-yollnw plates which 
melt at 177°. 

Dihydroxymethylanthraquinone (a-mothylali- 
zarm), 


c H ' V" 


OH 


IS readily inojiaicd by fu.smg inetliylaiitliraquiu- 
oiiedisulphoiuc acid (0. Fischer, Ia\), hydroxy- 
methylanthraquirione, or bromoliydroxymethyl- 
anthraquinoiie (Fraude, Aiinalcn, 202, 166) with 
potash. The mass is dissolved in water, acidified 
with HCl, and the jirocipitate purified by subli- 
mation. Orange-yellow needles, m.p. 250°-262°, 
moderately soluble in alcohol, ether, and acetone. 
The. calcium and barium salts arc insoluble blue 
; precipitates. 

'I'he absorption .spectrum of a solution of 
; this substance in concentrated sulphuric acid is 
1 lepresentcd in Fig. i. 


BCdD E 



Fia. 1. 


It corresponds very closely with that of alizarin 
itself (Liebermann and Kostanecki, Bcr. 10, 
2330). Mcthylabzarin dyes mordanted cloth 
similarly to alizarin, but accordi;ig to some 
authorities the tinctorial power of methyl- 
alizarin is much inferior to that of alizarin, 
hence the introduction of this substance into 
artificial alizarin is avoided by the alizarin 
manufacturer as uiuch as possible. 

Methylpurpuroxanthins. 

6 • 'J.Dihydroxy-2-mclhylarihraquinone 

. ■ 

X/NjuA/ 

OH 
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3 j 6-Diliydroxybenzoic acid (4 grams) and p- • 6 parts of concentrated sulphuric acid for 5 to 

toluio acid (16 grams) are heated to 110° with ' " " 

sulphuric acid (200 grams) during three hours. 

The compound melts at 267° and forms a diacetyl 


10 hours at 140°-160°. It forms orange 
leaflets from alcohol mixed with benzene, or it 

- , may be crystallised from a large quantity of 

derivative which ciystalhses in yellow needles, ] alcohol and obtained in beautiful ruby-red 
m.p^ 16f°-167° (Marchlewski, T., 1893, 63, , needles. It has the curious property of melting 


1142). 

1 : S' Dihydroxy ■2-melhylanlhraquino7ie 
OH 

2 : 6 -Hihydroxy-p -toluio acid (4 grams) and 
benzoic acid (16 grams) are heated together 
with sulphuric acid (200 grams) at 110 -120"' 
for fifteen hours. ^ The substance crystallises 


I at 165°, resolidifying and melting again at 176°. 

, The sublimed qumone melts at 176°. The 
' solution in dilute caustic soda is violet-red. 

Diacdyl derivative . — This is readily produced 
, by the action of sodium acetate and acetic 
anhydride. It crystallises from benzene, is 
intensely yellow, and melts at 204°. 

6 : 7-Dihydroxy-2-methylanthraquinone and 
6 : 6- (or 7 ; 8) dihy(lroxy-2-methylanthraquinone 
(Nicmeutowski, /.c.). 

The 6 : 7-dihydroxy compound is the main 


- — - , - — ^ . /-Qinyaroxy compouna is luo main 

lom leiizene m orange needles, melting at 2!)0 . product when catechol is substituted for hydro- 
{JJkicetate, »J-P- 7^1^ ) (bchunck and ; qumone in the above preparation. It crystal- 

acetic acid m yellow micro-nocdles 


Methylquinizarin (Nietzki, Her. 10, 2012) 
OH 




Me 


yello\ 

and melts with deeompo.sitioii at 320°-340°. 
' Its diaeetato forms straw-yellow needles from 
alcohol, m.]). 208°. The 5 : 6- (or 7 : 8) di 
' hydrox}'^ compound is produced in small quanti- 
ties m the same reaction. Jt crystallises from 
' a little benzene m orange-red needles and melts 

This isoiiifiKle ul .•uothylah.aim is laodu.od , crystallises 

hy beataiig a mixture of hydriitoliquinime ' 




OH 


and phthalio anhydride with 8-10 parts of sul 
phuric acid at 130°~150° foi two to three houis. 
The product is treated with water, the precipi- 
tate repeatedly extracted with boiling water, 
and purihed by recrystalliHation from benzene 


Dihy droxy-2 - methylanthra - 

(tardner, and Weizmann, 


C.H. 


^CO 


OH 

/\ 


OH 


Mo 




\/ 

OH 


<'o^ 


CO 


,Mc 


/ 

OH 


Mothyiquinizarm crystallises m long line 
bent needles whiclj iiu'lt at KKi"' and sublime 
with alight decomjiositioii. Tht* solutions iii 
ether and alcohol are fluorescent. Distilled with 
zinc-dust methylanthracene is formed. 

'i'ho absorption spectrum of metbylqumiz- 
arine dissolved in sulphuric acid is represented 
in Fig. 2 — 

BCdD 


needles i m.p. 176' 

4:6- (or 7:) 
quinone (llontley, 

/<•.). 

4-Hydruxyphthalii' anhydride and w-oresol, 
when fused with boric acid at 180°, yield a 
benzoyl benzoic acid m which the cresolio 
I hydioxyl is in the ortho- position to carboxyl, 
With fuming suljihuric acid the substance, 
, condenses to the qumone, which separates from 
' glacial acetic acid as a yellow crystalline pow^der 
of m.p. 284°. 

jS-MethylanthragalloI, 5:6: 7-trihydroxy-2- 
methylanthraquinone 




Formation , — By heatmg a mixture of gallic 
acid and p-tuluic acid to 130° (Cahn, Annalcii, 
240-284) : , 

OH 

HO/^ 00011''^"^ 


HOl 


Fig. 2. 

and is very closely allied to that of qunuzaim 
itself. 

Methylquinizariij when treated Avitli acetic 
anhydride yields a diacetate C;^.H 8 (C 2 H 30 )j 04 , 
which orystaSlises in yellow needles, m.p. 186°. 

5 : 8-Dlhydroxy-2-methyIanthraquinone (von 
Niementow'ski, Ber. 33, 1634) 

OH 

/V-CO^/\q, 

I I i n* 

X/^CO'-'X/ 

OH 

< 

This substance is prepared by heating 




COOH 


\/' 


Me 


OH 


HOf 

Hol 


^CO^ 


\ 


jMe 


\y'-CO-'\/' 

Sublimes in oi4!ngo-rcd needles, m.p. 275°. Its 
other properties are very similar to those of 

BCdD 


' f 

iti 

Fia. 3. 


together equimoleoular quantities of l-methyl- anthragallol itself. The absorption siiectrum of 
3 : i-phthalic anhydride and hydroquinono with its solution in sulphuric acid is shown in Fig. 3. 
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2M«tliylantliiaquiiione-i-merMptaii 

8H 

/y^Yy* 

1 - Amino ■2-methylanthraquinono is converted 
into the mercaptan by d^azotisation and treat- ; 
ment with potassium xanthogenate (Gatterinaim, i 
Aunalon, 1912, 393, 165). The substance ; 

crystallises from acetic acid in yellow needles 
wmch melt at 193“-194°. The following deriva- j 
tives may bo mentioned : Disulphide, yellow ! 
needles, m.p. 247° ; methyl thioolher, orange- j 
red needles, m.p. 124° ; aulphoiie from the methyl 
thiuother, yellnwish-icd plates, m.p. 198° ; ethyl 
thioether, orange-red leullcta, m.p. 99° ; benzyl 
thioether, orange-red noodles, m.p. 139". 

Miscellaneous dyes derived from jS-methyl- ■ 
anthraquinone. — -The more important dyestiitfs 
derived from metbylanthraquinono directly or 
indirectly are treated in other soetion.s of this 
work (e.fy. Mavanthrene, Pyranthreno, certain 
Algol colours, Indanthreiio Ked liN, and many [ 
others), and the compounds here included 
for the most part of unknown constitution. 

Anthrafiavone G (Had. D. U. P. 199760, 1996 . 
Schultz, 5lo. 759) IS obtained by beating 2- 
raethylanthraquiiione with eoneeid rated aleo- 
holio potassium hydroxide at 169 ’-- 170". The 
product is poured into water and oxidised by 
means of hypochlorite. It is a yellowish-green 
]>owder which can bo sublimed and gives a led- 
violot solution in sulphuric aoid. it is a greenish- 
yellow vat dyestuff. 

Cibanone Orange li (D. R, P. 299231, 209232 ; 
Schultz, No. 792). 2'Methylanthraqumonc is 
fused with suljiluir and the prodiuP oxidised. 
This orange euttua dyestulT is a led-biown 
powder. 

Cibamme Brown /1(D. K. P. 204968 ; Scliuliz, 
No. 808) is similarly obtained from l-aimiio-2- 
methylanthraquinone by heating with suljihur. 
It 18 a brown-black powdi'r and dyes cotton 
brown from a vat. 

CijananlJirul B (/>')(]>. Iv. \\ 131873; Schultz, 
No. 869) is cl reddish- blue acid dyestuff for wool 
or silk. It is stated to be a dcrivativvo of 
methylanthraquinoiie. * i 

Cyananthrol G {B) {D R. P. 132022; Schultz, 
No. 800) is a similar dyestuff giving greenish- 1 
blue shades. j 

A brown dycstull for cotton is said to be | 
prepared by the addition of aluminium powder i 
to a solution of )S-methylanthraquinoiie in sul- ' 
phuric acid at 20°-40°, the mixture being sub- j 
sequently heated at 109°-120° (D. R. P. 293430). : 
An orange sulphur dyestuff is obtained from | 
j8-methylanthraquinono or a)-ehloro-)3-methyl- | 
anthraquinone (D. R. P. 2231^r) by heating | 
with sulphur and then sulphuric acid, the pro- i 
duct being finally oxidised by means of sodium 
hypochlorite. The thionation of 3-ehloro-2- 
methyl-anthraquinone leads to the jiroduction 
of an orange-yellow vat dyestuff (D. R. P. 
213500). 

(ii-Dihrorno-l-mtlhylanihraq^iiiwme heated 
with copper powder in nitrobenzene solution 
gives rise to a vat dyestuff (D. R. P. 267640) 
which may be 1 : 2 : 6 : 0-diphthaloylanthracene. 
(O-Dichloro-2-metbylanthraquinoiie gives a yel- 
low vat dyestuff, when condensed with thiourea 


(D. K. F. 241805) and other dyestuffs of a similar 
t^e are known, for example, that from 2-hydra- 
zinoanthraquinono and anthraquinone-2-alde- 
hyde or m - diohloro-2 - methylanthraquinone 
(D. R. P. 240620, 241786). 

Considerable confusion exists in the literature 
with respect to the anthracene and anthra- 
quinone carboxylic acids. 

Anthracene- 10-carboxylic acid (Liebermann, 
COOH 
/\ 

Craebe, Her. 2, 078) C^H^. The 

\/ 

chloride of this acid is produced by heating 
anthracene with COCP to 180°- 209°. 

The aeid crystallises from alcohol in long, 
silky, pale yellow needles, which melt at 200° 
with decomposition. It is almost insoluble in 
cold water, readily soluble in alcohol. On dis- 
tillation with B*da lime it deeumjioaes into COj 
and anthracene. Tlio salts are mostly soluble 
111 water. 

Anthracene- 1 carboxylic acid 


COOH 



'I’he nitrile of this aeid is produced by distill- 
ing Rodinin Jiuthraceno a-nionosulphonate with 
})otassium cyanide (Liebermann and Pleus, Her. 
37, <)4t> ; see also fiiebermann and Rath, ibid. 8, 
246, and Dienel, ibid. 39, 92(5). The nitrile 
crystallises from alcohol in yellow' leaflets, m.p. 
126”, and is slowly hydrolysed by alcoholic 
potash wuth formation of the potassium salt of 
antliraeeiie-1 •carboxylic acid. 

The acid may also bo prepared by the reduc- 
tion of ant hraquinone-i -carboxylic acid with 
zine-dust and ammonia (Graebo and Blumen- 
feld. ibid. 30, 1118). The acid forms yellow 
needles or pri.sms on crystallisation from alcohol 
and melts at 245°. Jt sublimes undeeomposed 
in needles, is sparingly soluble in ben/eiu; and 
ether, readily soluble in aleolinl and glacial 
acetic acid, insolubI(! in w'ater. Distillation with 
soda lime dccomjio.sos it into CO^ and anthra- 
cene. Chromic acid oxidi.seH it to anthraquinone 
carboxylic acid Cj^H^O^. The acid and its 
salts possess a blue fluorescence ; the lattei’ are 
mostly readily soluble in water. The Ba and 
Ca salts dried at 130° are yellow Amorphous 
powders. The Pb salt is a flneky precipitate. 

The amide of the acid is produced by the 
action of ammonia on the yellow oily chloride. 
It crystallises from alcohol and melts at 260° 
(Graebe, Bluinenfold), 26(5” (Dienel). 
Anthraqulnone-l -carboxylic acid 



Tins acid is prepared by oxidising 1-methyl- 
agithracene with ehrumie acid (Liebermann and 
Bischoff, Ber. 13, 49), or by the hydrolysis of 
its nitrile (see below). A method which leaves 
no doubt/as to its constitution has also been 
employed (Graebe and Leonhardt, Aimalen, 290, 
231 ; Graebe and Blumenfeld, Ber. 30, 1116). 
Hemimellitio anhydride and benzene in presence 
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of aluminium chloride yield a mixture of 
3-benzoylphthaUc acid 

COOH 

HOCO 


and 2-benzoyh‘sophthalic acid 


COOH 


-CO- 

^ iioco-'V/ 


X) 


Each of thcBC acids, wlicu lu'ated with sulphuric 
acid at 14r)''-15()°, is changed to aiithraqumonc- 
] -carboxylic acid. 

Probably the most convenient meth<)d of 
preparation is that descrilied by Ullinann and 
Kchalk (Annalen, lbl2, 388, 2i)3), A\ho apply 
the Sandmeyer I’eaction to a-aininoanthra- 
{piinone. The intermediately produced nitrile 
(see below) is hydiolysed by means of hot 
concentrated sulphuric acid mixed wdth one- 
third of its volume of water, and the over-all 
yield is about 70 p.c. of the theory. 

It crystallises from glacial acetic acid in long 
pale yellow noodles, which melt at 203‘^-294‘’’. 
With caustic potash cw’id zme-dust, it develops a 
blood-red coloration. The barium salt is 
sparingly soluble. Its methyl ester is sparingly 
soluble in cold methyl alcohol and has m.p. 
189". The ethyl ester fiom the acid and al- 
coholic hydrochloijc acid has m.p. 109°. 

N'llriln (l)icnel, Per. 39, 92t>). This deriva- 
live is obtained by the distillation of sodium 
anthr.'iquinone a-sul]ihonato ^nth })otassium 
cyanide, by o.xidising the nitrile of anthraci'iie- 
l-earbo\yhc acid, oi“ by the method alnauly 
described above. It foinis gold-yellow li'-illets 
of m.p. 210"-217°. 

The amide has m.]). 280'’, 

^•Chlorounihraquinonc-a-caihoxyhc aetd has 
been obtained by the oxidation fo ^-chloroaee* 
antlircnoquinorio by means of chromic acid in 
acetic acid solution. It forms yellow^ needles, 
molting at 244°-24()'. a-Chloroanthraquinoiie- 
a-earboxyhe acid, m.p. 205°, is similarly obtained 
from a-chloroaceanthrenequiuonc (Butescii, Per. 
1913. 40, 213). 

4 - Chloroanthraquinone - carboxylic aeid. 
4 - (Jhloro-l-inethylanthraquinone is oxidised by 
means of nitric acid at 195°. The substanee 
crystallises in yellow needles from ethyl acetate 
and melts at 228" -229° (Heller and Schulkc, Per. 
1 908, 41, 3030). Alternatively (D. R. P. 259305) 
chlorine is introduced into a solution of 4-chloro- 
l-raethyl-anthraquinonoin nitrobenzene at 100"- 
170°. 

6 : ^i-DichloroanthragriinoncA^arhorylic acid. 
This acid is obtained when aiithraqumone-l - 
carboxylic acid dissolved in fuming sulphuric 
acid is chlotinated at 125° in presence of iodine. 
It crystallises from acetic acid in needles, 
melting at 241° (H. R. P. 256121). 

4:8- Jhchloroanthraqu inam-\ -carboxyl ix acid 
13 the oxidation product obtained from 1 : 5- 
dichloroacoanthrenequinone (Butcscu, l.c.) ; m.p. 
260°. Similarly the 4 : 5-dichloroanthraguinone- 
1 -carboxylic acid is obtained from 1 : 8-dichloro- 
acoanthrenequinonc. It crystallises <n yqllow 
needles and melts at 240°. 

2 - Bromoanthraqninone - 1 - carboyxlic acid. 

The application of the Sandmeyer reaction to 


2 - bromo - 1 - aminoanthraquinone gives good 
, results (Ullmann and Schalk, l.c.). The acid 
I obtained by hydrolysis of the corresponding 
‘ nitrile crystallises from acetic acid in yellow 
octahedra, which melt at 292°. 

5-Nilroanthraqmno7ie-l -carboxylic acid. An- 
thraquinone-1 -carboxylic acid (10 grams) is 
; heated on the steam bath with cone, sulphuric 
! acid (100 c.c.) and nitric acid (6 c.c. D=1’4) 

1 during two hours. The derivative crystallises 
' from acetic acid in yellow lamelles which 
decompose above 330° (Ullmann and Schalk, 
l.c.). An isomer of this substance has been 
' described by Fischer and Ziegler (l.c.), who 
I oxidise the mtration product of a-raethylanthra- 
I quinonc. Ilicre is little doubt that these 
j substances belong to the 1 : 4-8erie8. The nitro- 
I aeid is sjiaringly soluble iii sulphuric acid and 
decomposes at 270°. 

I 4 - Arnimyanthraquinone - 1 - carboxylic acid. 

, 1 : 4-T)iamiuoanthraquiiionc is semi-diazotised 
I and eoiivcited into the amino-cyamde by troat- 
' ment with cuprous cyanide at 30°. - Hydrolysis 
I of the product is edeeted by means of 10 ji.i', 

I soda at 1 50”. The substance crystalbses in long 
i (lark brown needles, deeonqiosmg at 24G°-248"" 
i ((rattermann, Annalen, 1912, 393, 176). 
j r)- A minoanthraquimmc-X -carboxylic acid is 
j prepared by the reduction of the corresponding 
I mlro-acul [vide supra) with sodium sulphide. 

I it forms daik red leaflets and decomjiosos at 
' 277 What should be the same substance was 
1 fuvpared hyGatterinami(/.c.)froni 1 ; 5-diamino- 
aiithraquinone liy semi-diazotisation treatment 
. with eu [irons eyanide and hydrolysis. Pre- 
I [laied in this way, howeii r, the substance is 
: stated to crystalliM' in red pi’isms, melting at 
I 265°. 

1 ^-MitliylanihraquinoM-] -caihoxylic acid has 
; boon obtained by Putescu {U.) by oxidation of 
; ^-mcthylaeeantlironequinone with chromic acid. 

' The bright yidlow' needles melt at 295°. 

S-Mcthylanfhraqnmone-l -carboxylic and is 
[iroduced from 1 : 3-dimethylarithraquinone 
oxidation with chlorine (1). r!p. 239365). It melts 
at 246‘ - 147". 

Anthraquinone aldehydes. 

, 4i('hloroanthraquinonc-l-aldch'ydc is obtained 
by the oxidation of 4-chloro-l-methylanthra- 
' ([uinonc by means of manganese dioxide in 
I sulphuric acid soliftion (D. II. P. 267081). It 
' melts at 2i0°. 

{ Anihraquinoiic-2-aldcdiydc i3 the product of 
; {'he hydrolysis of a;-dichloro-2-methylanthra- 
; <[uinouc with .sulphuric acid (06° Be.) during five 
I to six hours at 130° (D. R. P. 174984). It is 
j also [irepared by the oxidation of 2-methyl- 
anthraquinuno by means of manganese dioxide 
I and sul})hime acid (1>. R. P. 267081) and by 
ring closing to} cy-dibromo-2-p-toluoylbenzoic 
! acid (i). R. F. 293981). 

! Anthracene-2-carboxyllc acid. 

l' V 

III 

i \/'\/\/ 

' The nitrile of this acid is obtained (together with 
a small quantity of the nitrile of the 1-acid) by 
I distilling sodium anthracene sulphonate (from 
the acid obtained by the reduction of anthra- 
j quinone sulphonio acid) with potassium ferro- 
' cyanide (LieWmann and Bischoff, Ber. 13, 47). 



The nitriles are decomposed by boiling wit^h 
KOH, and the acids separated by means of their 
barium salts ; that of the 1 -acid being readily 
soluble in water, whereas barium anthracene 
2 -carboxylate is very sparingly soluble. 

The same acid is produced by the reducljon 
of anthraquinone-2-carboxylic acid 

C.H.<^®>C.H,COOH 

with zinc-dust and ammonia ( [idrnstoin, Bcr. Jb, 
2610). 

Anthracene-2 -carboxylic acid crystallises 
from alcohol m small yellow plates, which nudt 
at about 280'’, and sublime at a higher tempera- 
ture in plates. It is sparingly soluble in CHC1„ 
almost insoluble in (\S. and benzen<‘, less soluble 
in alcohol and glacial acetic acid than the jS-acid. 
The alcoholic solution possesses an intense blue 
fluorescence. Ileduction with sodium amalgam 
or hydriodie acid converts this aiud into three 
acids, and CjjHibO.j,. 

( Chlorine led into the solution in CHC'l, jiroduces 
first y-chloranthracenc carboxylic acid and then 
dichloraiithi-acene (m.]). 20!T'). Bromine be- 
haves similarly. 

The Sodium suit is difhcultly soluble in cold 
water, and crystallises in glittering flakes. The 
solutions fluoresce blue. 

The Barium salt is almost insoluble in cold 
water, and only very sparingly soluble in hot. | 

The Methyl e-stcr (Belila, Bcr. 20, 702) | 

crystallises in yellow prisms ; m.p. 111". 

The Kthyl edcr (Liebermann, BischofT, Ber. 
13, 49) melts at 134", and is readily 

soluble in alcohol. Both these salts distil without 
decomposition. 

The Chloride (Bernstein, Z.c.)Ci5li90Cl crystal- 
lises from benzene in yellow warts; m.p. not 
given. Keadily soluble in alcohol, ether, OHOlj 
and CS^. Decomposed only by boihng water. 

The” Amide CijHjONHj crystallises from 
glacial acetic acid m plates ; m.p. 293"-295®. 
Insoluble in water, SO,, O-HCy, or benzene. 
Difficultly soluble in alcohol. The solutions 
fluoresce blue. • 

y-Chloroauthracene carboxylic acid (Behla, lx.) 
{v. mvpra) crystallises from benzene in needles ; 
m.p. 268°-269", being at th5 same time decom- 
posed into chloranthracene and CO.^. 

y-Bromoanthracenc carboxylic acid (Behla, 
Z.c.) crystallises from alcohol in long, greenish- 
yellow needles ; melts at 266", being converted 
into CQ^ and bromoanthraoene. 

Anthraqulnone 2 -carboxylic acid 

coon 

co.A\J " 

is produced by oxidising 2-methylanthracene or 
the corresponding quinone or carboxylic acid 
(Liebermann, Rath, Ber. 8, 248). It may also 
be obtained by the oxidation of anthranol 
j8-carboxylic acid with potassium permanganate 
m alkaline solution (Limpricht, Annalen, 309, 
122 ). 

According to the Hochster Farbwerke 
(D. R. P. 80407), it is conveniently prepared by 
heating benzophenone-2 ; 4'-dicarboxy)ic acid 
with sulphuric acid. 

VoL. 
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Preparation . — Methylanthraquinono (1 part) 
is dissolved in concentrated sulphuric acid (6 
parts), mixed then with water (1 part), and 
KX’r^O, (2i parts) slowly added. The mass is 
wanned to 110"- 120" for a shoi*! time, filtered, 
the precipitiito washed with watoi ynd boiled 
out with dilute ammonia. 'I'he excess of am- 
monia IS eva])oiated oil. the solution liltcred, 
and preeqiitatetl with HCl (Bonisti'in, Ber. 16, 
2609 ; V. also Liebernuiim ami Ghiek, ibid. 17, 
888 ). 

Anthraquinone-2-carboxylic acid crystallises 
from alcohol in yellow prisms, which melt at 
290"-292°, and .sublime undecomposed when 
carefully licated. It is almost insoluble in ether, 
benzene, chloroform, and excess of caustic soda, 
difhcultly soluble in glacial awdio acid and abso- 
lute al<*ohol, readily soluble in acetone. Gives 
with zinc-dust and KOH the aiitiiraquinone re- 
action ; rediK'tion with zinc-dust and ammonia 
converts it into .inthra<;ene-2-earboxyhc acid. 
Distillation over red-hot asbestos decomposes it 
into GO., and aiitiiraquinone. It dissolves in 
sodium acetate and aminoniuni oxalate, and is 
not rcjirecipitated on tlu' addition of acetic acid. 
Fusion with soda converts it into oxyanthra- 
quinone carboxylic aciil GjjHpO^. 

The Calcium .salt Ga(G,5H704)j and the 
barium mil 1^(01511,04).^ are sparingly soluble. 

The Ethyl edcr (T.,iebermann and Gloek, Ber. 

' 17, 890) t\5H704’l\H. IS formed by the action 
of alcohol on the "chloride. It crystallises in 
needles, melts at 147", and is readily soluble in 
alcohol. 

The Chloride 0,5ll,0j01 is produced by treat- 
ing the acid with PCI5. It crystallises from 
benzene in needles wliicli melt at 147". 

The Amide Cj4H,02C0NH2 is obtained by 
passing NII3 into a benzene solution of the 
chloride. It crystallises from a mixture of 
glacial acetic acid and benzene in needles, whicli 
melt at 280°, and arc rliflicultly soluble in alcohol 
and benzene. 

'I’he Anilide. erystalliscH from xylene in needles, 
m.p. 258°-260°. 

N droanthraqnmone carboxylic acid 

(h4H5(NO,)()2-GG()H 

is produced by mixing the solution of the acid 
ill concentrated sulphuric acid with nitric acid, 
(’rystallises from glacial acetic acid in small 
needles, which melt above 300°. ^Gives with 
sulphuric acid a violet colouring matter. 

l-Nifroanthraquinone-2-carboxylic acid. Ter- 
res (Ber. 1913, 46, 1038) prepared this deriva- 
tive by oxidising l-nitro-2-methylanthraquinone 
with chromic acid in concentrated nitric acid 
solution. It crystallises from acetic acid and 
melts at 283°. The corrp.8}joiiding amide occurs 
in nearly colourless prisms, m.p, 299°-301°. 
Further details of the preparation %re given in 
D. R. P. 229394. ... 

J)initroanthraquinone-2-carhoxi/l%c acid (Lim- 
pricht, Annalen, 309, 122) is obtained by the 
oxidation of the corresponding anthranol with 
chromic acid in acetic acid solution. It forms 
yellow needles from alcohol and melts at 316°. 

l~Chloroanthraquimn€-2-cxirbozylic acid. This 
acifj is an important intermediate in the manu- 
facture of certain valuable vat-dyestuffs, especi- 
ally Indanthrene Red BN. It may be prepared 
by oxidation of l-chloro-2-methylanthraquinone 


METHYL- ANTHRACENE. 

I 

I 




m 


METHYL-ANTHRACENE. 


hy means of sodium dicliromate in 90 p.c. acetic 
acid (Ullmami and Bincer, Bcr, iOlO, 49, 732) 
or alternatively^ by oxidation of the same 
substance with nitrous fumes in ttichlorobenz.ene 
solution at 100“ (J>. R. R. 250742). It is also 
said to b(f obtained by tlus action of chlorine 
on a hot nitrobenzene solution of l-nitro-2- 
methylanthraquinone. The acid crystallises 
in jiale yellow needles, meltinjj; at 272“, and its 
methyl ester occurs as ])alo yellow leaflets, 
melting at 101 ‘5 . I’he benzyl ester is prepared 
by the action of benzyl chloride and pyritbiie 
at 100“ on th«‘ acid, 'rids derivative crystallises 
from aJcohnl m yellow needles, melting at 
135-130’. 

'.\-(Vdotofin(hKi(/nniou('-2 (nihoxylu acid (Hll- 
niann and Dasgipita, Her. 1914, 47, 501) is 
obtnined by tlie oxidation of the eorres|>onding 
aldehyde, itself jiiofluei'd by the iiydrolysis of 
3-eldoro-W'dibiomo-2 inetii3'lnrit lu’aquiiione. 'I'he 
acid melts at 270' - 27H'’, and its ethyl ester at 
150“-15r’. 

5 : H-l)iLliloroantfna(jHinon.( -2-curh().t t/lic acid 
IS produced in good yi(4d by the chlorination ot 
‘ sdv('r salt’ dissolved in eoneentrated sul- 
phuric acid at 125“ and in [iK'si'iice of iodine. 
The substance is obtained in biight yellow' 
crystals and melts abuvi* 31)9 ' (1). R. R. 255121). 
The constitution assigned to this substance is 
rendered piadiable by tlu' prejiaratioii of deriva- 
tivi's, which show that the eldoime af.oms are 
in th(! p-posdion to each other, and by the 
ju'cparation of the isomeric 1 : i-dichlowanlhra- 
(juinonc~2-c(ulHixijlic and by oxidation of 1 : 4- 
du‘liloro-2-mcthylantbraf|uinoue. 'I'Jiis isomeric 
du'hloro-acid melts at 2f(»’21S' (I) R. \\ 
250742). 

l-Aintnoaidliraiini uone-2 carho.u/Itc acid. 'J’his 
substance separates from nitrobenzene in 
brownish-red glistening needles, melting at 2S()'’, 
and IS ])repared by the reduction of the eoi re- 
sponding nitro-compound by means of sodium 
sulphide (Torres, Her. J913, 4(i, 15.37). It is 
also the product of the action of ammonia in 
jiresetice of (‘ojqier compounds on l-ehloro- 
aiit.liraquinone-2 -carboxylic acid at elevated 
temperatures (1), Rv. V 247411), and it may be 
synthesised by the action of 10 ]i e. oleum on 
n-aminocarboxybonzovl benzole acid at 180“ 
(1). R. R. 248838) 


I bronze at 1()0‘^~180“ in an autoclaye. The 
substance crystallises from nitrobenzene in 
, brownish -yellow needles, melting at 302“-303® 
! (IT.. J>.), and forms an acetyl derivative, melting 
' at 248“ (W., M,). By rejihieing the ammonia 
I in the above process by aromatic amines Ull- 
‘ mann and Dasgujita ])repared N-aryl-deriva- 
I tiv(‘s,sueh as3-anilidoanthraquinone-2-earboxylic 
I acid, in.p. 31(i“-317°, and 3-^-naphthylammo- 
ant !ir'.iqiiiiione-2-eai boxylie acid, melting at 
332 . 

I : \-i)iamnbontdhui<{utnu}tc-2-carboxiflic acid. 
2-.\miiio-5-a.cetylarmno-4-earboxyl)enzoylbeiizoic 
acid IS luMted with six times its weight of 95 p c. 
.snbihurie acid at 190''. 'rbe aeid sejiarates from 
alcohol in dark blue ma'dles with bronze lustre, 
and melts above 35tR (D. R R. 251885). 

A Mil/iori/a)t(lna<nii)iOiif-f^-( uboxylic acid, is 
the product of the .letioii of nud-bylalooholie 
sodium liydioxide on nit roa,nthra(plmone-2- 
l<lrbo\vlle acid (from the miration of the acid). 
It ei yslallises in yellow needles, melting at 279“ 
(Rekeit, Monatsli. 1914, 35. 2S4). 

’A-Pfinu>xi/antJirarjmnonc-2‘Ca)boxi/lic acid is 
prepaied by heating 3-eliloroanthraqninone-2- 
<Mi IxtKybe add with phenol, potassium earbo- 
rniti' and copjicr broirze (I'llmami and' Dasgujita, 
I ('.). 'Die iiearlv colourless needles melt at 270°. 

Oiiuir.arhic-^-ctnboxi/lic acid. /5-Metliyb 
(piinizarine is oxidised by gradually heating to 
J.50“ with 90 p e. sul)>hurie acid, sodium nitrite 
.ind bone aeid. 'Pbe acid erystallisi's from nitro- 
; beii'Zdie in yi'llow-biow u needier nu'lting at 
, 244'-24(i'' (1) It. R 273341) 

I*t() jannu aibai i/hc a> id 
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'The amide melts at 2710- 281°, and in addition, 
N-raethyl, N-phonyl, N-p-chloroplienyl and 
N-^-naphthyl and similar derivatives have been 
described (D. R. P. 247411). Apparently the 
aniinoanthraquinone-)S-carboxylie aiad described 
by Eckert (Jfionatsh. 1915, 35, 295) is a different 
substance. This melts at 338°, and is obtained 
by the reduction of the nitration product of 
anthraquiiione-2-carboxyhc acid. 

A- Aminoanthraquinone -2-carhoxylic acid. Will- 
gerodt and Maffezzoli (d. pri (3iem. 1910, fii.] 82, 
210) obtained this acid by the action of hypo- 
chlorites on the half amide of anthraquinone- 
2 ; 3-dioarboxylio acid. Another method' is 
that of Ullraann and Daagupta (Ber. 1914, 47, 
662), who heated 3-chloroanthraquinone-2-car- 
boxylio acid with aqueous ammonia and copper 


I 'riiis compound is prejiared Irum ahzarnie (‘iii- 
1 boxylie aeid by oxidation wuth manganese dioxide 
I 111 Hulpliurie acid solution (D. R. J*. 250755, 
i 272301). It IS a led powdiu’, but may be 
' crystallised from chlorofoiiii in glistening led 
leaflets melting at 222“- 224°. 

; Under the heading methylantliracene, be- 
j sides <1- and w-metliylanihraeene two other sub- 
I stances are to be found in ebemical litoraturix 
j evoMethylanthrat’ene (Bornstem, Ber, 15, 

1 1821) obtained by digesting I’some.thylanthra- 
' quinone with zini;-diist and ammonia, and by 
I distilling /)-loliiene jihthaloylie acid (dresly, 
i Aiiiialeii, 234, 238), with zine-dust, is evidently 
^ identical with )S-methy]anthracene. 
j Methanthrane RiJlia (Oudemans, J. pr. 

I Chem. [ii.] 9, 415), obtained by distilling podo- 
' carpmic aeid C’i7H22U3 with zinc-dust, is 
I proh.ihly not an anthracene derivative at all. 
It melts at 117°, and gives on oxidation with 
CrO , and acetic aeid, methanthraquinone 
UisHioOj which crystallises from 70 p.c. alcohol 
' ill orange-red needles melting at 187 . 

I It therefore possesses more the properties of a 
phenanthrene than of an anthracene derivative. 

, UlMETHYLAKTHRACENES. 

0-Dimethylanthraoene 


C.H. 


iMe 

Me 
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(Ellbs, T. pr. Chem. 1890, 41, 5) is readily pre- 
pared by the reduction of the corresponding 
(2, 3) dimethylanthraquinone with zinc-clust and 
ammonia. 

5 grams of the quinono, 30 grams zinc-dust, 
and 600 c.c. aqueous amnujuia (equal parts of 
concentrated ammonia solution and W'aier), are 
heated to boiling until the red liquid which is 
produced at first has become colourless. The 
"Tinass is then filtered, the residue w ashed with hot 
water, dried in a water oven, and repeatedly 
extracted with boiling alcohol. The clear alco- 
holic extract deposits on cooling yellowish plates 
of diinethylauthracerM'. o - 1 liinethylanthracene 
melts at 24(1 \ and sublimes in eoloinh‘.ss plates 
which possess a bluish-green lluoreseence. It 
IS readily soluble m benzene and hot alcohol, 
but ddlicultly soluble in cold alcohol. 

The j)icric acid comjiouiid erystallisi'S in long 
gainet-red needles ; it is i<‘add_\ decomposed by 
alcohol. 

V- or (2, 3) Dimethylanthraquinone 

(' H 1 1 ‘^ 

IS obtained synthetically by heating o-xyloyl- 
o ben/oic acid wuth HaSO,. 




^COOlf 


Me 

^oMe 




1 1 


Mo 

Me 


1 part of o-xyloyl-o-benzoic acid is dissolved 
ill () parts of w^arm concentrated I loS and the 
mixture heated at 128' for a quarter to half an 
hour, the dark-coloured solution ])ourcd into a 
dish, and placed next to a dish of water. As the 
solution becomes dilute the quinone crystallises 
out, the operation being complete in 3- 4 days. 

The jirecipitate is collected, washed with 
w^ak'r and dilutee ammonia, and inirified either 
by sublimation or recrystallisation from xylene ; 
o-dimethylanthraqinnone is thus obtaiiual in 
long yellow^ needles which mi'll at 1 83”. It is 
readily soluble in but xylene, benzene, and alco- 
hol, and ’s readily reduced by zinc-dust and 
ammonia to o-dimedbylatithraccne, hence its 
constitution is probably that given above*, and 
not 


J Im, 

Me 


(Compare action of zinc-dust and ammonia on 
diinetliylanthraquinones with a CII 3 group in 
the 1 or 4 position.) 

A dimethyl anthraquinone, which is probably 
identical with this, is obtained by oxidising 
dimethyl anthranol with chromic acid in acetic 
acid solution (Limpricht and Martens, Annalen, 
312, 103). It forms yellow needles from alcohol 
and melts at 200 °. 

Anthraquinoiie-2 : 3-dicarboxylic acid 




/ 


COv 


>C00H 




plates, which melt at 290°, and consist now' of 
anthraquinone dicarboxylic anhydride. 






■-co^ 


''-CO. 


>0 


Ammouimn, ftah. Red amorpiKUis mass, 
easily soluble in water. 

(Uilcivm sali. Light red precipitate, almost 
in. soluble in water. 

Lmd sail. Light red ])recipitate, almost in- 
soluble in water. 

Silver salt. Light red preeijiitate ; is decom- 
posed on heating into (T)^, Ag, and anthra- 
quinone. 

Anthracene-2 : 3 -dicarboxylic add 

I 1 Jlooh 


IS readily pri'p ired by treating the solution of the 
ammonium salt of anthraquniono dicarboxylio 
acid with zinc-dust and ammonia until the red 
solution becomes yellowish -green eolourod ; and 
then ])rocijutating tlie eleai’ solution with HCl. 

Aiithract'iie-o-diearboxylic acid crystallises 
fioin alcohol in small yellowisli-green crystals, 
which melt at 346”. It is insoluble in water, 
readily soluble in alcohol. The solution in 
dilute ammoma fluoresces blue-green, that in 
dilute NaOTl blue. 

Tliii acid, if candully heated, gives a yel- 
lowish-red sublimate of anthraeime-o-dicarboxy- 
lic anhydride 




Calcium salt. Biownisb -green precipitate, 
almost insoluble in water. 

Lead salt. Yellowish precipitate, insoluble 
in wuiter. 

Silver salt Yellowish -lirown precipitate, in- 
soluble in water ; deeomjjoses on distillation 
into ( 10 , >, Ag, and anf liiacene. 

m-Dfmethylanthracene 


Me 



(Elbs, J. pr. Chem. 1890, 41, 13). This hydro- 
liarbon cannot be jiroduced by the reduction of 
Art-methylantbruquinoni^ with zin(?-dust and 
ammonia. 

It is obtained by passing incsityliihenyl 
methane (Louise, Ann. Chim. [vi.] 5, 187, 193) 
through a red-hot tube 


Me 

c,ir.-cH,-X 

Me’^ ^Me 


Me 

/\/\ 


Or by distilling ?«-xyIoyl-o-benzoio acid 
Mo 


O’ 




iMo 


is produced by heating o-dimethylanthraquinone 
(3 grams) with 20-26 c.c. of nitric acid (sp.gr. 
1 ’ 1 ) in a sealed tube at 210 °- 220 ° for five hours. 
It crystallises in yellow needles, melts at 340°, 
and when strongly heated sublimes in yellow 


with zinc-dust (Greely, Annalen, 234, 238). 

sa-Dimethylanthracene crystallises from al- 
cohol in colourless plates, which melt at 202 °- 
203°. Gives with bromine y-brom-m-dimethyl 
anthracene tetrabromide (m.p. 176°-180°). 
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7?i>Dlmethylanthraquinone | 

Me 

.CO^/\ 

is pi'epare'd by the action of sulj)lmiio acid on 
77i-xylovl-o-benzoio acid (Elb.s, J. pr. (dicni. 
1890, 41, 18). 

Mo Me 1 

! 

1 1m0 ^ 6^^4\ ' 

^COOH \/"® C'O ./ I 

1 part of the pure acid la diHHolved in 7-10 ] 
parts of concentrated sulphunc acid, the clear | 
solution heated at 110"-I25‘' for half an hour. ' 
the product ])(mrcd in a thin stri'ain into water, 
and the precipitate treated as described under 
m-mothylanthraqiiinr>ne. Yield ^<>0-70 j).c. of 
theory. m-Dimethylantliraquintuie crystalhses 
in small needles which melt at It dis- 

solves with difficulty in alcohol and benzene. 
Zinc-dust and ainnionra reduces it to ai-di- 
methylanthracylene CjcHia’ dimethyl- 

anthracene. 

rn-DImethylanthracylene ■ 

' CH. 


Preparation. — ia-I)imethylanthraquinono (5 j 
grams), finely powdered, is mixed with zinc-dust 
(30 grams) and c<iiicentrated aqueous ammonia 
(200 C.O.), and a solution (5 e.c.) of basic copper 
carbonate in ammonia added. The product is 
well agitated, and gently warmed until it has 
assumed a light green colour, then boiled for six 
hours with the addition from time to time of 


This acid is produced quantitatively by the 
oxidation of m-diniethylanthraquinono with 
dilute nitric acid (for details, v. tho^ o-dkarh- 
oxylic acid) or by the oxidation of 3-mcthyl- 
anthraquinone-l-carboxylic acid by means of 

pormanganate (J). R; R., 259305, 1913). It 
cryHtalhscH m fine j^cllow needles, which sublime 
above 230" without melting. It is almost 
insoluble in water, and dillicultly soluble in the 
ordinary organic solvi'iits. 

Ammonium Mill. Reddish warty masses, 
easily soluble in wati'r. 

Potas.'ivum .sail. Reddish gelatinous mass, 
which becomes erys'allme on standing, and 
contains then 2 mol. of water of cryslallisation. 

Sodium sail. Reddish crystalline crusts, 
contains 9 mol. of water of crystallisation. 

Calcium, salt. laglit red | owder, insoluble 
in water and alcohol. 

Barium .Mill. Light violet jiowder, contains 
J mol. of waiter of crystallisation. 

Lead salt. Red ])owd(My precipitate, iii- 
.solnblc in waiter and alcohol. 

('ofrper sail. Darh green crystalline powder, 
contains 1 mol. of water of crystallisation, in- 
soluhhs in water and alccdiol. 

Silver .Mill. RiiiKish [)rcc*i|)itatc, almost in- 
soluble in water and alcohol. Decomposes on 
heating into CO .. Ag, and anthraijuinone, 

Anthraquinone-w -dicarboxyl chloride is oh- 
taiued by warming th(>. acid (5 grams) with 
[)ho,s])horus pentaehlomh' (7 ’5 grams), distilling 
off the })hosphorus oxychloride at 140'', and 
sluikiiig the residue w’lth watci and chloroform 
3'h(“ chloroform solutiun is drictl over Ca(-l,_j and 
(‘Vaporated, wdien the a' id chloride remains be- 
hind as a reddish mass, which showed little 
tendency to crystallise. 

Tho acid amide jirejiaied by treating the 
chlondc with amnionia is also difficult to obtain 


small quantities of cojqicr carbonate dissolved 
in ammonia. The mass is tiltcred, the precipi- 
tate washed wdth water, dried at the ordinal y 
tem])erature, and extracted w ith boiling alcohol. 
The alcoholic solution on cooling deposits a 
small quantity of crystals, w Inch are filtered off. 
The mother liquor is partially evaporated, again 
allowed to stand, tiltiTod from the crystals 
which form, and this operation rejieated iinf il 
oily drops appear. The remainder of the. hydro- 
carbon present in the mother liquor is purified 
by convert on into the picric acid comjnmnd 
and decomposing this with ammonia or sodium 
hydroxide solution (Elbs, l.c.). ^ 

m-Dimethylanlhracylene crystallisc.s from 
alcohol in groups of colourless })latcs whicli 
melt at 86“. It is readily .soluble in hot alcohol 
and glacial acetic acid, difficultly soluble in cold 
alcohol. 

With picric acid it forms a deep garnet-red 
compound C,eH,.j-CgH.^(NOa) 30 H,^which is not 
decomposed Dy alcohol. M.p. 135°. 

Treated with bromine in CSj solution (4 at. 
Br. to 1 mol. C,,H, 2 ) an unstable dibromo com- 
pound CigHioRi "2 is produced, which crystallises 
from CSj in sulphur-yellow prisms, which melt 
at 176° with decomposition. 

Anthraquinone-m-dioarboxylio acid 


111 a crystalline condition. 

Anihracene-iw-dicarboxylic acid 

A/x/\ 

I J Jeooh 

IS ])repared by reducing anthraquinonc-i/i-dicarh- 
oxyhr- acid with zinc-dust and ammonia (for 
details, V. the o-dicai boxy lie acid). Crystallises 
in brow'nish-yellow masses, which do not melt 
at 330°. It is almost iiisoliiblo in water, diffi- 
cultly soluble in most other solvents. 

Ammoinmn. salt. (Ti'eyish-green erystalline 
powuler, readily soluble in water, dillicultly 
soluble in dilute alcohol. 

Coppet salt. Dirty-green precipitate, almost 
insoluble in water and alcohol. Dissolves in am- 
monia, producing a yellow' solution with a strong 
blue fiiiorescencc (characteristic). 

Silver salt. Light brown powder. Dissolves 
j in ammonia, producing a yellow solution with a 
I blue fluorescence. 

i The chloride of the acid has the same proper- 
j ties and is produced in the same manner as the 
I chloride of anthraquinone-wi-dicarboxylic acid 

I p-Dimethylanthraquinone 

1 Me 


COOH 
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is produced by the action of H2S04 on p-xylovl- 
o-benzoic acid, at a temperature of 126® {Elbe, 
•f. pr. Chem. 1890, 41, 27 ; Oresly, Annalen, 
234, 240). 

Me Me 

,co^/\ /XK/\ 

c.h/ I I c,H.( 1 ; 

^COOHX/ \'()^\/ 

Me Me 

The details of the preparation and puritica- 
tion are the same as thf)se of the ortlio deriva- 
tive. Yield 60-05 p e. of the theoretical. 
?>-I)imcthylarithraquinone crystallises from xy- 
lene m yellow needles, which imdt at 118®-! Ili®. 
It 18 readily soluble in benzene and xylene, 
sparingly soluble in alcohol. 

P-Dimethylanthracylene 

uil. 


is produced when p-dimcthyiantliraquinone is 
reduced uith znie-du.st and ammonia (e. in-di- 
mothylaiithraeylene). 

It crystallises from alcohol in plates which 
melt at 03°. 

The pierate , ('nUglNO^laOH crystal- 

lises from alcohol in daik red neeilles, whieh molt 
at 129°. 

Antbraquinone-p-dicarboxylic acid 

('OOH 

/CO^/\ 

I I 

\\)^\/ 

coon 


chloride, or on toluene and acetylene tetra- 
bromide. 

Lavaux (Compt. rend. 139, 970) isolated 
from tins product, benzene, xylene, dimcta- 
tolyhuethane, diparatoiylmothane, )3-methyl- 
anthraeene, and three isomeric dimothylanthra- 
oeiies, having m.ps. 240°, 244-6°, and 80° 
respectively. The substance of m.p. 244*5° is 
2 : O-dimethylauthracene and the constitution is 
proved by the following synthesis taken in con- 
junction with the other evidence : 

/ii-Tolyl in A xylylketone (8ecr, Monatsh. 32, 
143) from ///-toluoyl chloride and m-xylenc, 
when boiled for livi' days is changed to 2:0- 
dmH'thyl.inthracerie of m.]). 243°. 

The hydrocarbon can also he prepared 
(Anschutz, Annalen, 235, 319) by distilling the 
tetrahydrnU' of the tetramethylanthracenc of 
Anschut/. with zine-diist. This jiroparation 
harmonises better with the constitution 2:4: 0:8 
for the latti'r hydrocarbon than for the 1 ; 3 : 0 : 8 
.structure assigned by Dewar and Jones {v. 
infra). 

I’he substance crystallises from benzene in 
gii'ciush-yellow plati-s and is readily soluble in 
henzeue, ddhcultly so in aleohoi. 

2 : O-DimetblyanthratiUinone is produced by 
the oxidation of the anthracene derivative by 
chromic acid in acetic acid solution. It is also 
obtained in 19 ji.c. yield by heating w-toluoyl 
chloride and aluminium chloride at 130° for 
two hours and then at 130°-140° for 10 hours. 
It is very sparingly soluble and crystallises from 
acetic acid, nitrobenzene, or in the form of long 
silky needles from alcohol. It melts at 236°. 

Anthraquinone.2 : ()-dicarboxylic acid is ob- 
tained when the above quinone is boiled with 
chromic acid and ai-etic acid for 00 hours, It 
forms a cldoricle which lias m.p. 197°-198°, and 


is prepared by oxidising p-dimethylanthraqui- j ^bis with aleobolie ammonia yields an amide 
none with dilute mine acid (for details, v. the ' L'|«Hj0O4N._,, infusible at 370°. 

0- and w- deiivativcs). \’^icld nearly quantita- " • 0-Di a-naphtboylantbraquinone CsbHjjqO^, 
tive. it crystallises in small yellow crystals, ■ P* 183°-185 , is obtained from the chloride, 
which are diOieiiltly sol ulilcmwker, butiWhly . naphthalene, and aluminium chloride in nitro- 
soluble in aleoliul. Thv melting-point lies above ! benzene at 75°~80° after 20 hours. 

300°. The salts are .similar to tho.se of tin- r>. i ^ : 7-Dimethylanthracene (a and y-dimethyl- 
and in- derivatives. anthracenes) 


Anthracene -p dicarboxylic acid 
(H)OH 

/\ y-v V 


Xz-'x/X/ 

(JOOII 

is obtained in the same way as its isomerides, by 
reducing anthraquinune p-dicarboxylic acid with 
zinc-dust and ammonia. 

It crystallises from alcohol in the form of a 
light brown crystalline pow'der which melts at 
about 320°. It i.s readily solufilc in alcohol, but 
almost insoluble in water. 

The salts are similar to those of the o-acid. 

2 : 0-Dimethylanthracene 


M(' 


y^x/Xy^X 

' I I 

x^x/x/ 


Me 


Friedel and Crafts (Ann. Chiin. [vi.J 11, 
266) obtained an unseparated mixture of di- 
raethylanthracenes and other substances by each 
of two reactions, namely by the action of alu- 
minium chloride on toluene and methylene 


93iis hydrocarbon is producei^ (Elbs and 
Wittich, Bcr. 18, 348) when a mixture of 3 parts 
toluene, 3 parts carbon disulphide, and 1 part 
chloroform is treated with 2 parts of aluminium 
chloride. It is formed further (1) together with 
ditolylmethano and m- andp-xyleno, by 

treating a mixture of toluene and methylene 
chloride with aluminium chloride (Fnedel and 
Crafts, Bull. Hoc. chim. [li.] 41, 323); (2) bv 
treating xylyl chloride CHj-CjH^'CHjCl with 
aluminium chloride (Friedel and Crafts, ibid, lii.] 
41, 320) ; (3) by treating toluene and acetylene 
tetrabromidc with aluminium chloride (Anschutz 
and Immendorff, Ber. 17, 2810 ; Annalen, 236, 
172) ; (4) by treating toluene with nickel car- 
bonyl and aluminium chloride. In this reaction, 
p-tolualdehyde is a by-product (Dewar and Jones, 
CHem. Soc. Trans. 86, 212). 

It is identical with the hydrocarbon isolated 
by Zincke and Wackendorff (Ber. 10, 1481) 
from the higher boiling fractious of coal tar. It 
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crystallisea from alcohol in glittering yellowish 
plates which melt at 215° (Elbs, /.r. ; Dewar and 
Jones, l.c.) ; 224°-225° (Fiied<ii and Crafts, l.c.). I 
It sublimes readily, is moderately soluble, and ! 
yields the following oxidation products. i 

y-Dim^thylanthraquinone (Zmeki* and Waok- 
endorff, ^.c.). j 

is produced by the oxidation of the above hydro- ; 
carbon with CrO, and acetic acid ; it crystallises 
from dilute alcohol in small straw-yellow neialles, 
M'hioh melt at 1 65°. 

It sublimes in almost colourless flat needles, I 
is moderately soluble in alcohol, ether, benzene, ' 
glacial acetic acid, and hot light petroleum. 

Methylanthraqulnone carboxylic acid 

is produced by tbe oxidation f)f y-dimetbylanthra* 
cene (m.p. 224 -226°) with (VOj and acetic acid. 
It crystallises in tlocks, which nu'lt at 244'-'-24(i°, 
and sublime, when strongly heated, in small 
needles. 

Anthraquinone dicarboxylic acid 

coo h c.n 1 1 , ( oon 


2-m-xyloylbenzoic acid with 90 p.o. sulphuric 
acid (1). K. P. 23^17). 

Chloro-derivatives (Harrop, Norris and 
Woizmann, Cheni. Soc. Trams. 95, 1312). 

3 : 6-Dichlorophthalic anhydride was con- 
densed with the three xylenes by means of 
aluminium chloride in carbon disulphide solu- 
tion. 

The benzoyl benzoic acids were converted 
to the corresponding quinones by heating with 
sulphuric acid containing boric acid and 10 p.c. 
of sulphur tiioxidc for 10 minutes at 120°. 

5:8- Dichloro -1:2- drnif lhylanihraqntno7ic 
fiom o-xylene crystallises from acetic acid in 
greemsh-yellow needles and melts at 2()9°-270°. 
Its colour in sulphuric acid is orange-red. 

6:8- Dhhloro- 1 : 3 - dimelhijlmithraquuione 
IS produced in poor yield. It crystallisrs from 
xylene in light yellow needles and melts at 
208°. 

5:8- Jjiihloro -1:4- dninOnjla nihutqin7ione 
melts at 244°. When these cliloro compounds 
are heated with aniline, sodium phenoxide, or 
phenyl mercaptan and caustic soda, the cbloniic 
atoms are replaced by the groups — NHlTi, 
— OlTi, and — SPli respectively. 

Hydroxy derivatives. 

4-Hydroxy -1:3- dimethylanthraquinone 

(Bentley, (iardner and W'eizmann, I c.) 


IS formed, togidher with dinu'tbylanthiaquinoiic 
and methylanthraqulnone earboxyfic acid, by 
oxidising y-dimcthylanthrnet'ne wiiii (TOg. It 
crystallises in small warty masses (m.j). not 
given). Jt is readily 8e])arated Irom iiiethyl- 
anthraquinono carboxylic acid by treatment with 
concentrated NaOH, m w Inch the sodium salt ot 
the dicarboxylic acid is readily soluble, but that, 
of the monocarboxylic acid sparingly soluble. 
The solution of the acid m KOH bceoiiies violet 
on ex]) 08 ure to tlie air. 'Jhc Ba and Ca salts arc 
gelatinous and insoluble. 


Dimethyl Amthuaoene Derivatives. 

Nitro - compounds. 4-iVi/;o- 1 : W-dundhi/l- 
tmtliraquvnoiic of m.j). 234° is obtained by 
boiling 1 : 3-diinothylaiitliraquinone with nitiic 
acid (sp.gr. 1 ‘37) for 10 hours. It is reduced by 
alkaline hyposulphite to tbe ammo compound 
which has }h'’actically the same m.p. 4-/orfo-l ; 

Z - di7ncthylanthraq7i77io7ip, m.p. 118°, is pro- 
duced when the diazotised amine is treated with 
potassium iodide (Scholl and Potschmauscheg, 
Ber. 43, 346). 2:4- Jhfutro -1:3- dimethyl - 

anthraqumo7ie melts at 283"-285°, and is pro- 
duced by agitating the quinom* for many hours 
with fuming nitric acid (sp.gi . 1 -52). 

1 : 5 ■ Din^lro - 2 : (y ■diniethylanthiaqu mouc (?) 
(Seer, l.c.) is obtained by the nitration of 
2:0- dimethylanthraquinone with sulphuric 
acid and potassium nitrate. Jt forms colourless 
needles and on reduction with alkaline hypo- 
sulphite'vields the corresponding diamme, dark 
red needles, melting at 265°-256°. The corre- 
sponding diiodo compound, obtained in the 
usual way, forms orange-yellow needles, m.p. 
273°. « 

l»^rnirm-2 : ^-dhneihyknUhraqidmmc separates 
from benzene m dark I’ed crystals melting at 
293°. It is prepared by ring closure of 5'-amino- i 



J’htbahc anliydndi' and w-4-X3'len()l, when 
fused togcthci with boric acid, yield a benzoyl 
benzoic acid which, on further treatment w’ltii 
sulphuric acid, changes to this qumone. It 
crystallises in needles from acetic acid and melts 
at 173 -175°. 

Methyl ether. Phthalic anhydride and 
4 : xylyl methyl ether in presence of alumimum 
chloride yield 2'-mothoxy -3' : 6'-dimethyl - 2 - 
benzoyl benzoic acid. TTie latter, on treatment 
with sulphuric acid, yields 4 : methoxy : 1 ; 3 : 
dinietliylantbraqumone, yellow needles from 
acetic'acid, m.p. 176'’-! 77°. 

4:«> (or 7) Dihj'droxy-J : 3 -dimethylanthra- 
quinone. 



Thi.s qumone is obtained direct by tbe con- 
densation ot 4-hydroxy])hthalic anhydride with 
w-4-xylenol by means of boric acid. It 
crystallises m yellow needles from acetic acid 
and molts at 270°. Its solution in sulphuric 
acid IS intensely bluish-red (Bentley, Gardner 
and Weizmarm, l.c.). 

Dimethylanthrarufln (Kostanecki and Nie- 
mentow'ski, Ber. 18, 260) 


OH 


xMe 




OH 
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is obtained, together with small quantities of two 
other isomers, by heating symmetrical w- 
hydroxytoluic acid with sulphuric acid. 


Me' * 

on 


OH 

/\ 

Met JOOOH 


'riie crude ])roduot is poured into muIit, the 
])recipitat(‘ colk'ctcd, washed amHi water, and 
treated with baryta watiT, which leaves the 
dimethylanthraruiin undissolved. The' barila 
('xtraot 18 precipitated witli HOI, tlie ])iecipi1ale 
extracted wdth alcohol. Dunethylbon’/dihydioxy- 
anthraquinoiio di.ssolvcs, whei'eas diniolhyl- 
anthrailavic acid is insoluble (a. itifid). 

Dimothylanthra rutin ciyslalhscs from ben- 
zene in yellow silky needles, wliieli melt at 300‘ 
and sublime in oi.uigi'-red needh's It docs not 
dye mordanted cloth. The solution in sulphuric 
acid IS cherry-red coloured, and similar to that 
of anthranitin in lOSO^. The duiaintc 




crystallises in yellow jdates, m.p. 23<i' -2:i7". 

Dimethylanthraflavic acid (tor piepaiation, 
V. lh)nclhylanl,hrar(ijiu). It sublinies in yellow 
needles which do not melt at 3()0' . H i8 in- 
soluble in benzene, ditticultly soluble in alcohol 
and glacial acetic acid ; it chssolves in alkalis 
and sulphuric acid with a yidlow colour like 
anthrallavic acid. It does not dye inordanti'd 
cloth. The clMCctak' crystallises in needles 
which melt at 223"'. 

Dimethylbenzdihydroxyanthraquinone (loi 
preparation, v. J)imeihyUin(hraruJin ). It cryst al- 
lises from alcohol in yellow needles which melt 
at 213"’. It dissolves in glacial acetic acid, but 
18 sparingly soluble in alcohol and benzene. It 
does not dye mordanted cloth. The dtn-celate 
melts at 1 88"’. 

1:5- Dihydroxy -2 : t> - dimethylanthratfuinone 
and 3 : 7 -dihydroxy -2 : 6-dimethylanthraquinone 

are together obtained by the action of concen- 
trated sulphuric acid on 2 hydioxy-p-toluic acid 
(Me=lj. The former crystallisc8 in scarlet 
crystals from chloroform and jietroleum etiici 
and melts at 224°-225"" whilst the latter sepa- 
rates from alcohol in acicular crystals melting 
at 232"’. 

3 : 6-Dihydroxy-2 : o-dimethylanthraquinone is 
similarly obtained from 3- hydroxy -p-tohiic acid. 
It occurs in bright golden-yellow leaflets melting 
at over 300“ and yields an* acc/y/-derivativt‘ 
melting at 215“, a diacetyl-devivfitivc melting at 
100“ and a monomeihyl ether molting at 214"- 
215° (.Jowett and Potter, T., 1903, 83, 1331). 

Dimethylanthrachrysone (Cahn, Annalen, 240, 
280) 


Me 


OH 


HOi 


\Aco-"\/* 


OH 


OH Mo 


is prepared by heating cresorsellinic acid (I part) 


with concentrated sulphuric aoid (10 parts) to 

100 °. 

Me OH 


HOj^Y’<30H 

\/' 

HO 


/^\ 

(H)0H— ' JoH 

Y 


Me 


/('O^ 


ho,^ I ’1 

\/‘^CO'^\/ 

OH Me 


OH 

^011 


If crystalli.si's from idcohol in bronze-coloured 
neodU's Avhieli do not melt when heated to 300“. 
Jt siihlinieH with dillieulty, aiul then with eonsi- 
derafde dceoniposition. Jt i.s iirsoliihlo in water, 
benzene, and Injlit jielroleum. sparingly soluble 
m alcohol and t'S^, readily soluble in 0H('1_,, 
acetone, and glacial acetic acid. Jt is soluble 
in solutions of the alkalis and alkaline earths, 
Aviih a yoJlow'ish-red colour. The solution m 
sulphnnc acid is magenta -coloured, and show's 
two alisorjition hands in the green. It does not 
(lye mordanted cloth. 

The l(traa('eli/t d( nvative PieHgOjitioH^Oo)! 
crystallises iii yellowish needles which melt at 
2.’il" and are readily soluble in hot alcohol, 
glacial acetic acid, and benzene. 

Dimethylanthragallol (Pirukotl, Annalen, 240, 
287). 


OH Me 

IK) ' ' ' ' 

I I I ^Me 


IS obtained by heating a nuxture ol 5 jiarts 
xylylic acid 


0„n3(COOH)(('Jl3)((lH3),(('()OH : CHa'.Cna^l, 2, 4) 
Avitli 3 jiarts of gallic acid and 40 parts H.^St)^. 


Oil 

Me 

110, 

COOHr^ ^ 

liol ytlOOJi 

1 jj 


\/ 

OH 

M(‘ 


ho;'' 

EO. jVb 


The product is mixed with Avater, the precipitate 
collected, washed with water, dissolved in abso- 
lute alcohol (in which small quantities of accom- 
panying rufigallic acid are insoluble) ; evaporated 
and the residue extracted wdth benzene ; again 
evaporated, and the jirodmit rccrystallised from 
acetone. Glittering reddish -yellow^ needles (no 
m.p. given). Distilled w ith zme-dust, dimethyl- 
anthracene (m.]). 224") results. 'Che absorp- 
tion spectrum of a solution of diniethylanthra- 
gallol in concentrated sulphuric <fcid is almost 
identical with that of anthragallol itself. 

This substance should, from its method of 
preparation, he a derivative of m-dimethyl- 
anthracene, which, how'ever, melts at 202°-203°, 
whereas the dimcthylanthracene obtained from 
diraethylanthragallol melts tit 224°, and is evi- 
dently identical with that obtained from coal tar 
b|[ ijincke and W ackendord. This point requires 
investigation, 

Trlmethylanthracenes (Elbe, J. pr. Chem. 

J890, 41, 121). 
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(1, 2 , 4) Trlmethylanthracene 

Mo 

rYYV 

\/\/\/ 

^ Me 

is produced by the distillation of pseudocumoyl- 
o-bonzoic acid with zinc-dust (Gresly. Annalon, 
234,241). 


Me 


0 H Y^^ I 
\C0UH 


YMo 


G,1L 


/' 


Me 


/ 


Me 

\ 

Me 


Me 


Pnpaniium . — 5 grains of the ])o\vdcred acid 
are intimately mixed with 10 grams of zine- 
dust, and distilled fiom a letoit, the temjiciature 
being laised very gradually. The gieenish- 
colourcd oil which first iiasses ovei is Hcj)arat(>d 
from the reddish-coloured od, which distds last 
and crystallises on cooling ; the latter is dissolved 
111 boding light iietroleum, and the crystals 
which separate out on cooling purified by le- 
crystallisatiou. 

Trimethylanthracene erystalliBcs in white 
plates, possessing a blue fluorescence, and w^hich 
melt at 244'-’. The picrate crystallises from 
benzene in brownish-red needles, which melt at 
145° and are decomposed by alcohol. 

(1, 2, 4) Trimethylanthraquinone 


Me 


I whilst the ^-nitro -derivative results from iiitra- 
tion with concentrated nitric acid at 0° (Elbs, 
J. pr. Ch,, 1890, [ii.] 41, 134). 

^-Amino -\ : 2 ; 4 -trimethylanthraquinone crys- 
tallises from dilute alcohol in dark red needles 
and melts at 154°- 155°. 

5:0:7- Trihydroxy -\ ; 2 : 4 - trimethylanthra- 
quinone has been prepared by Wende (Annalen, 
ISH7, 240. 290), by condensing dune acid (from 
i^-cumidine) with gallic acid. The substance 
crystallises from dilute alcohol in brown needles, 
I and melts at 244°. The absorption spectrum 
j resembles that of anthragallol. The triacetate 
' melts at 174". 

I (1, 2, 4) Trimethylanthracylene 


results from the action of zinc -dust and aniinuiua 
on trimethylanthraquinone (for details, v. di- 
methylanthraeylene). It crystallises from alco- 
hol in colourless i)lates which melt at 64° and 
resemble naphthahuie in appearance. The 
picrate C, 7 Hji-rjl 4 «(N()„) 30 H melts at 134°, 
and 18 decomposed by alcohol. 

Bromine converts the hydrocarbon into the 
unstable dibromo-tnnx'thylanthiacyleiic. 
Anthraquinone-l : 2 : 4-Tricarboxylic acid 





>Me 


/CO. 

\:()-^\ / 
Me 


is obtained liy the action of dehydrating agents 
on p.scudociimojd-o-bcnzoic acid. 


Me 


Mo 




/QO - 


^Mc 




COGH 




M(‘ 


Mo 


Me 


V.li,. 


/ 


.C(K 


COO If 

:)00H 


\c. 


€0-^\ 


In order to obtain a good yield ot tins sub- 
Btanee, the following directions must be i-arofully 
observed. 

10 grams of powdered /weMi/oeumoyl-o-ben- 
zoic acid are dissolved in 100 c.e. ol coucciitraled 
sulphurie acgl, and the product gently warmed. 
The solution, which becomes clear and cherry- 
reddish coloured at 60°, is lieatcd at 115° lor one 
hour, allowed to cool to 70°-80°, and then mixed 
with 10 grams of phosphorus ]>entoxide. the 
temperature being allowed to rise gradually to 
1 15°-] 20° during the addition, at w hich tempera- 
ture it is kept for further two lioiir.s. The wdl- 
cooled product is poured in a thin stream into 
w^ator, the pieeipitate collected, washed with 
water, and then with cold carbonate of soda 
solution ; dried at 100°, and recrystalhsed from 
a mixture of alcohol and xylene. Trimethyl- 
aiithraquinone crystallises in long yellow needles 
wdiich sublime readily and melt at 162°-163°. 
It is readily soluble in ether, benzene, and 
xylene ; sparingly soluble in alcohol. 

a-Nitro-l : 2 : 44ri7nethylanthraquinone, meet- 
ing at 196°-200°, is the product of nitration of 
trimethylanthraquinone with a limited amount 
of potassium nitrate in sulphuric acid solution. 


COOK 

IS produced b> the oxidation of (1, 2, 4) tn- 
methylanthraquinoiie AMth dilute nitric acid 
(y. Anihraqnuione djcarboiyhc acids). It crys- 
tallises from alcohol m ycllowisli-whdc warty 
masses, which do not melt at 320°; It is almost 
insoluble in Avater. 

The ammonium salt separates from its 
solution in reddish amorphous crusts, which dis- 
I solve in water with a deep red colour. 

' Th6 pi unary sodium salt 

0,H4<^^>CeH(OOOH)a(OOONH),2HaO 

crystalliacs in yellow plates, readily soluble in 
hot, but difficultly in cold water. 

Secondary sodium salt 




CO^O,H{COOH)(COONft)„3H,0 

j crystallises in yelloAvish-red plates, more soluble 
in water than the primary salt. 

Tertiary sodium, salt is ATiy readily soluble 
1 in Avatcr, and difficult to obtain in a crystalline 
! form. 

I Neutral calcium salt. Rose-red plates from 
I Avater. 

j Neutral copper salt. Light green precipi- 
j tate, A-^ery difficultly soluble in water. 

I Neutral Lend salt. YcHoav powdery precipitate 

insoluble in w^ater. 

j Neutral silver salt. Re4diBh powdery pre- 
cipitate which, when heated to a high tempera- 
! ture, decomposes into CO.^. Ag. and antbra- 
' quinone. 



METHYL-ANTHRACENE. 


345 


The triethyl eMcr 




I is difficultly soluble iu cold alcohol, more 
readily soluble in hot alcohol, benzene, and 
ether. 

(1, 4, 7) Trimethylanthraquinone 

c Mo 


crystallises from alcohol in glittering white Mo 

plates, which melt at 125°. 

When treated with nitric acid and sulphuric We . j j 

acid trimothylanthraquinono yields three nitro- \ 

derivatives which, on oxidation, yield two mono- Me 

mtro- and one dinitro.antl.rnquinono tncarb- oxi,\imng (I. -1, 7) tiimeUiyl- 

^ / 1 1 • no a \ anthracene witli the theoretical quantity of 

, J:. T in «l««inl onnhe acid soluhcn. Tho yield 

Mglir, acwl, C,jlii(OU)j{COOH)dNO)5, is almost quantitative. It crystallises in yellow 

glacial acetic add, and benzene, insoluble in spa in 


water. 

11. Monomlroanihm<iiunon.c tricarboxylic acid I 
crystaltiHes in small ci ystals, wdiich melt at 
d(iO -370° with (lecomjKisition, i.s readily solul)l“ 
in alcohol, ether, and benzene, inaoluble iii 
water. 'Fhe eopjiei .salts of these tw'o acids 
(lifter very (hsimctly. That of aeid 1. crys- 
tallises in gi’ei'ii needle, s, which dissolve in 
ammonia with a green colour ; that of acid 11. 
erystalhses in red iictHllcs whicli dissolve in 
ammonia, fonmng a rt'd solution. 

Jjinitro anthraquinonc (1, 2, 4) iricarhori/lic 
a< id, tyTlj(]^02)2(C0)u((J()()}l)j, melts at 340°- 
3()0° with decomposition. 

Anthracene -1 : 2 : 4 tricarboxylic acid 


alcohol. With zinc-dust and KOll it gives the 
anthra(iuinono reaction. t)n further oxidation 
this substaueo^jdeids a iiiixture of carboxylic 
acids which could not be satisfiicturily separated. 

(I, 3, (I) Trimethylanthracene 

Mo 

/\/\/\ 

Me i i jMo 


18 synthetically prepared by the action of heat 
on ili-m-xylylketone (Elhs, ic. M2). 


1 1 ! The 20-25 p.c. of the theoretical. It 

\ /' / crystalli.sc8 from a mixture of alcohol and 

(JOUH acetone in plate.s which melt at 222°, is dif- 

licultly soluble in alcohol and light petroleum, 
is readily obtained by reducing anthraqiiinone readily in ether and glacial acetic acid, 


(1, 2, 4) tricarboxyhc acid with zme-dust and y^ry readily in CS.,, aectoms and benzene, 
ammonia (for details, see the corresponding y.Jhhromo i)) IrimHhylanihracpnc 

dicarboxyiic acids). It is readily soluble in ^ 
benzene and light petroleum, still moie readily 

in alcohol, with a yi'llownsh-grcen colour, in- (• H,.(Me) .<f ^CJIaMo 

soluble ill water. No .shar]) m.p. was observed, * “ " ii 

as the acid sublimed above 2r»()°, being converted 

probably into the anhydride. results when liiiiiethylanthracciie (1 mo] 


probably into the anhydride. results when liiiiiethylanthracciie (1 mol.) dis- 

The alkali ,^aU(, arc very readily .soluble m jy treated with bromine (2 mol.), 

water, and do not crystallise readily. • evaiioratioii a brownish-yellow crystalliuo 

The .nicer mil is a ycllowish-green precipi- obtained, which crystallises from 

tato which, on heating, is decorniiosed, yielding rosettes of yellow plates which melt 


a sublimate of anthracene. • 

(1, 4, 7) Trimethylanthracene , ( 1 6) Trimethylanthraquinone 

Me Me 

\-\/\/ Mu‘, 

Me . . t 

is jiroduced by oxidising (1, 3, ft) trimothyl- 
is readily obtained by boiling ^-p-xylylketoiio , anthracene with tho calculated quantity of 
under a reflux apparatus for ft hours (Elbs, /.c. , chromic acid in acetic acid solution, 

140). I It crystallises in yellow needles which melt 

Me Mo ' at 190°, are readily soluble m glacial acetic acid, 

w /\.^C0 ; difficultly soluble in alcohol. It sublimes readily 

I 1 I I 1 I ' and gives with zinc-dust and potash a deep red 

X/' \X solution. 

Me Me j Anthraquinone (1,3, ft) tricarboxylic acid 

Tho yield is about 20-25 p.c. of the theoretical. ' | COOH 

It crystallises in thin colourless plates, which j X' 


Mef X I 

I jMe I 


Tho yield is about 20-25 p.c. of the theoretical. 

It crystallises in thin colourless plates, which 
fluoresce bluish-green, melt at 227°, and sub- 
lime with great readiness, even at 100°. It 


^\/^0 



346 METHYL-ANTHRACENE. 


To prepaie this sulwlance 0’5 gram (1, 3, 6) 
irimethylantiiracenc is heated with 16 grams 
HNOg (sp.gr. 1‘1) in a sealed tube 10 hours to 
180®, then 10 hours to 2J0®-220“. The tri- 
carboxylic acid crystallises out m yellow plates 
It is seafcoly soluble in water, and very dif- 
ficultly soluble in other solvents ; it does iu»t 
melt when heated to 300”. 

The ammomum. sail is readily solubli' in 
water, and crystallises in llesli-coloured jd.ites. 

The hfirium mil is a (duirry-red eryslalline 
precipitate, very sparingly soluhh' in water. 

Tetramethylanthracene (Ansehiitz, Annalen, 
235, 174) Cj 4 Hg((Tlj )4 is formed in small 
quantity, together with lolueiu' ami iMirndhyl- 
benzene, by the action of aluminium ehlornlo on 
a mixture of acetylenetetiabromid(‘ and w- 
xylene; m.p. 280'. If o-xylene be usial m the 
place of la -xylene in tin' abovi; ri'aclion, a tetra- 
methylaiithracemi, which melts 'above 280”, is 
obtained ; in the case of />-\yhmc being ustal 
the teti‘am(!thylanthracene obtaiiieil melts at 
about 280". 

Since there are only two isomeric tetra- 
methylanthracenes denvalile from ///-xylene, 
namely 1 : 3 : (i : 8 and 2 : 4 : 0 : 8, and the 
former is chosen for l.hci quirionc desciibed b<‘lo\\, 
the Iiydrocarbon of Anschutz is probably 
2:4:0: 8 -tetramethylanthracene. 

1:3:0: 8-Tetramethylanthracene 

Me Me 

/\ ' \ 

N . 

Dewar and Jones (Chem. Soc. 'I’rans 1004, 
85, 212) obtained this hydnx'aibon by the 
action of nickel carbonyl on ///-xylene m ])iesence 
of aluminium chloride. 

The hydrocarbon is jmidicd by sucee.ssivc 
crystallisation from hot benzene and acetic acid. 
It forms beautiful Justroiis jilates, melts at 280”, 
is veiy pule yellow, and exhibits green fluores- 
cence. 

1:3:0: 8-Tetramethylanthraquinone is (di- 
tamed from the hydrocarbon in the usual 
manner, it crystallises in pale yellow pi isms of 
m.p. 228”-230‘ . 

2-Phenylanthraquinone (Scholl and Neovius, 
Her. 44, 1075). 

Jdithahc anhydride condense .s with dijihenyl 
in presence of aluniiniuni chloiide in carbon 
disulphide solution, and the pioduft is exclu- 
sively diphenyl -4- jihthaloybc acid. When 
heated with zinc chloride at 280”, 2-pheiiyl- 
anthraquincAic is obtained. Ilie product is 
purified by redHctioii with ulkuline hy])osulphitc, 
filtering the alkaline solution and oxidising liy a 
current of air. Tlie substance cry-stalliscs in 
yellow needles and melts at The 

quinone may also be obtained by reducing 
diphenyI-4-phthaloyhc utnd to the corre 
sponding diphenyl methane carboxyhc acid, and 
this with zinc chloride at 185° is changed to 
2 - phenyl - 0 - anthrono which, on oxidation 
with chromic acid, yields 2 ■ phenylanthra- 
quinone. 


9 : 10-Dibenzy!anthracene (Lippnmnu and 
Eritsch, Monatsh. 25, 793). 

CHjDh 



(!H,,]di 


'J'lii.s inteic.sting b\ di ocarhoii is prepared hy 
heating anthracene (100 grams), bcnzylchlonde 
(145 grams), and znie-dust (10 grams) with 
ea,rbon disulpliidc (I litre) on the water bath, 
and with continual jiassage of carbon choxide, 
until the (‘Volution of hydiogeii cliloiidc ceases, 
'j’lie Hiib.stanee forms hint' fluorescent lU'cdlcs, 
Lrystalhscs fiom acetic acid and melts at 241°. 
It has a peculiar odour nsembling caibyl- 
amiiie, 

Alonohioniodilx < /// 

t'linirii 

(41 4di 

This derivative is obtained by I be action ot 
biomine on dibenzylantlirac(me in carbon di- 
sulphide solution. The bromine is eari'iod into 
the liijuid mixed with (airboii dioxide. Tho 
])roduet crystallises frmn earhon disulphide oi 
benzeii(‘ in vellow' pii‘<mR, melting, when quickly 
lK‘at(‘(l, at 187”. 

Dm- and bi-molecular dibenzylidenedi- 
hydroanthracene 

t:ji -J’h 

ij 

II 

('ll- i*h 


PIK'JI 

, A, 

(■]!_ i‘h 

1 

^ 4 . e 1 1 4 


j 

jq.ril 

j 

(Jjl Ph 


U|iin[10lecular. Monobromodibcnzylanthia- 
cene is boiled in benzene solution with aqueous 
potassium acetate, » or the hroinide is heated 
with a small excess of acetic anhydride. The 
substance mc4ts at 234°-230'', and is soluble m 
wliloroform with blue fluore.scence. 

Bimolecular Monobromodibcnzyl- 

aiithracenc is boiled with quinoline in benzene 
solution for 20 hours. It forms yellow crystals 
of m.i). 184” ami is soluble in hot benzene or 
ebloroforiii woth red fluorescence. It is easily 
distinguished from the moriomoleeular com- 
pound in that rls solution in suli/huric acid is 
green. 

CllPh 

II 

Benzylidene anthrone 

(Haller and Padova, Domiit. rend. 141, 867) is 
closely related to the above benzal dihydro- 
anthracenes. It is obtained by the condensation 
of antliranol with bonzaldeliyde in pyridine 
solid ion containing piperidine. The yield is 
36 p.c. of that demanded by theory. The 
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Bubstance oryBtalliBC'S in yellow needles, and is 
readily soluble in chloroform, benzene, and 
acetone, sparingly so in ligroin. It melts at 
126“-127®. The (iorrt'sponding anisylidcnc and 
w-nitrobenzylidene derivatives melt at 141“ and 
UK)-’ respectively. Idie benzylidene anthronc 
is also easily obtained on passing hydrochloric 
acid into the acetic acid solution of henzifl 
oxanthranol. The latter is jirepared by the 
action of magncsiinn benzyl chloride on anthrn- 
quinone. It forms colourless ciystals from 
alcohol and melts at M(>". 

Ethylanthracene (Licbernuum, Annalen, 212, 
Et 


109) Cgll^^^ /^'eW 4 is formed by boiling elhyl 

hydranthranol with alcohol and hydrochloric or 
picric acid. 


“ *^cn, 


or C,,H,<.II,0. 


It crystallises from alcohol in large concentricallv 
grouped plates which molt at 60°-61“. The 
picrate melts at 120°. 

Ethylhydranthranol 


C,h.<0((WI>c,h. 

IS produced by heating aiithraquinonc (3 jiaits) 
with zinc-duHt (10 parts), caustic soda solution 
(10 p.c.), and ethyl bromide (2-4 parts), 

9 : 10 - Dimethyl - 9 ; 10 - dlhydroxydihydro- 


ClI, 


chloric acid. It crystallises from alcohol 
in fluorescent needles ; m.p. 67°. The picrate 
crystallises in long brown ish red needles. 

tsoButylhydranthranol 




C.H. 


is prepared by boiling 3 jiarts aiithraqumono 
with 10 parts of zinc-dust, 50 parts of caustic 
soda solution (10 p.c,), and 2’4 parts of iso- 
butyl bromidt'. Jt crystallises in needles, which 
melt at 7 1°-72°. 

iwAmylanthracene (Eiebeimaim, Lr.) 

•vcc'V.ii. 

\ ' 

IS prcjiared from i.voamylhydranthranol (?>, 
Lwhuitflanlhracfim). Long, colourless sea-green 
needl(‘s, m ji, 69°. Very soluble in benzene, 
CSj,,(dl(Ilj light petroleum, and hot alcohol; 
difliciiltly soluble in cold alcohol. The solutions 
fluoresce blue. The solution in sulphuric acid 
IS green ; on warming it becomes red, Cliromic 
acid oxidises it to » 60 Hmyloxai)thranol 


CJT u )(011 )\ , , , , 

* * ^00 

Chlor/.'.oamylanthracene 

^llii 

(Ul/ 


anthracene ((iuyot and 

CH, 

tSiaohling, Hull. yuc. chim. [iii.] 33, 1162). Thus 
substance is jirepared by the aiition of magnesium 
methyl iodide on anthraquinone. It crystalbsi^s 
from methyl alcohol m colourless prisms con- 
taining solvent of crystallisation Soine of this 
it loses on exjiosuro to the air, but the last 
molecule is not driven off unless the substance i 
is exposed %n va<u6 to a temjierature of 100°. I 
I’lie anhydrous compound melts at 18H' and I 
tbssolvcs in snljilniric acid with a green colour, i 
changing on standing to ^u'^iow. When treated 
with alcohols the coriesjxmdmg ethers are jiro- 
duced. Thus ethyl alcohol yields the diethyl 
ether of the anthracene derivative. • 

9 • Methyl - 9 - hydroxy - 10 - methenedihydro- 
ClI. 

^11, 

anthracene i** obtained 

I • 

CH, 

when the dihydroxy compound (v. supra) is 
boiled with acetic acid. It is a canary yellow 
crystalline powder melting at 223°, and sparingly 
soluble in organic solvents. It dissolves m 
sulphuric acid to a clear yellow solution. 

tsoButylanthracene (Liebermann, Annalen, 
C 4 H. 

212, 107) C,H 4 <(^C,H 4 is obtained by boil- 
ing an alcoholic solution of wobutyl hydran- 
thranol (CigHjjOH) with picric acid or hydro- 


is obtained by jia-ssiiig cliloniie into a solution of 
osoaniylanthiaeeiie 111 chloroform. Jt crysfnl- 
liscs from alcohol m jiale-yellow needles, which 
melt at 70°- 71°. I'he solutioiiH fluoresce blue. 
Tiie jiicratc crystallises ui red needles, which 
melt at 108°. 

Bromo^^oamylanthracene 


IS obtained by adding tin' calcnlfiled quantity of 
bromine to the solution of the hydrocarbon m 
20-30 jiarts of Orange-yellow needles, 

in p. 70 °. 'Fhe jiicratc eiystallises in orange- 
yellow nei'dlcs, i\hich melt at liO”. 
tsoAmylhydroanthranol 


Q PI ^C(0,Hji)-0H\ p j. 


{v. Isohulylhydranihranol). Needles, m.p. 73°- 
74°, Very readily soluble in alcohol ; insoluble 
in water. 

Tn 

Phenylanthracene is ob- 

tained by distilling p>hcnylai)throl (Baeyer, 
Annalen, 2 oS, 01 ) (J^oHislOJl) with zinc-dust; 
also, but in very small quantity, by distilling 

diphcnylphthalidc 0 , II 4 or tri- 

pheiiyhiK'thanc carboxylic acid with 

zinc-dust. It is also jiVoduced, together with 
anthracene and other hydrocarbons, by the 
action of aluminium chloride on a mixture of 
chloroform and benzene ( briedel and Crafts, Ann. 
Chim. Phys. [vi.] i, 495). It crystallises from 
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alcohol in plates which melt at 151"-153®, and 
boil at 417°. It is readily soluble in hot alcohol, 
ether, CSj, CHCI3, and benzene, the solutions 
possessing a blue lluorcscence. Oxidation with 
CrOg and acetic acid converts it into phenyl- 

oxanthranolCO<^®^*"^C(CeHj)OH. The pt- 

crate crystallises in red needles. Reduction with 
hydriodic acid converts it into a dihydride 
which melts at 120''- 120 -S'". 

Pbenylanthranol (Baeyer, Lr.) 

Ph 


ish-blue. It is readily oxidised by CrOj and 
acetic acid to methylphenyloxanthranol 

H0-C(C,H5). 

CH.aH.C” 

^CO 

Methylphenylanthranol 

Ph 








on 

is formed by dissolving tnphenylmethanc eaib- 
oxylie acid ((' 0115)^011 •('„H^-OOOH in 3 parts 
of sulphune acid and jxiuung.thc mass into 
v atcr. The precipitate is e.olleeted, Avashed with 
dilute sodium carbonate, and reerystalhsed from 
alcohol. '\"eIlow needles, Avhich melt at 141"- 
144", Avith slight decomposition. It dissolves 
rcarbJy m ether, forming a yellowish solution, 
which possesses a greenish -yellow' fluorescence. 
It dissolves also in liot alcohol, petroleum spirit, 
and aeotoni'. Oxidation with CrOj coiiA'^erts it 
into iiheriyloxanth ran ol 

The acetate crystallises from alco- 

hol in yellow necdlc.s which melt at 166"- Ibb". 

Dichlorophenylanthranol 

0011,01 

on 

is formed by boiling phenolphthahdom chloride 

jH^CI with zinc-dust 

and acetic acid It crystallises Iroin alcohol 111 
needles, Avhich molt at 170". It is very sparingly 
soluble in alcohol, moderately soluble in acetone 
and ether, readily soluble in benzene or OSo- 
forming bluish-green fluoreseent .solutions. 
Phenyloxanthranolchloride 


MeOeH,/ 

OH 

is similaily prepared by heating methyltriphenyl- 
! methane caiboxylic acid 
j (O0H0),OH-OeH3(OH,)OOOlI 

I w jlh suljihui le aeid to 100". Jt crystallises from 
‘ alcohol 111 glitteiing plates which on heating 
become brown at 130 , and melt at J66"~167°. 
l(. 18 reachly soluble 111 ether, boiling alcohol, 
' and glacial acetic aciii. 

I Methyl-p tolylanthracene 

i yH: 

(Lmijiriehi, Aniialen, 209, 291) i.s obtained by 
; the di.stillation of methyl-p-tolyloxantbranol 
1 AA'ith zinc-dust in a stream of hydrogen. Jt 
1 forms yellow needles of ra ji. 191". On oxida- 
I tion Avith chroiinc acid m fiec'tio acid solution, 

' it yields mcthyl-p-tolyloxantliranol. 

' Methyl-p-tblylantliraDol 

(Mi, 

McC'bHt ^ 

! dll 

Thi.s substance is easily jiroduced by tlissolving 
[ di-p-tolylj)henyl methane o-carboxylio acid in 
i concentrated sul])hnije acid. On pouring the 
' solution into Avater, small yellow' crystals, melting 
I at 117", separate. The compound is easily 
' changed to 

! Methyl-p-tolyloxanthranol 


C,H, 


C,H. 


Cl 




(Haller and Guyot, Bull. Soc. ehim. 1897, [lii 1 
17, 873) IS obtained by Avarming diplienyl- 
phthabde Avith phosphorus pentachloride. it 
crystallises from benzene in large, colourless, 
transparent prisms, melting at 104". Water 
changes it to phenyloxanthranol, whilst Avith 
methyl alcohol it yields phenyloxanthranol 
methyl ether. 

Methylphenylanthracene (Hemihan, Ber. Hi, 
Ph 

2307) MoC- 0H3<^^C,H4 is formed by the 

distillation of methylphenylanthranol AA'ith ziic- 
dust (t). infra), it crystallises from alcohol 
ill yellow crystalline masses (melting-point not 
given). The alcoholic solution fluoresces green- 


I by oxidation with chromic acid. This derivative 
crystalhses from toluene in colourless needles, 

, lUelting at 20(i". 

9 : 10 - Diphenyl ■ 9 ; 10 : dihydroxydihydro- 

Ph 

j anthracene (Haller and 

; Ph 

I Guyot, Clompt. rend. 138, 327). This compound 
i is produced in 10 p.e. yield by the action of 
! magnesium phenyl bromide on anthraquinone. 

! It crystallises from methyl alcohol in colourless 
no(>dics, containing solvent of crystallisation. 
This IS lost on exposure to air, the crystals 
falling to a Avlute powder, melting at 247°. The 
solution in sulphuric acid is indigo-blue, changing 
I to orange -yellow on heating. The colourless 
; solution in glacial acetic acid exhibits blue 
1 fluorescence. 
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2-Methyl-9 : 10-dlphenylanthracene 

Ph 

MeC.H,<^C.H, 

Ml 

(Guyot and Staehling, Hull. Soc. chiin. [iii.] 
33, 1104). When phenyl magnesium bromide 
acts on 2-iiieUiylanlhraquinone the product 
varies according to the conditions (employed. 
If the organo-inetallui derivative is slowly 
added to a benzene solution of the quinone. 
then Hemilian’s 2-m(dhyl-0-phenyloxanthranol 
[v. ftupra) is the main product. On boiling 
the quinone with a solution of magnesium 
phenyl bromide for many hours, then 2-methyl- 
9 : 10-diphenyl - !) ; 10 - dihydroxydihydroan- 
thracone is produced. This crystallises in cubes 
and melts at 240°. On tri'atnient with zinc- 
dust in acetic acid solution it is reduced to 
2-methyl-9 : 10-diphenylanthracone. 

The latter crystallises from bmizene and 
alcohol in yellow-green diehroic plates, melting 
at 213’, and soluble in organic solvents with 
intense violet-blue fluorescence', (diromic acid 
changes it to 2-nn'thyl-9 : lO-dijihi'iiyl-O : 19- 
dihydi'oxyddiydroanthraeen<‘ 

^ 10^7 (“') 

Di-a -naphthylanthracene GaH/ 

<\oH7(a) 

(Guyot and fStai'hling. / c ) is ])i('t)arc<l similarly 
to the above dijihenyl deiivative. a*Naphtliyl 
magnesium bromide and aiithraquinotu' yield 
9 : lO-di - a - naphthyl - 9 : IO-dihy<lroxydihydio- 
anthraceiie, which forms colourless crystals 
from toluene, and contain 1 molecule of toliieno 
of crystallisation. It dissolvo.s in sulphuric 
acid with a malaelute-greeii colour. I)i-a- 

miphthylanthracene is obtained from this 
di-ol by reduction with zinc and acetic acid. 
It forms yellow crystals, soluble m benzi'iie, 
and e.xhibiting a most intense vioh't fluorescence 
Ph. 

Dlph^nylanthrone (Hah 

ler and Guyot, Bull. Soe. clmn, 1897, |iii.] 17,H73g 
This compound is obtained by the actirm of 
aluminium chloride on a benzene solution of 
phthalyltotrachlonde. The latter may be ri'- 
plucod by aiithraqiiinone chloride or phenyl- 
oxanthranol chloride, which aie probably inter- 
mediate products of i.ho reaction. The substance 
crystallises from acetic acid in colourless need! *s, 
or from benzene in large transparent jirisms, 
melting at 192°. Although undoubtedly a 
ketone, it does not react with phenylliydrazine. 
It forms a molecular compound with nitro- 
benzene. 

2' : 4' (or 3'5') Dlhydroxjfc- 9:9- diphenyl- 
PhC.H3(0H), 

anthrone C,H4<^^^^CeH4 (Liebermann and 
Lindonbaum). Phenyl oxanthranol chloride {v 
supra) furnishes this substance when it is treated 
with resorcinol in boiling benzene solution. Other 
phenols react similarly. The resorcinol derivative 
crystallises from alcohol in the form of colourless 
needles, which, when heated, lose solvent at 
126°, and then melt at 269°-261°. The solution 
in concentrated sulphuric acid is yellow. On 
boiUug with acetic anhydride and sodium acetate 


a diacctate is produced, and tins compound crys- 
tallises from alcohol in plates and melts at 191°. 

Scharwin’and Kusnezof (Ber. 30, 2020) have 
condensed anthraquinone with phenols and with 
resorcinol, using for the former condensation, tin 
tetrachloride, and for the latter, zinc chloride. 
The substances produced are bydioxV deriva- 
tives of diphenylauthruiio. 


P - Dimethoxydiphenylanlhrone 

MeOH^C, CflH^OMe 




(HchaiAidn, Naumof and ISaiidunri). 

Anthraiiiimone chloride eondensi's with ani- 
sole to form this .substance, when the solution of 
the mixture in carbon disul])hide is treated with 
ahimimum ehloride. It erystalliso.s from alcohol 
m yollow^ rlKMiiboliedra of m.p. 208°. It is 
.soluble in the u.sual organic solv^onts, and in 
aulphiinc acid with rod-violet colour. On 
hydrolysis with alunimiiini clilonde it yields 
pheiiolanthraquinone ideiitieal uit h Hie pioduet 
obtained by Scharwin and Kusnezof {l.c.) from 
anthraquinone and jihenol. 

9 : 10 ; 10 - Triphenyl ,- 9 - hydroxydihydro- 


OH 

/C . Ph 

anthracene CgIl4^^^CgH4 (Haller and 
Ph. 


Guyot, Compt. rend. 130, 9). Tliis substance 
can be obtained by dropiniig a benzene solution 
of dijihenyianthrone {v. supra) into an ethereal 
solution of magnesium -phenyl bromide. After 
the addition of w'ater, and acidilication, the 
solvent is evaporated, when the carbinol crystal- 
lises in cnlourless voluminous needles, which 
contain 1 molecule of ether of crystallisation, 
j 'J’his 18 removed at 120°, and the substance 
then melts at 200°. Jt dissolves in sulphuric acid 
with orange- red colour. 

The methyl other is obtained by adding methyl 
I alcohol containing hydrochloric acid to the 
I boiling toluene solution of the carbinol. The 
colourless leaflets melt at 218°. Tlie correspond- 
ing ethyl ether melts at 250°. 
Trlphenyldlhydroanthracene 
Pli 


c.H./yV.n. 


Phj 

is prepared — 

(а) By boiling the above carbinol or its 
ethers with zinc-dust and acetic acid. 

(б) Methyltriphenylmethane-o-carboxylate 

Ph 


A-ch- 


-Ph 


reacts with magnesium-phenyl bromide, yielding 
Ph 


the tertiary alcohol and ^*^^4^^003 
Ph. 

This crystallises from methyl alcohol as its 
mithyl ether, m.p. 216°. The orange-red 
solution of this methoxyl compound in sulphuric 
acid quickly becomes colourless, and on duution 
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triphenyldihydroahthraceiie is precipitated. This 
last cl^ange is still better ellected by tlie agency 
of hydrochloric acid in glacial acetic acid solution. 

Triphcnyldihydruantliracene forms colourless 
crystals from a mixture of benzene and alcohol, 
and melts at 220 Its solution in sulphuric acid 
is colourhss. 

Methylbenzanthrone. 


/ 

I 


I I 


Me 


(K) 


^-Methylanthraiiol disMolve<] jii sulphuric acid 
(02® Be) 13 heated with glyei'rol at 145" 150" 
(1). It. P. 200255). 'J'his liomologue of benzan- 
thronc dis.solves in concentrated Huljdiuiic acid 
to a red-brown solution wliicli (yxhibits orange 
tluoresei'iiee. It crystallise.s from alcohol in 
yellow iK'cdli'H v\lncli imdt at JOO". On lieating 
with conci'utratcd alcoholic }>otaHaium liydroxide 
at 100 ' it yields a vat dyest iilT giving lilac shades 
(I). n. B'. IS8102). With sulphur at 240° it 
reacts with ])rodu( tion ot a hlinsh-gKaui vat- 
dyestuff (1). R. i\ 200:551). 

2: 2'-Dimethyl I : l-Dianthraquinonyb 

- \ 


This is an elegant example of the synthesis of a 
I complex substance by two entirely different 
1 methods and is a strilung instance of the value 
' of structural formula;. Halogenatod pyran- 
threnes give redder shades, and a number 
I of these arc known and obtained by direct 
' halogenation, oi, more usually, from haloge- 
I nated dimethyldianthraquinonyls. It should 
I bo noted that Auranthrone, a vat-dyestuff 
obtained from 2-incihylanthraquinone by heat- 
1 mg w'lth alcoholic jiotassium hydroxide is 
I possibly dianthraquinonylethylene. 

I METHYLANTirilACKKK DERIVATIVES OCCURRING 
' IN Nature. 

I Chrysophanic acid {iltrysopha >i , Chrysophavol ) 


OH 


Oil 




I 


'Me 




1 I 

This important inti'iinodiab* was liist obtained 
by (Scholl and Manslii-ld (Bcr. 1907, 4(h KiDl) 
in the course of their woik on the constitution 
of llavanthrene, jiyranthrcne, and other eomjdex 
[loly nuclear vat-dyestuffs. Jt is jirejiared from 
1 •iodo-2-methylanthra(pnnon(‘ by tlu; ai-tion of 
co])])er ])owaler (c/. also 1). R. P. 180157). 
Another method (I). R. P. 184495, 215000) 
consists in treating the diazonium sulphate 
from J-amino- 2 - methylaiithraquiiiom* with 
copper powder in acetic anhydride solution or 
with cuprous chloride m aqueous solution. 
Pondenaation by heating or m various other 
ways jiroduces jiyranthrone (Indanthrene (lold- 
Orange (r) (wc Vat-I)\ES) in regard to which 
it may be mentioned here that, its constitution 
IS fiirtlu'r proved by the synthesis from di benzoyl- 
pyrene by heating with aluminium chloridt' to 
100 " 

(X) CO 

/X^' V \ 


\/VX/Vh,. 



CO /jv 


\/\/ /\ 
t 1 I ' 

\/^co/\/ 


1 Orniirc'ticc — lii vaiioiis species of liclicns, 

] par let Ilia (Ach ), Licavoia {Placodivni) 

\fleijaiis (Ach.), Can-iia s'pecwm (ydirad.), Pham- 
\ 'HUS fraiu/nla (1j.), Phamrivs P'lushiana (D.(\), 
1 (as glucosidc), in the loot, of Piimer, ohi iisifolins 
(li ), in senna leaves, and in OJnnese rhubaih. 
From this latter source a flcliiute glucosidc 
' ehryso])hanein lias been isolated by 

Gilson (Arch, internat. di' Fharmako-dynamie et 
dc Therapie, 1905, vol. 14, 487). 

Preparation . — Ohrysophanic acid is usually 
I obtained by the oxidation of chrysarobin ('c. 

I iiijia) (Liebermann, (Senllei, Annalen, 212, 30), 
I which is mixed W'lth dilute potassium hydroxide 
solution and a current of air jiasspcl until the 
lujuid has acquired a di^c]» reddish colour. 
Th(> quinone is ])reci])itatcd into IKJl and 
('.\tracted with ligroin (b.]». 50 ‘-(>0°). On 

evajioration of the solvent, a yellow residue is 
obtained which can Ix' eiystalhscd from alcohol. 
Pischer and Gross (J. pr. Oh. 1911, |ii.] 84, 370) 
giv(^ diitails of the prejiaration of chrysophanic 
aeid by oxidation of chrysarobin by chromic 
acid m glacial acetic acid solution. The 
meltii\g-i)ointa found for chrysophanic acid 
by various authors range from 154° to 190", 
and this has been shown to be due to the fact 
that the substance commonly contains an 
admixture of its methyl cthi'r. Rejicated 
crystallisation leads to a product containing 
oitly 0-3() p.c. raethoxyl, and this molts at 188". 
Oesterle (Arch. Pharm. 243, 434) obtained a 
methoxyl free chrysojihanol by treatment with 
anhydrous aluminium chloride in benzene 
solution. After crystallisation from ligroin, 
alcohol, and benzene, the pure chrysophanol 
melted at 196". ^ This melting-point was also 
found by Gilson (/.c.) for the hydrolysis product 
of the pure glucosidc chrysophanein. The 
analysis of the pure substance agreed excellently 
With the formula C,jHio 04 . As ordinarily 
obtained chrysophanol crj^stallises in orange 
needles, which sublime, partiaUy with decom- 
position, in the same form. The methoxyl free 
siibstanoe consists of shining brown-yellow 
leaflets, when crystallised from benzene. It 
is almost insoluble in water, but soluble in ether, 
benzene, and glacial acetic acid. It is difficultly 
soluble in ammonia and alkaline carbonates, 
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but readily fit) in potassium hydroxide, forming a 
deep-red solution. Distilled with zine-dust 
chrysophanie acid yields nudhylanthracene 
(Liebermatm, Annaleii, ISIl, 169). 

The absorption s])ectrum of a sMutiori of 
ehryHO])hanie acid (Lieberinann and Kostaneeki, 
Ber. 10, 2330) in sulpliurie acid, which re.sembles 
very closely that of clnysazin, is shown in 



Fia. 4. 


Since chrysophanic acid diiicetati' is con veiled 
by oxidation, with ehronne acnl in acetic acul 
and acetic aiihydiido solution, into diact'lvl 
rhein, the positions of the gionps are evidmitly 
identical in t.hti two substances. 

Derivatives of chrysophanic acid. Tiim- 
nilrochrji‘inph((inc (tad (LicIkm nuinn and (Ot'.sel, 
AniialfMi, 183, 175) is obtained when ehrysojihanie 
acid IS warmed with eonci'iit rated nilru acid. * 
It occurs in yt'llow iincio leaflets, whu-h decom- 
pose on lieatiny The siibstaueo is ((uite 
insolubh^ 111 Avater, soluble in acetic at id, aiul 
behaves as a strong acid. It lestunhlt's chrysam- 
niK! acid. 

Amino derivatives. A m < h'tjsopha n u- 

((I'ld Jjudicniiann anti Dit'sel, I ( ,) was obtained 
by heating chryso[)banic acid witli concentrattsl 
ainiiiunia at 200", or by halving the acid with 
strong ammonia foi a long time at the ordinaiy 
teniporalures (Hesse, Annalen. 300. 32). Jt is 
a cluTi'y-red jiowder foiining easily .soluble 
pni’ple-violct salts with alkalis It is sjiaiingly 
soluble in ether, comparatively readily so m ; 
alcohol. In this ct)in(ioiind, eitlitw ont‘ <d the ' 
hydroxy gioujis of the ebrysophanic aenl is 
lejilaeed by ainino, or one of the carbonyl 
oxygens by iinino. 

Diammo-de-din.) p-t linisop/iintK m id (Lieber- 
mann and Oiesel, (j.) is obtained wlien ehryso- 
phanie acid is luaitetl at 150 ’ wutli a small tpiaii- 
tity of aqiK'ous ammonia Since this snbslaiut! 
IS soluble in alkalis it may prtibahly be ‘niort* 
eoiToctly tlosigiiated as diiminoelu xsopbame 
acitl. On boding with acclic anhydride it 
yiehls acetylehi'vso[jluinu- acid inn<le (so called) 
having ilu! composition < 'j^ll^lt ' Jl ,0)NO» 
This substance crystalliK<'s troni ebloroloini in 
violet needle.s, having a metallic rt'llex. 

MoHoace(ylchrysoph(i7i ic nr aft 11 H 3O )t 
(Hesse, lx.) is obtained by the action of acetic 
anhy^lride on chrysophanic acid, it is dissolved 
by gently warming and then allowed to remain 
48 hours. Jt erystalhses front acetic acid in 
yellow needlee of m.p. 152°. 

Diacetylchrysophanic and DijHg(0^,Hj0)MO4 
(Liehermann, l.c.) is the pioduct when chryso- 
phanic acid is boiled with sodium acetate and 
acetic anhydride. Oestcrle {lx.) gives the 
melting-point of the pure substance as 208°. 
It crystallises in light yellow leaflets, and can 
be oxidised by chromic acid to diacetyl rhein 
(Fischer, Falco and Gross, J. per Chem. 1911, 
[ii.] 83, 208). 

Dihenzoylchr7jsophanic acid Dj 5 H 8 (C 7 Hj 0 )j 04 
(Warren de la Rue and Miiller, J. 1862, 323) 


obtained by the Scliotton-Baumann reaction, 
crystalli.ses in pale yellow needles, melting at 
200°- 208° (Tutin and Clewer, C'hem. 80c. Trans. 
99, 956). 

Chry.'ioplumic acid monoinethyl ether 

GiJl30,(0H)(0CHD . 

(Oesteile, / c.) 18 the mam product w'hen chryso- 
phanic acid 18 methylated by means of methyl 
suljiliate and potassium hydroxide. After a 
process of purificalion, it can be crystallised 
troni alcohol. It forms clear orange needles 
wdiieh indt at 204°. Its acetyl derivative 
consists of lemon-yi'llow needles Avben crystal* 
lised from ah'olntl, in.)). 204". 

Chrysapfiamc aeid dnnethyl ether 

t!j,lV),(0(dl3), 

IS also |)rodiioed A\'hen thi' aeid is tn-ated with 
a l.iige ex<‘<‘M,s*of methyl suli)hate and alkali. 
It ei \ siallist.'s in orange needles, m.j). 195°, 
eitliiw from acetic aeid or aqueous alcohol. It 
dissolves with I'l'd eoloiii in eoiicoiitraicd sul- 
phuric ;icid 

Chrysophaneln (Gilson, lx.) is as already 
nicnlioncd the glucosidc of chrysojilianie acid. H 
crystalli.scs in iicimIIch fio^u 92 p.c. alcohol and 
iiu'hs at 242 -2 19°. Jt is tasteless, and this in 
ci injunction with its other jiioperties renders 
the iormulatioii ol baibaloin as a glueoside of 
abxMiiodm and arabinose open to ciilicism. 

Chrysophanhydranthrone Since 

clirysarobm (see beloAv) gave ehrysophanic acid 
on oxidation, attem])ts wxie made to realise 
the n'verse jiroccss. Liebermatm (Bor. 21, 
43()) n'diiced chryso|)})anic acid with tin and 
liydroehJoiic and acetic acids, and obtained a 
<’um|)oimd whieli crystallised fiom benzene in 
yellow lealh'ts and melted at I9()°. It was not 
clirysarobm and was termed chrysojilianhydran- 
throne. lle.ssc (Annalen, 284, ]<'4) obtained the 
same Hub.stancc by beating ebrysojihanio acid 
with hydriodic acid. doAi ctt and Potter (Chem. 
Soi 'I’taiiH. 1902, 1584) oliiained m this reaction 
clirysarobm ; but Hesse obtained ehrysophan- 
hyiiiantlp'oiu' by licating clirysarobm with 
concenti titl'd bydrochlont! or hydriodic acid. 
The nicitmg-jioint of the jiuri' bydranthrone is 
2(»5"-2IU°. On distillatiou with zine-dust j3- 
inclliylanibiaconc is obtained. Jt yields a 
diacctyl derivative wlncli crystallist's from acetic 
acul 111 needles of m.p. 238'’-240 . • 

Chrysarobin (?). This derivative 

ol cbrysojiluinic acid is a riunedy mdis])en8able 
to the dermatologist, and was flrst obtained 
from Goa powder by Attfield (J'barm. J. 6, 
721) by extraction with chloroform. Lieber- 
mann and 8eidler (Annalen, 212, 34) prepared 
' the compound in a pure condition. The so- 
called Goa powder sejiarates out in the pith 
hollows of certain trees belonging fo the genus 
AruUra in Biazil and India. It is extracted 
j with benzene, the solution evaporated, and the 
residue rejieatcdly crystallised from glacial 
; acetic acid. Small ycliow needles, m.p. 170°- 
, 178°. Insoluble m water and ammonia, dififi- 
1 cultly soluble m alcohol and ether, more readily 
j soluble in benzene, glacial acetic acid, and 
I chlm:oform. Insoluble in very dilute potassium 
! hyilroxide, but soluble with a dark green fluores- 
cence in strong solutions. This solution is 
readily oxidised by the oxygen of the air, 



352 


METHYL-ANTHRACKNE. 


yielding chryHophanic acid. Distilled with 
zinc-dust, chrysarobin yields methyl anthracene. 
Chrysarobin has no dyeing properties. It may 
be the anthranol of chrysophanic acid, although 
a double molecular formula has b(‘en ascribed 
to it by several authors. 

The {fcotyl derivatives of chrysarobin and of 
the diclirysarobin obtained by heating the 
solution in acotio aiad have been carefully 
investigated by Hesse (Annalen, 301), (M)). 

MonoMeiyl dern^abi'c is obtained by 3 4 
hours’ boiling with acetic anfiydride The yellow 
leaflets obtained on orystallisation from acetic 
acid melt at 188'^-Ib0°. 

Diacetyl derivative is jiroduced when chrysa- 
robin is boiled (i hours with acetic anhydride. 
It crystallises in rhombic prisms, m.p. 211)® ; the 
solutions fluoresce blue. A fi-diaoetate of 
m.p. 2br)®-270® has also been isolated. 

Tnacetyl chrysarohm can ke ])repared by 
heating either chrysarobin or chrysophan- 
hydranthrone with acetic anhydride and sodium 
acetate for 1 hour. Jt crystallises in ])risniH, 
m.p. 234®. 

Ilexancetyl, dichrymrohin is ])roduced by 
boiling chrysarobin with sodium acetate and 
acetic anhydride for /nany houis. It is amor- 
phous, and melts at 1 25 ". 

Aloemodin 


HO CO OH 



obtained by the Schotten-Baumann reaction. 
It crystallises well from ethyl acetate as greenish • 
yellow micro leaflets, m.p. 235®. 
Tctrrmitroaloernodi n 


OH OH 



is the so-called aloetie acid, which is obtained 
together with chrysamraic acid, by the action 
of nitric acid on barbaloin. The substance was 
lir.^t obtained by Scheele, who termed it aloe 
bitter, and subsequently by a number of 
chemists, but it was first isolated in the yuiro 
condition by Mulder (Annalen, 1849, 72, 280). 
Oesterlc proved that the subrtanee is tetranitro- 
alocmodin since he ajipbed to it the jirocess by 
winch Liebermaim and Oiesel (Annalen, 183, 
184) converted chrysamniic acid into chrysazin, 
and obtained aloemodin. 

Ahx'tic acid is a yellow crystalline powder 
which becomes red on standing in tlie air. It 
is fairly solubles in w^ater to an intense red 
solution It is also soluble in ether, chloro- 
form, alcohol, benzene, and ethyl acetate. 
Leg(‘r (Compt. rend. 1911, 153, 114) finds that 
on further oxidation wuth nitric acid, aloetic 
acid yields chrysainmic acid and 2;4;0tn- 
nitrometahydroxy benzoic acid. 

Hydroaioetic acid 


CO 

Aloemodin occurs (Lcgcr, Bull. 8oc. chim. 
fiii.l 23, 786) together with barbaloin and i.so- 
barbaloin in Barbados aloes, and in smaller 
quantities m all other varieties of aloe. 

It may be jircparcd best by the action of 
alcoholic hydrochloric acid on barbaloin (Ocsterle, 
Arch. Pharm. 237, 099). The dried reaction 
product is extract'd with hot toluene, the 
solution treated with animal charcoal and 
concentrated ; wdien on cooling orange-yellow' 
needles separate. The substance is purified by 
many recrystallisations from toluene and from 
acetic acid. After sublimation the pure aloe- 
raodin melts at 224®, Leger, and Jowott and 
Potter have obtained aloemodin by the oxida- 
tion of barbaloin with sodium peroxide. Tetra- 
chloraloenvodin and tetrabromaloemodin are 
produced by the oxidation of tctrachlor- and 
totrabrombarbaloins with the same leagent. 

AVhen heated w ith a little sulphuric acid and 
subsequently treated with dilute ammonia 
solution, aloemodin gives a violet colour ; 
frangula emodin under the same conditions gives 
a cherry-red. Aloemodin when oxidised w'lth 
chromic acid in acetic acid solution yields 
rhein CjjHiO,. This is a carboxylic acid, so 
that aloemodin CjsHjoOj must be recogmsed 
as the corresponding primary alcohol, and 
further as hydroxychrysophanic acid. 

Diaceiylaloem^in Cj^HgOACOGHj), is ob- 
tained by boiling aloemohn with acetic anhydride 
and sodium acetate for an hour. It crystallises 
from acetic acid in small yellow needles, m.p. 
177°-178®. Although aloemodin yields a di- 
ooetate, tetrachloraloemodin has three hydr&xyl 
groins which can be aoetylated. - 

Trihenzoyl aloemoin Cj 5 H, 05 (C 0 Ph )3 is 


OH CO OH 


NH, 


\/\/X/ 

NH„ O 


iNH^ 

CHaOH 


j CO NHa 

I The reduction of aloetic acid (Oesterlc, Schweizer 
i Wochenschr. f. Ch. u. Ph. 1909, No. 31) is 
i accomplished by an aqueous solution of jiotas- 
' sium hydrogen sulphide. ITydroaloetie acul is a 
' bhio-black amor])hous substance very sparingly 
.soluble in most solvents. The solution of the 
' substance in concentrated Huljihuric acid was 
j treated wuth nitrous fumes and then boiled with 
i an excess of alcohol. It w'as found possible to 
i i.solate aloemodin by acetylating the product, 

' purifying the fhacetate and hydrolysing with 
alcohobo potash. The aloemodin obtained melted 
' at 223®. 

Frangula emodin (emodin) 

I ^'14^.t(^HT)(Cn)30.2 

(position of OH groups uiiknow'ii, but probably 
I the same as those in flavopurpurine). 
i Occurrence . — In rhubarb root, the bark of the 

alder tree, in Rfuimnus Purshiana (D.C.) (cascara 
: sagrada) and RkamnuH cathartica (Linn.). 

Preparation . — ^Alder bark is extracted with 
' dilute sodium hydroxide, the solution precipitated 
with HCl, and the precipitate purified by re- 
' peated recrystalbsation from absolute alcohol. 

Orange-rod, silky needles, m.p. 246°-260® 

! (Liebcrmann, Annalen, 183, 161). 

I Moderately soluble in benzene, more readily 
I 80 in alcohol and acetic acid ; soluble in dilute 
ammonia, forming a cherry-red solution. Does 
[ not dye mordanted cloth. Distilled over zinc- 
i dust j8-methylanthracene results. The absorp- 
: tion spectrum of a solution in concentrated 
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sulphuric acid is shown in Fig. 5 (Liebermann { 
and Kostanecki, Bor. 19, 2330) ; j 



Fro. 5. 


and closely resemhlos that of flavopurjujiin 

The triacetate (Liebermann, Li\) 

crystallises from acietio acid in yelloAv ne(‘dlos. 
m.p. 190°. 

Trihenzoatc. Tutin and ('lower (Chein. 
Soc. Trans. 99, 954) obtained tliis deiivativc by 
applying the Schotten -Baumann reaction to 
emodin. it crystallises from glacial acetic acid 
in small pale yellow needles, and melts at 180°. 

Dibcnzoyl emodin, ni.j). 225°, has also been 
described, but there ap])ears to bo some un- 
certainty as to its oxistenec. 

Emodinmonomethyl ether 

was found by Perkin and Hummel in Veniilaqo 
maderasjtainna ((Jhein. Soe. Trans. (55, 940), by 
Tutin and Clewer in rhul)aib root and in Itumex 
Kcklonianus (Meissn. ),w}iilst Oesterh} and Johann 
(Arch. Pharrii. 1910, 248, 47(5) show that it is the 
methylated compound usually associated Avith 
chrysophanic acid. 

Jowett and I’ottcr (Chem. 8oc. Trans. 1903, 
77, 1330) obtained the substanee by heating 
the potassium salt of emodin with methyl , 
iodide, ft crystallises from benzene in long, | 
orange-red needles, m.p. 200°. It is sparingly i 
soluble in alcohol or acetone. A nitro deriva- 
tive melts at 217°, and a tetranitro derivative | 
at 275° AAuth decomposition. The former is j 
obtained by using nitric acid of sji gr. 1 '42, the 
latter when nitric acid (sfi.gr. 1 '54) is employed. 

Its diacetate crystallises in golden needles, 
m.p. 185°, and the di benzoate prepared by the 
Schotten -Baumann method melts at 228°. I 

Emodin trimethyl ether has been Iireparedby j 
rnethyiation of emodin with dimethyl suluhate 
and aqueous potassium hydroxidi'. it crystal- ' 
lises in yellow noedles melting at 225° (Oesteiie 1 
and Tisza, Arehiv. d. Pharm. 1908, 24G, 112). ; 

Frangulin. This emodin derivative, was lirst ' 
ohtaine(i in a pure condition by Casselmann : 
(Annalen, 104, 77), although Binswangcr (Re- 
port, Pharm. 104, 151) had previously obtained 
it in a crude state from the bark of Rhamnus 
frangula (Linn.). It crystallises from alcohol 
in lemon-yellow, silky noodles, melting at 22(5°. 
Acids hyclrolyse it with formation of emodin and 
rhamnoso so that tlie body is rhamnoside of 
emodin. Its precise composition is at present 
uncertain. Polygonin is another glucoside of 
emodin, although the nature of the sugar is 
unknown. It was extracted by A. G. Perkin 
from Polygonum cusjndaivm (Sieb, ct Luce), 
(Chem. Soo. Trans. 67, 1084). It crystallises in 
slender, orange-yellow needles, m.p. 202°-203°. 

OH OH 



Rhein occurs in rhubarb, from which it was first 
isolated by Hesse (Annalen, 1899, 309, 43). He 
gave it the fonnula and considered it 

a tetrahydroxymethylantbraiiuinonc. Tschirch 
and Heuborger (Arelli. Pharm. 1902, 240, 611), 
however, made analyses fiom Avhieli they eun- 
cluded that rhein is and since only a 

diacetate could bo prepaicd, they assigned to 
the substanee the constitution of a nuJliylciic 
ether of a (H'trabydvoxyaiitbiaquinonc. In 
su])]iuit of this view it was also urged that 
on distillation wllli ziiie-dust rhein yields 
anthracene. Oesteiie ami Tisza (Schweiz. Woch. 
(’hem. Pharm. 1908, 4(5. 701) carefully purified 
rhein, by crystallisation from jiyriiliiie, and 
aiihlimation in cal bode ray vacuum, and support 
the empirical formula of Tschirch and Heiilierger. 
RIiciu is best prepared by the oxidation of 
harlmloin or the acetyl denvativc of barbaloin. 
Oesteiie (ScIiwcm/. Woch. f. Cbcm. Pharm. 1903, 
50) obtained a .small yield by oxidising barbaloin • 
with chromic acid in aqueous solution, but when 
totraaectylbaibaloin is oxidised with chromic 
acid in acidic anhydride solution, a 50 p.c. of 
diaectylrhcin is easily obtained, and rhein is 
thus shown to be a dihydroxyanthraquinone 
eaiboxylic acid (llohinson and Siinonsen, Chom. 
Soe. Trans. 95, 1085). Rhein crystallises from 
jiyridine m eonihination with a molecule of the 
solvent 111 glistening orange needles, Those fall 
to a iiowder at 130°. and the pure rhein then 
melts at 318° (Tutin and CJewor, lx.), Oesterle’s 
purest rhein melted at 321°-321 ‘5°. It is spar- 
ingly soluble in organic solvents, but dissolves 
readily in sodium carbonate solution. It dyes 
both mordanted and un mordanted wool clear 
yellow shades. 

J)iac( l(tte. Various melting-points have been 
assigned to this substance ranging from 236° to 
258°. The latter value is probably correct, and 
was obtained by Tutin and ('lewer (he.), who 
])repared this di^nvative by heating rhein with 
a large excess of acetic anhydride and a little 
camjihor sulplionic acid. After eoncontration 
the compound separates in rosettes of pale 
yellow needles, in.]). 258°, It is soluble in 
sodium carbonate solution, and on hydrolysis 
with aliiohol and sulphuric acid yields the ester 
of rhein. 

Dihcnzoyl rhein (Tutin and Clewer, lx.) 
obtained liy the Schotten-Baumann reaction, 
crystallises from acetic acid hi yelj^w brown 
prisms, m.p. 262°. 

Rhein methyl ester Ci4H,02‘(0H2)'C02Me 
(Robinson and Simonsen, l.c.) forms deep 
orange needles by crystallisation from methyl 
I alcohol, and melts at 174°. It is insoluble in 
! sodium carbonate solution. 

1 Rhein ethyl ester is 

j obtained by csterifying either rhein or diaeetyl 
rhein with alcohol and sulphuric acid. Orange 
I needles from alcohol, m.p. 159°. It yields a 
diacetate, melting at 170°, which is quite in- 
1 soluble in cold aqueous potash. 

Dimethylrhein Gi4Hj02(0Me)3C00H (Robin- 
i son and Simonsen, l.c.) is prepared by treating an 
I alkaline solution of rhein with methyl sulphate 
I in the cold. The substance was isolated by 
! means of its sparingly soluble potassium salt. 

I It f;rystallisea from alcohol in light brown 
i needles, and melts when pure at 283°-284°. It 
dissolves in alkali to orange-yellow solutions, and 
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METHYL-ANTHRACENE. 


can be neither acetylated nor bcnzoylated. Its 
¥thyl ester melts at and is insoluble 

in alkalis. 

Dimethyl rhein chloride Cj 4 Hg 02 (OMoL('OCl 
is produced from the acid by the action of 
tliionyl chloride. It is crystallised by adibng 
ligroin tef its solution in chloroform. Canary- 
yellow jirisms melting at lUtC ar(‘ obtained. On 
treatment with ammonia — 

Dimethyl rh< in amide 

Cj 4 ll 50 .( 0 Me),-C()-Nll., 
is obtained. This very insoluble substance can 
bo crystallised from a large quantity ol ethyl 
aca'tato. it occurs in mi(;roseoj)ie. liexagonul 
■fdatos, m ]). 287". U is a tact of great impor- 
tance that this amide und(‘rgoe.s the ilolmami 
reaction, and can he conveited in this v\ay into 
an aminodimethoxyanthiaqiiinone, Avhn h, alter 
removal of the amino gioiqi amCdenudhylation, 
yields chryKazin. JIIkmu is thus cliiysazin 
caiboxyln' acid. 

Constitution of Chey.soi>iianio Ann, 
Aloemoutn, and Rhein. 

'riie rclat lonslnp of chrysophainc acid, 
aloemodin, and rliein is ex^iressed hy the stln'inc, 
JR'Ho’Olf, Kt'OOJI, since both cliryso- 
phanic and aloemodin yudd ihein on oxida- 
tion and rhein is a carboxylii a'-id (itobinson 
and yimonsen, l.c.). Now chrysophainc acid is 
derived from ^-methylanthraciaie nliilst ilimn 
can be degraded to chrysazin, Acciqihng the 
usual 1 : 8-configuration for chrysazin, this 
leaves two pos.sihlc foiniuiie foi chrysophanic 
acid, namely — 

OH CO OH OH CO OH 

* and 


'.rhat the latter (and therefore the correspond- 
ing fonnulflB for aloemodin and rhein) must hi' 
taken as correct is provinl by tlu' fact that 
aloetio acid {see above) is oxidisi'd b}^ nitric acid 
with formation of 2:4: t)-ti initro-j«-hydroxy- 
bcnzoie acid. 

Furthermore, Legcr (C. R. 1912, 154, 281) 
has found that chrysojihanic acid on fusion 
With potash yields b-hydroxyisophthalic acid. 
All jioasiliie doubt has been removed by the 
following ; 

tiynlhesis of Chrysophanic acid (Eder and 
Widmer, Helv. Chim. Acta, 1922, 5, 2). 

rt-Nitrophthalic '‘anhydride condenses with m- 
oresol in presence of aluminium chloride to 
3~mtix)-o-2'-hydruxyto]uoylbonzow acid. 

NOj OH NO, Oil 

A/Co^'- /\ /\;- CO ^/\ 

\/Ao/ \,/^C 00 H\A“ 

This is reduced to the corresponding ammo-acid 
by means of ferrous hydroxide in amraoniacal 
solution and then converted through the diazo- 
derivative into 3-hydroxy-o-2'-hydroxy-p-tolu- 
oylbeiizoie acid. The latter yields chrysophanic 
acid. m.p. 193°~194‘’, identical w'^h the natural 
product, on treatment with a mixture of boric 
and suljihuric acids at 1G0‘'-170°. 




CO ^/\ / 

lO^coauU^'. 


The proof is conehrsive since the anthrarufin 
derivative Avhich might have been obtained in 
thi.s synthesis was prepared in another way. 

In view of the fact that aloin yields a jientose 
and aloemodin on hydrolysis and tin* latter may 
h<‘ iixidised to iliein or reduced to ehrysuiihanie 
and (Oesterle, Arch. Rharm. 1911, 249, 445) it 
iH remarkable that Heel, Kelhcr and Schaif 
(Her. 1917, 50, 759) should he able to isolate a 
tetrahydroxymethylanthraquinone hy oxida- 
tion of aloin w'lth Caro’s acid. This substance 
melts at 232"-2.‘14" and forms a f.etraacetate, 
ni.]t. 198'’-20r',and1etrabenzoate,m.p.236"-238°. 
Jt seems very jirohabh; that this compound is a 
hydioxyaloeinodin and has one hydroxyl in 
the .side<>ehain. 

Rubiadin. 'J’his suh.stance, isolated by 
►Sehunck (Jdiil. Trans. 1853, 72) and investi- 
gated by t^ciiunck and Marehlewski (T. 1893, 
03, 973 ; 1 894, 05, 183) is obtained as a glucoside 
liom madder of Hutch oiigiii and ajipears to be 
2:4- dihydioxy - 1 - inetliylanthraqiiinone. It 
crystallises lioin benzene in yellow needles, 
mi'lting ut 290 ', and forms an acetate melting 
at 225^ 

RairovvehIT and Tiitiii (T. 1907, 91, 1913) 
have identitied a <-onstitu(“nt of Morinda longi- 
Huia as a hydioxymelhoxymethylanthraqumone 
W'hieh on eoinpJete methylation yields 1 : 3- 
(limethoxy-2-inethylautliraquinone. The latter 
erystalhs(‘8 in golden lu'edles melting at J8H'. 
On the other hand, iSimonsen (T. 1920, 117, 501) 
points out that this constituent is the mono- 
methyl ether of rubiadin and may he hydrolysed 
to rubiadiii (m.p. 290”; aeetati!, m p. 225”) by 
heating with eoncentrati'd hydrochloric acid in 
a scaled tube at 140”-] 50". 

Morindone (.see, Morin da ciTRiFOTjA)is atri- 
hydroxymethylanthraquinonc, considered by 
ISimonsen (T. 1918, 113, 700) to be a hydroxy- 
)3-methylehiy.sazin (1) or a hydroxy-j6-inethyl- 
anthrarufin (11), but the grounds for rejecting 
one of the formula (111) or (lY) which arc 
hydrOxyehrysophanic acids are not very 
convineing. 

OH OH OH 

Me 

OH 

1 II 


Oil OH OH OH 
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METHYLANTHRANIUC ACID v. Amino- 
acids (Aromatic). 

2 METHYLANTHRAQUINONE 

CO 

OX™- 
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METHYLENE BLUE. 

Obtained by heating phthalic anhydride with | both these substances 
toluene in presence of aluminium chloride, i thiodiphenylamine 
steam -distilling to remove excess of toluene, 
adding sodium carbonate, filtenng and i)re- 
ci])itating the 2 -p -toluoyl - benzoic acid by 
acid, redissolving in fuming sulphuric ueid, 
healing and pouring into water when 2-methjd- 
anthraquinune is prceiiiitated. I’ole yellow 
needles, m.p. 177°. iSolublc in acetic acid or 
beui'ene. 

METHYLARBUTIN r. OnurosmEs. 

METHYLASPIRIN v. Synthetic drugs. 

METHYLATED SPIRIT r. Al('oiiol 
METHYLAURIN V. 'rUTPllEN i LMETll VNE 

('Ol <)1IK[NG Ma iters. 

a METHYLBUTYRIC ACID r. Vai.kric 

ACIDS. 

METHYLDIBUTYLACETIC ACID r. Hende- 

CATOIO ACJDS. 

METHYLDIETHYLACETIC ACID 

TOU; ACIDS. 

METHYLDIPHENYLAMINE 

AMINE. 

METHYLENE BLUE 
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were derived from 
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from which by nitration, reduction, and subse- 
quent oxidation, Lauth’s violet could be ob- 
tained, mcthyicno blue being the totramethyl 
derivative. 

The method ot manufacturing methylene 
blue formerly adopted by the Badischo Anihn 
und 8oda-fabrik (Eng. Pat, 3751, 18S7 ; 1). R. P. 
1HH(» ; U.S. Pat. 204790 ; cf. also Eng. Pat. 4()4S, 
18S2 ; 1). H. I’, 24125 ; Muhlhkuaer, Dingh poly. 
J, 1880, 202, .371) consists in reducing nitroso- 
dimethvlanihne NO l^jll.i HlCH made by 
the action <tf sodium nitrite on dimethylanihrio 
by nii'ans ol zinc oi sulphuretted hydrogen ; 
the dimethyl / -phen\ lonediamme so obtained 
IS treated 111 (,lilut(‘ acid solution with sulphuretted 
hydrogen and some o\idiHing ngimt (r.g feme 
ehloiidi) 

2(!«Hj.N.. f 11 ,S (-30^ 211(1 
■ ■ ‘ -Piflll,,N,S(1 ] NH^Cl+nH.O 

' P»y the gradual addition of the fiTrio chloride 
] (he liquid becomes deep him*, and tlu' lesulting 
I colouring matU'r is ‘sailed out’ by adding 
, common salt and zinc chloride, and puritied by 
re-solution in water and ‘ re-sallint' out.’ This 
' double salt, which constitutes the methylene 
,11 j blue of commeiee, crystallises in eopper-eoloured 
crystals, readily soluble in ])ure water, but 
sparingly soluble in solution ol zine chloride. 

TetramethyMianiiiiodijihcnylamine when 
oxidised 111 [iresence of sulphuretted hydrogen 
yndds only traces of methylene blue Similarly 
111 the Kimulianeous oxidation of dirnethyl- 
p-phenyleiiediaminc and dimethylanihne in pre- 
sence of sulphuretted hydiogen, the dimethyl- 
aniline enters but slightly into the reaction. On 
; the othei hand, it the tidramcthyldiaimno- 
i diph(Miylainim‘, or the mixture of dimethyl- 
j \ / ' y>-])henylenedianiine and dimetli ylanihno, is 

^ I oxidised in presence of sodium thio.sulphate, a 

The comparatively small yield of the eolouiing ' peculiar sulphoacid results, which on boding 
matter (15-20 p <;. of the p.phenylcncdiaminc ; with acids dcaannpo.scs into Hul])hur dioxide and 
taken), together with the ditlicullics attiniding 1 5’af‘o-nn'//o/5?(c blue. By the oxidation of tins 
the iireparatioii of th(‘ matciials ivquircd, lue- 1 Imdy methylene blue is leadily obtained (Ulrich, 

' Eng. Pat. 43, 1880; 1>. R. PJ’. 38573, 39757). 
According to D, R. P. 38573 a mixture of the 
iieutial salts of aminodimcthylanfline and 
dimcthylaniline is oxidised in presence of the 
thiosuljihate ; in No. 39757, a solution of nitroso- 
ihmethylaiuliuc hydrochlondi' is heated with 
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obtained by (Airo 


A colouring mattci lirsi 
187ti 'oy the oxidation oi dimethyl p-phenylene- 
diamnK' in presence ol suljihu retted hydrogen 
iiv treating pqihenyh'iicdiaimne vith sul- 
phuretted liydrogc'ii and oxidising agents, or by 
heating it with suljihur ami subsequently 
oxuhsmg, Lautli obtained a violiT basic coloui ing 
matter contamiiig sulpliui, known as ‘Ijauth’s 
violet ’ or thionme. 


NIP 


/\ /i^ 


u 
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vented its manutueture on the laige scale. 

Laulh’s reaction, howcvci, became of industrial 
inqiortaiice through Caro’s discovery of the 
method of manui'acture of nitro.Modimethyl* 
aiiilme whereby it was leaddy ]K>.H«ihle, to 
obtain dunctiiyl-p-])heqylencdiamine. 11iis 

compound, when treated' by Lauth’s reaction, I dimethyl.imlme and sodium thiosulphate, 
gave rise to a methylated Lauth’s violet, whicli The ])r()ccss by wliich methylene blue is now 
differed from tlu' parent suh.stanee m hdng of a ; manufactured (Eng, Pat. 10314, 1888 ; 8221, 
pure blue colour, and also in bring more easily I 
obtained and in much larger quantity. The j 
new colouring mattiT came into commerce 
under the name of Methylene bliie.^ Its con- 
stitution, together with its relation to Lauth’s 
violet (thiomne) was first estabhshed by Bcrnth 
sen (Annalen, 1885, 230, 7.t). 


Pat. 122720, 173137, 181827 U.S. Pat. 
270311, 3()3592, 30()t)39, 3l)(>()40, 384480) is as 
follows; y>-aminodimetiiyIaniline (dimethyl-p- 
phenylene-diamine) is mixed with sodium thio- 

sulphate and the mixture oxidised by potas- 

He showed that aium dichromate to the thiosulphonic acid, thus — 

Methyleue blue appears on the market under this i I -pHgSjjOa pO 

■ 


name and also with the folIowliiK marks : 2Ii (Badische 
Co.); 2Ji powder extra (Berlin (Jo.); BG eonc. zinc salt 
(Ter Meer); 4BE (Poirrier). It is manufactured in 
England by British Dyes, Ltd., and L. B. Holliday and i 
Co., nudderatield, by Claus and Oo., Ltd,, Manchester, I 
and by several linns in America. ' 
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Dimethylaniline is added and the indamine is 
formed by oxidation with dichromatc 

' ^ ' , ■ 

\/ 

The indamine is now boiled Ant.h dilute acid 
or zinc, chloride solution whereby ihc colourinp 
matter is formed 
SOa 


it is readily transformed into its leuco base, 
ietramdhyldiatnimfhiodiphenylam ine 


(CTT3),N, 


jNlCHa), 


(Cird.Ni 




+TT(JH () 


-(tdlaLN 




N((TT 3),(!1 


-hi I. .SO, 


A solution of ;)-aminodirnethylaniliiU' hydro- 
chloride (about 2r>0 litres), prepared by convert- 
ing () kilos, of dimothylaiuhne into nitroso- 
dlmethylaniline hydrochloride and ri'ducing this 
with zinc-dust, is neutralised at lH^-20° with 
sodium hydroxide solution until a faint turbidity 
is produced. 16 kilos, of aluminium sulphate 
are now added, the mixture stirred for half an 
hour and then a concentrated solution of 
13 kilos.^ of sodium Ihiosuliihate is (luickly 
poured in, followed at once hy a solution of 
4'8 kilos, of potassium dichromate in 76 litres 
of water. In order to complete the formation 
of the thiosulphonic acid the mixture is stirred 
for an hour. The whole is diluted to 600 litres 
and 6 kilos, of dimetliylanihue hydrochloride aie 
added. For the jireparaiion of tlie indamine a 
.saturated solution of 14 kilos, of pot.xssium 
diohromaie is now run in quickly at a temiicra- 
turo of 10‘’-12^, the whole being well stirred, 
75 kilos, of a solution of zinc ehloride (sp. gr. 1 -53) 
added and the mixture heated for half an hour 
to 100°. On cooling the })reci]>italed methylene 
blue is liltered off and purified by rtidissolving 
and preApitating with zinc chloride, (The 
amount of potassium dichromatc added in the 
last operation is sudicient both to form the 
indamine and to oxidise the tcuco-raethyh'ne 
blue produced.) 

By using mctliylcthylamline instead of 
dimethylaniline a much greener dyestuff is 
obtained {Methylfnc M.E. (’ain, 7th Int. 
Oong. App. Chem. London, 1909, sect. iv. B, 
95). 

(For the preparation of methyleno blue on 
the laboratory scale, see Cain and Thorpe, 
jSynthotic Dyestuffs, 4th ed., 1918, 289 ; Mohlau 
and Bucherer, Farbenchomisches Praktikuin, 
1908, 202.) 

Methylene blue may be estimated by 
titrating a boiling solution with titanous chloride 
in a current of carbon dioxide (Kneoht, J.^Soc. 
Dyers and Oulourists, 1906, 21, 9). 

Concentrated sulphuric acid dissolves methyl- 
ene blue with a green colour. By reducing agents 


This substance forms yellow needles, melting 
at 185° (Landauer and Weil, Ber. 1910, 43, 198) ; 
it rapidly oxidises on cxiiosure to moist air, 
and IS transformed into methylene blue. 

Methylene blue is, xvith the exception of 
Victoria blue, the only basic blue colouring 
matter which has any technical importance, 
and it is ])refeiahlc to Victoria bine on account 
of its greater fastness t.o light. It resists the 
action of neutral soajis and dilute solutions of 
chloride of lime. It is largely used in cotton- 
yarn dyeing and in cahcoqirinting with tannin, 
or Avith tannin and tartar emetic mordants. It 
gives a greonish-hliie inclining to indigo, and is 
frequently shaded Avith metliyl violet, malachite 
green, and other basic colouring matters, ft 
has no special ajijilieations in silk or avooI 
dyeing. For piin; blue cotton is mordanted 
with aluminium acetate, aged, passed through a 
chalk bath, w-ell \eashcd, ])assed through a 
weak tannin hath and dyed at a gradually 
increasing tcmjierature. The colour is added in 
small portions to the dye-hatli, Avhich sliould not 
ho warmer tlian 20°-25° at tlio beginning, and 
after some colour has hi'cn taken up it should 
be luxited very gradually to 70°-80°, or higher 
if required ; a small amount, of acetic acid in 
the dye-bath acts favourably for level dyeing. 
For very dark indigo «1iades cotton, mordanted 
Avitli tanmn and antimony, may ho passed 
tlu'oiiuh a Aveak solution of pyndignite of iron ; 
or a hath of pyrolignite of iron ((i° Tw.) may bo 
substituted for tartar emetic ; after the treat.- 
meiit with iron liquor tlie cotton sliould he ]ias8ed 
through Avx'ak lime Avater and finally well 
Avashed before dyring (Kneeht, Ilawson and 
hoewonthal, A Manual of Dyeing, 2nd ed., 1910, 
484). For method of detection on dyed fabrics, 
e. vol. ii. p. 592, 

Methylene blue is of considerable value as a 
staimng material in bacteriological and histo- 
logical lesearch ; v. Flirlich, Centralb. Medic. 
Wissenseh. 1885; Dresser, Zeitsch. Biol. 1885, 
41 ; A. B. Lee, 'flu' Mierotomist’s Vade-Mecum ; 
J, W. H. Eyre, The Elements of Bacteriological 
Technique. J. C. (I. 

METHYLENE GREEN. A substance ob- 
tained by treating methylene blue with nitrous 
acid, or with nitric acid in sulphuric or acetic 
acid solution. It is a muno-nitro derivative of 
methylene blue. The leuco compound forms 
brown needles melting at i46°-147°. it is 
applied to cotttn in the same way as methylene 
blue, and gives a full bluish-green shade. 

Literalvre. — Eng. Fat. 8992, 1886 ; D. R. F. 
38979 ; Fr. Fat. 177331 ; Ber. 1906, 39, 1020 ; 
Z. Farben. Ind. 1906, 5, 285 ; J. pr. Chem. 
1907, Lii.] 76, 401 ; Ber. 1910, 43, 198. 

J c c 

METHYLENE VIOLET r. Safranines, art. 
Azines. „ 

METHYLETHYL ACETIC ACTD r. Valehio 

ACIDS. 

METHYLETHYLALLOXAN v. Alloxan. 
METHYLETHYLBENZENE v. Cumenes. 
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METHYLGLUCOSIDE v. Carbohydrates. 
METHYLGLYOXAL t. Ketones. 

METHYLGRANATONINE i'. Ketones. 

METHYL GREEN v. Triphenyl methane 
colouring matters. 

METHYLHEXYL ACETIC ACID. Nonoic 
A cn) iq.v.). 

METHYLHYDROXYBENZENE Phenol 

AND ITS HOMOLOGUE9. 

METHYLINDENE r. Indene. 

METHYLINDOLES y. Indoles. 

METHYLwoPROPYLACETIC ACID r. ( ap- 

ROIC ACIDS. 

METHYL/, soPROPYLPROPIONIC ACID 

H EPTOIC ACIDS. 

METHYLMALIC ACID p. Malic acid. 

METHYLNAPHTHALENES, THEIR HOMO 
LOGUES and DERIVATIVES, a- luul 
naphthalcnes ocjciir iii creosote oil (iSehulze, tier. 
1884, 17, 842, 1027), and, together with naiilitlia- 
lotio and di-, tri-, and totramothylna])hthalcne, 
m crude fietroleum or na]>htha (Tanimann, 
J). II. P. 95.779, 1S97). 'I’Ik' se])aration of tluise 
substance.^ from their homologues is eflected 
either by fractional sulphonalton or by distilla- 
tion, and tJicir xiurdication by means of ])ierie 
acid (Tanimann, lx.; Wiehelhaii.s, Bci. 1891, 
24, 3918; Wend^", J. ])r. Chein. 1892, [ii.] 4(), 
3 19). The jiure meihy Inaphthalencs were placed 
on the market in 1912 ((lea. f. Teerverwertuiig, 
ni.h. H. Duisburg-Mcsdencb). a-M< thylnapli- 
thalenvy colourless oil, b.p. 237°-24i® or 117"- 
120" under 12-13 imn., forms a pwratc, orange- 
yellow neodle8,m.p. 14r-142 (JM.B. usually given 
m the literature as 110°--! 17" from (kaiincian, 
Bor. 1878, 11, 272, whose eomixamdw.as actually 
the jiiorate of ^-methyliia])hthalene). ISulxihona- 
tion yields two isomeric Milphoiiic (ictd.y, sejiar- 
able by means of their barium salts (Wendt, lx.). 
(Jontrary to the statement of fSeherler (Ber. 1891, 
24, 3932) the nitration of a-methylnaphthalene 
in the cold results in the formation of a-viclhylA- 
niir()>i(iphthalcne, yellow ncedb's, m.j). 71'"’-72'^’, 
togothei with a mixture of lujuid jiioduets, 
b p. 173" 179" under 18 mm., which lias not been 
satisfactorily scjiarated (Lesser and (dlaser, 
Ann.den, 1913, 102, 1). Furthi^r mtration does 
not yield a dinitio-deiivaiivc, but a irtnilro- 
denvative, straw-yellow needles, in.p, 180'^ -181" 
{ibid : ). i-Mclhijl-a-iutphthf/lamiiie, colourless 
noodles, m.p. 61"-52", obtained by the reduction 
of the corroaponding nitro- derivative, forms an 
acefyLdorivative, needles, m.p. 1GG°-If)7°, ♦a 
6e/iro?//-derivative, needles, m.x>. 238"-239", and 
condenses normally with chlorodinitro benzene 
to form tb(5 dindropAmyZ-derivative, yellow 
needles, m.p l7()"-i77", with iiieryl chlondo to 
form the irinilro])hctn/l-dQnvuii\t', scarlet-rod 
prisms, m.p. 237"~238", and with phthalic anhy- 
dride to form i-methyl-a-vaflhthylphthalimidc, 
colourless needles, m.p. 233"-234" (ifcitZ.). The 
reduction of monoazo-dcrivatives of 4-methyl-a- 
naiihthylamine yields i-mdhyl-l ; 2-naphihykw‘ 
diamine, colourless needles, m.p. 91"-92°, 
together with dinicthyldniaphlhazinc, golden- 
yellow needles, m.p. 30.5"-306",‘ the former 
compound condenses with phenanthraquinone 
to form the azine, yellow needles, m.p. 341 "-342" 
(ibid.). The azo dyes prepared from aminome- 
tliylnaphthalenes (Akt-Cb, i). R. P. 15647 ; Eng. 
Pat. 750, 1881) have no technical value. 1- 
Methyl’^’fiaphifiylamine, needles, m.p. 61°, 


I obtained by heating 1 -methyl-fi-iiaphthol with 
calcium chloride ammonia for 8 hours at 270°, 

I forms an ocriyf -derivative, needles, m.p. 189° 

I (Fries and Hiibner, Ber. 1906, 39, 435). 

I 2-Iodo-\-mxthylnnphih(tlme, jiearly leaflets, 
i m.p. 51*5", obtained from the corresponding 
amine by the diazo -reaction, is converted into 
’ V ;\-dimxthyl~2; 2' -di naphthyl, colourless needles, 
m.j). 2,30", by heating with tincly divided copper 
at 220"-260° (tSeholl andlTiisch, Monatsh. 1918, 
39, 231). By the action of phthalic anhydride 
andalumimum chloride on a-mcthylnaplithalcne, 
Ar'-indhyl-a-naphthoyl-benzou: aenl, m.p. 167"- 
169", IS formed winch, wiien reduced with zinc 
and acetic acid, yields the lactone of whydioxy- 
coA'-iti(tliyl-a-n(tp}ilhyl-o-lolii‘ie acid, m.'|). 163 - 
161", hut when rodiieed with zinc -dust and 
sodium hydroxide, yields coA'-mctkyl-a-iiaplithyl- 
odoliuc neid, m.p. 183"“184" ; the ammonium 
’ .salt of the laiXcr eomiiound on heating with 
, .suliihuric aeid condenses to ri^methjl-l : 2 - 
j benzanHit aqmnove , yellow needles, m.p. 176"- 
177", and this undergoes oxidation and condensa- 
tion when heated with alkali, with formation 
of 1:2:1'; 2'-dibenzanthraJlavonp, orange-red 
crystals, which dyes cotton yellow from an 
alkaline hydrosulplnti' vat (Scholl and Tritsch, 
Monatsh. 1911,32,997). l-Methyl-^-nax»hthyi 
amine, its acetyl- or jihthaloyl-dcnvativcs do 
I not coikIciiso with phtliahc anhydride (Scholl 
and Tntscli, Monatsh. 1912, 33, 307). Biazoti- 
! sation of 4-incthyl-a'naphthylamine followed 
' by the usual treatment yields 4.-rncthyl-a- 
naphihol, colouilcss noodles, m.]). 84°-85°, 
which forms a 6 ca 2 oy/-derivative, largo prisms, 
rn X). 8l"-82" (Lesser and Glaser, l.c.). Reduc- 
tion of dinaphtholmcthane with zinc dust and 
.sodium hydroxide gives a 90 p.c yield of 
! I -methyl- ^-najjhthol, white needles, m.p. 112 ", 

I which forms a benzoyl-danvixUyo, needles, m.p. 
jjl7"; ethyl ether, jilates, rn.p. 52" (Me.ister, 
j Jjucius and Bruiiing, l>. R. P. 161450, 1904); 
t methyl ether, iilates, m.p. 39" ; ac(b/Ldcrivativc, 

I firisms, m.p. (»()" ; i)-bro7m-\ - methyl- ^-naphthol, 
needlc.s, m.p. 129"; W ; i\-d%hromo-\-methyl-^- 
j naphthol, needles, m-X). 180" (Fries and Hiibner, 

\ l.c.). l-Methyl-/}-naphthol does not couple 
' with diazo -comxjou rids. Nitrous acid converts 

1- mctliyl-^-nax)hthol into ] : 2-meihylnaphtha- 
(fumonilrole, colourless needles, m.X). 60", which, 
when heated with acetic acid and ether, yields 
1 : ^-melhijlruiphiha-iji-qmnol, eolouikss plates, 
m.p. 89° ; 6-broi/(o-i : 2-mrihylmiphthaquino- 
riiirofe, needles, m-x). 99" (decomi).); {)-brumo-\ : 2- 
methyhmphtha-tjj-qimiol, yellow jiJates, m.p. 84° : 
(\-bromo - 3 - nilro-l : 2-ineihylmiphlha - ifj - quinol, 
golden -yellow iilates, m.p. 155", is reduced by 
suljihurouH acid to i)-hr<mio-'6-niiro-l-meihyl-p- 
naphthol, orange-red needles, m.p. 163°, but 
reduction with zinc-dust and hydrochloric acid 
yields ^-bromo-W-amino- 1 -nuihifl-^-naphlkol, 
colourless needles, m.xi. 163", which forms a 
laonoaccb/Lderivative, needles, m.X). 183", and a 
dtacf/yf-cicnvative, needles, m.x). 240° {ibid.). 
By the use, alternately, of chlorine, sodium 
acetate and acetic acid, 1 -methyl -j8-naphthol is 
converted into 1:3: i-trichloro-2-keto-l-melhyl- 
tclrahydronaphlhalcne, m.p. 78" ; 1 : Z-dichlorO’- 

2- keto-L-inelhyldihydronaphihaleTie, oil ; 1 : 3 : 3 : 
4 - lelraxhloro -2 -kilo -I -tnethyltetrahydronapUha- 
Icne, m.p. 124"-125" ; 1:3: 44richloro-2-keto-l- 
melhyldihydronaphtluikne, m.p. 86 °, and 1 : 3 : 3 : 
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4 : i~pmtachloro-2 - kelo-i - 7Helhyltf‘trahydronaph- 
thalene^ m.p. 105° (Fries and Heinpclnmnii, l^er. | 

J 908, 41, 2014). O’he reduction of 1 : 3-djchloro- i 
2-keto-l-niethyldihydronaphthalf;ne with stan- 
nous chloride yields \i-chloro-] -tnelhijl-^-naphtJwl, 
needles scales, m.p. 00°, 1:3: 4-trichloro- 
2-keto-l-methyldihydronaphthalene similarly 
yields 3 : A-dichloruA-fncthyl-^-naphthol, needles, 
m.p. 132° (ibid.). When chlorine is passed into 
a solution of l-mothyl-^-naphtliol in slightly 
diluted acetic acid at 0°^ l-chloro-2-kcloA- 
methyU^-naphllLol is ultimately obtained as a 
colourless oil {ilnd.), which, when saturati'd 
with chlorine and heated in a closed vessel on 
the water-bath for 5 hours, is converted into 
'k-chloro-l-nuihyl-^-naphthol, white needles, m.p. 
101° (Fries, Ber. 1921, 54, 2925). Tieatment ol 
0-bromo-l : 2-methyl-naphtha-i/r-qmnol with 
acetyl cldoride, followed by sajionitication, 
yields l-nu'lhylA-<hloro4i-hrhtri<t-^-7Kiphlhol, 
Avhito needles, m.y). 179° (ilud.). JJrhydro-l- 
iriPthyl-fi-na plilhol , yvWow ])risiii8, ni.p. ]33°-134'’, 
is formed by the oxidation of 1 -methyl-, 6- 
naphthol with alkaline ferricyanitlo (I’ummcrer 
and Cherbuhez, Her. 1914, 47, 2957) or with 
nitrous acid (Fries and 11 ubner, l.r.). 

^-Mctlu/hinphfJialcn'’, monoehmc ]jrisms, 
m.p. 32-5°', b.p. 210°-242° (Fock, Bor, JS'.M, 27, 
1247), forms apicmt-c, needlc.s, m.ji. 115° (iSchulzc, 

l. C.). iSulphonation yields two isomia'ic f<ulplionic 
(U'ldN separable by means of their barium salts 
(Woridt, /.c.), and nitration yields \-inlro-f^' 
meikyhiaphlhahmy m.p. 8l°, b.p. 185° -1 80° 
under 18 mm, which forms a wonobromo- 
derivatiye, ne(*dlos, m.p. 94° (Schulze, l.c . ; 
].#esser and Aoz6l, Annalcn, ltll3, 402, 30). The 
reduction of l-miro-fimfffiylnaphthalem' with 
acid stannous cldoride yields A-chioro-2-mclJiyl-a~ 
mphthylaminc, colourless needles, m p. 05° ; 
aceO/i-dcrivativo, nocdles, m.]) 200° ; bcnzoyl- 
derivative, needles, m.p. 230°-237° ; the chlori- 
nated base condenses with idithalic anhydride 
to form 4-Lhloro-2-?n(l/i i/l-a-iiaphthylphihalimidc, 
colourless needles, in.}). 171°, but it reacts j 
additivoly with chlorochnitrobeiizeiio and picryl | 
chloride forming red needles, in p. 78°, and | 
brownish -rod needles, m.p. 119°, resjiectivcly 1 
(Lesser and Aez61, l.c.). Tlio reduction of 1- j 
nitro-^-inethylnaphthaleiio with iron and acetic j 
acid yields 2-mcthyl-a-H(fphlliyl(uninc, eoloiirlcss ' 
needles, m.p. 32° ; oer?///-dcrivative, needles, 

m. p, 188° jitinzoyl-derivative, yilatcs, in.}). 180° ; 

the base condenses with yihthalic anhydride to 
form 2-methyl-a-7wphih}jlphthalimidc, colourless 
needles, m.p. 233°-234°, but it reacts additivoly 
with chlorodinitrobenzene and jncryl chloride 
forming red needles, m.}). 93‘’-94°, and brownish- 
red needles, m.p. 129°- 130°, resyjcctively (dud.). 
Reduction of an alcoholic solution of 1-nitro-^^- 
methylnaphthalcne with tin and hydrochloric 
acid does /lot give the chloro-denvativc but 
2-methyl-a-naphthylamine, which on chlorina- 
tion yields a /d/ac/doro -derivative of 2-mcihyl- 
tetrahydro-a- mphiluiquinonc, colourless prismatic 
crystals, m.p 118°; on reduction the latter jnelds 
4-chloro-2-7nelhyl~a-naphtJiol, colourless needles, 
m.p. 104 ’5° ; aceOyLderivative, needles, m.p. 
87° ; 2-7nethyl-a-7iapht}uiqui7i4)nf, yellow needles, 
m.p, 104° ; 4 : ^'-diaTnmo -^ : -diTnethyldinaphlhyl, 
colourless prisms, m.p. 213° (Fries and Lohmann, 
Bor. 1921, 54, 2912). 2-MdhyUa~mpUhoh 

colourless noedios, m.p 01°, is obtained from the 


corresponding amine by the diazo -reaction, tlio 
decomposition being effected in an atmosphere 
of carbon dioxide, and 4 : 4' -dihydroscy-'i : 3'- 
dimcthyl-l ; i' -dinaphlhyl, large plates, m,p. 
235° (docoinp.), is formed as a by-product ; the 
latter compound forms a dtacc/yZ-derivativo, 
plates, rn.]). 235°-230°, and readily oxidises, as 
also does 2-niethyl-a-na})hthol, to 2 ; 2'-d%mcihyl- 

I : V-dinaphthonc, metallic needles with a green 
reflex and carmine-red streak, decoinp. about 
250° (Lesser and Aez^l, l.c.). 

Na])hthylalkyl ketones arc converted quanti- 
tativ<‘ly into the corros])o tiding hydrocarbons 
l)y direct hydrogenation at 180° in the yirescnce 
of im-kel (l)arzensand Rost, (Jompt. rend. 1908, 

I 14(i. 933), thus a- and ^-ethylnaphthalencs from 
i<ho corrcspoiitimg acetvlnaphthalenes, and a- 
j and ^-isol)HtYlna])hthaIene!- from tlie eorre- 
j Hj)onding isobutyrylnapiitludenes. 

; a-l'Uhylnaqtlilhalnic, does not set at —18°, 
j b.p. 100° under 2 -3 min (ibid.), forms a jncralcy 
yellow' needles, m.p. 98° ((!arneJiitti, Ber. 1880, 

I 13, 1072), and a inoiiosvlphomt acul (Fittig and 
j Romsen, Aimalen, 1870, 155, 118). 

^■lUhyhmphtlialcnc, crystallises at ~J8°, 
b.p. 250°-25l° (Marchctti,^4azz. 11, 205, 439; 
Biunel, Ber, 1884, 17, 1179), forms a pioaic, 
golden-yellow froedle.s, m.}). 09° (Brunei), 71° 
(IVlarchetti), anil a mo nof^ul phonic acid (ibuL). 

a-ido-Bu(ql'U(ipliihalcnr, mobile li(}uid witb 
an odour ol petroleum, b.]), 130°- 138° under 

II inrn. (Darzens and Rost, l.c.). 

^-1.70- Hniylnaphthalc7iCy mobile liquid with 
a taint odour, b.p. 112° 113° under 0 mm. 
{ibid.). 

I'Allyl-^naphlhol. obtained by heating 
j8-na})hthol ally! ether at 210° until soluble m 
dilute sodium hydroxide, lorms colourless })ri.sms, 
m.p. 55°, h.]). J77°-i78° under 12 mm. ; bcnzoalc, 
colourless crystals, m ]>. (i5° (fUaisen, 1). R. I'. 
208099, 1912 ; Ber. 1912, 45, 3157 ; Claisen and 
Eisleb, Amuilen, 1913, 401, 01). 

2-Allyl-a-n(iphihol, is not formed so leadily 
as its isomendc, oil, b.p. 171° uiidiu’ 12 mm. ; 
p-7ntrohc7)zontc, needles, m.p. 99° {ibid.). The 
reaction by which these derivatives of allyl- 
naphthaleiK* arc foi mod is not a])})licablo to 
other ethers. 

Dtmethylnaphthalenes. 

\ 4~lhmcthyl7iaphihal( nc, obtained by tlio 
action of methyl iodide and sodium on 1 : 4-dibro- 
moiiaphthalcne (Mono, Ber. 1880, 13, 1517), does 
i?ot set at —18°, b.p. 2()2°-204° under 751 mm., 
forms a picralc, orange needles, iii.]i. 139° (Gio- 
vannozzi, Gazz. 12, 147) or 141° (Cannizzaro and 
Androocci, Gjizz. 20, 19), and a mmiomlphonic 
acid (Giovamiozzi). Fhysical nu'thods for the 
; 8e})aration of the dimetbylnaphthalenes in the 
; licavy-oil fraction of coal tar, b.p. 160°-265°, 

; are ma])})licabl^', but the sulphonation method 
. under varying conditions leads to the isola- 
! tion of 1:0-, 2:0-, and 2 : 7 -dimothylnaph- 
, thaleues. 

I 1 : h-I)imeihylnaphthale7ie. The crude oil, 
j purified by alternate fractionation and agitation 
j with Binall quantities of cold sulphuric acid, is 
stirred with 09 p.c. of its weight of 98 p.o. 
sulphuric acid for 8-10 hours at 40°, The 
' pasty mass of sulphonic acids which separates 
I is mixed with a little water when a solid 
j sulphonic acid is dejiosited. The latter is 
1 crystallised from 33 p.c. sulphuric acid and 
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hydrolysed by steam at 130°-i40'’ to 1:0-1 The coal tar fraction, 1).p. 220"-290'’, is 
divicihylna-phihaknc, b.p. 2r>2°-2()JJ“, which forms 1 often used as a solvent for other fractions, yot 
a picrate, orango-red needles, m.p. 114° ; 1 ; 0- ] the only geniiiuo oils which it contains arc 
dimethybrnphihahneA-sulphonic acid forms a j3-nicthylna])hthalene and 1 : U-dinietliylnaj)h- 
aodium salt, bundles of needles, iHjO, and an thaleno, and it owes its fluidity to the enormous 
amide, prismatic crystals, m.p. 185°; alkaline depression of the freezing point mutually exerted 
fusion of the sulphonic acid yields 4 : V'diwiri/iyl- by the ingredients, Naphthalene ftiight well 
a-naphihol, needles, m.p. 82° ; 2 : ij-dmethyl-a- find an outlet as an oil, therefore, if it were 
aap/if/ja 7 Mmonf’, pungent smelling yelloAV needles, luothylatod. F. M. K. 

m.p 95° (Weissgerber and Kruber, Ber. 1919, METHYL ORANGE v. Azo- roLonuiNO 


52, 940). 

2 : (i-DimeViyhiaphthalene. When aulphona- 
tion 18 effected at 135°- 140° and the ])roduct 
poured on to ice, a much less solubh' sul phonic 
acid separates and is crystulhsed from 20 ]).c. 
sulphuric acid. Hydrolysis yields 2 : ii-dtmeihyl- 
napJdhalene, m.p. 110°- 111°, b.]). 2fil°- 2t>2°, 
which forms a pieraie, orange-yellow needles, 
ra.p. 142°-143° [ibid . ; Baeyer and Villiger, Ber. 
1899, 32, 2443). iSulphonatum in the cold \ lelds 
the freely soluble 2 : {bd'nnefhylnaplitlHib nc-H- 
'iidphomc acid, Hat needles and tablets , miI- 
phonic chloride, prisms, m.p. 105°-107°; amtdc, 
leaflets, ni.j). 207° ; alkaline fusion yields 
3 ; 1-duiuifiyl-a-naphlhol, needles, m.]). 105”- 

10G° (Weissgerber and Kruber, ?.c.). iSulphona- 
tion at 135°™i40° yields 2 : (\-dimeihylua})filh<il(‘)i( 


METHYL-0 TOLUIDINE ^NH CH^. 

Prepared by heniing a mixture oFo-toluidme, 
iiK'thyl alcohol and hydrochloric aeid, or a 
mixtuic of o-toluulinc, methyl alcohol and 
, iodine. B.j). 207‘'-20S°; sp gr. 0'073 at 15°. 

I METHYLPHENYL HYDRAZINE - HYDRA- 
I ZONES llYiniAZiNKS Hydrazones. 
j METHYLPSYCHOTRINE r. Iiecacuanha. 

I 2-METHYLQUlNOLINE-QUINALDlNE v. 

. Quinoline. 

I METHYLRHODIN. d’rade name for methyl 
. acef.yl salicylate. 

METHYL VIOLET v. Tkipiienyl methane 


l-sulpkonic acid, which is also formed by heating , 
the isornoride with 78 p.c. snlphnrie aeui at j 
135°-140° ; sodium salt, gliatemng plates, 5lloO ; i 
amide, needles, m.p. 2()5“-2()G° ; alkaline fusion 
yields 'A ’.l^dimeihijl-j^-naphthol, needles, in.]). 
173"-174° ; 2 ; ij-dimethyl-a-v/ipldhaquinone, 

yellow needles, m.p. ]3(>°-i37°; ii : 1 -dunethyl- 
^■naphthaquinone, ruby-red needles, m.p. 151°- 
152° {ibid.). 

2 : l-ihmetliylmpldhalene. After 1 : (i-dime- 
thyliiaphthalcno sul phonic acid has been re- 
moved from the cold sulphoriation mixture, the 
liquid sulphomo acids are heated to 150°-lfl0° 
for a few hours and hydrolysed. I'he mixture 
of solid and liquid hydrocarbons formed may ho 
suflieiontly rich in the 2 : (i-isomoride to allow 
it to be soparal-ed by fractional crysialhsation, 
but, if not, it is 8ul])honatod at 135°- 140° and 
the solid 2 : ti-dirne-thylnaphthalene sulphonit; 
d< id removed. The r<!Siduo is hydrolysed, the 
hydrocarbons sulphonatiid with 98 p e. sudiiliunc 
acid for 2-3 hours at 40", and the pasty juoduet 
after crystallisation from 2-3 parts of 30 p.c. 
sulphuric acid, is hydrolysed. 2 : 1-Thmelhyl- 
naphtliakm, glistening leaflets, rn.p. 9b°-97°, 
b.p. 202°, forms a picrate, yellow needles, nv]>. 
135°-138°; sulphonatioii at 100° yields 2:7- 
dimeJJiylmpJdhalene-^-sulpho7ttc acid, pi^arly 
sword -like crystals ; sodium salt, iiecdha ; amide, 
needles, m.p 197°-! 98°; alkaline fusion yields 
3 : Ij-dimethyl-^-naphthol, lanceolate crystals, 
m.p. 17 1°-172° ; 3 : C)-dimdhyl-a-iuij)hthaqiirimie, 
yellow needles, m.p. 114°-115°*; 3 : i)-dimethyl-^’ 
n-aphiJiaquinone, brownish-ied prisms, m.p. 
152°-153° {ibid.). 

2 : 3-Dimeihyhuiphthulenc, leaflets, m.p. 104°- 
105°, b.p. 139°-140° under 15 mm., obtained by 
the hydrolysis of a sulphunic acid accidentally 
isolated from the liquid sulphonic acids 
accompanying 2 ; 6-dimethylnaphthalene sul- 
phonic acid (Weissgerber, Ber. 1919, 52, 370), is 
identical with gtiuiene, obtained by the dry 
distillation of guaiacum resin (Schroeter, Lich- 
tenstadt and Ireneu, Ber 1918, 51, 1587) ; 
picrate, lu.p. 129*5°-130'5°. 


COL( )U UTN 0 M Al’TEHB. 

METOL. Trade name, for methyb/eamino- 
phenol sulphate. Used as a ifliotographic de- 
veloper. Obtained by heating quinol with 
I aqueous nic.lhylaniine uridi'r pressuioand pouring 
1 the piodiuT into suljihiirie acid (Merck. D. B. J’. 

I 200234; (/. liargei, .1, Amei. Uhem. Soe. 1919, 
j 41, 270). M.p. 250"-200° (ilecomp.). (Soluble 
i'ln (» parts boiling water and 20 parts of watfjr at 
{ 25°. Gives an intense jiurplo coloration with 
' incrciiiic acetate. 

METOQUINONE, Trade name for a photo- 
* graphic dcvclopiir obtained by the action of 
' methyl - 7 >atmuoj|»henoI sulphate (metol) on 
hydn )q u inonc (q u mol ). 

METRAMINE. 8yn. for hoxamcthylonetc- 
tranune. 

METTERNICH GREEN. A double salt of 
zinc chloride with the chlormcthyl-hcxaincthyl 
rosamline hydrochloride. Known also as iodine 
(freeit or night green. Obtained by the action 
of methyl iodide or chloride upon rosanilino 
(Hofmann and Girard, Ber. 2, 442 ; Appenzeller, 
ibid. 0, 905). 

MEXICAN BUCKEYE OIL. An oil extract ed 
from the seeds oi Uwjnadiu spcciosa (Eiidl.), a 
deciduous shrub belonging to the family Sapin- 
daeeoi, found in 'J’exas, New Mexico, &c. Bale 
yellow; sp. gr. 0’9i2 at 15°; m.p. —12°. 
Sapunitication value, 191-192; iodine value, ^ 
81-82; Hebner value, 94; iodine value of fatty 
acids, 80-87 (Schaedler Jfliarm. Zeit. 1889, 340). 
Similar values have been obtained by Checl and 
Benfold from an Australuin-growniplant (J. Soc. 
Uhein. Ind. 1919, 74 T.). 4’hc seeds contain a 
I cyaiiogenetic glucosido which may militate 
I against its use as a salad oil for which it is other- 
I wise smtabio. 

MEZCALINE AND THE ALKALOIDS OF 
ANHALONIUM SPP.- -In Mexico Cactoceec, 
belonging l<> the genus Anhilonium, notably 
A. Lewinn (Hennings), are used in Indian 
rebgious ceremonies as narcotics, under the 
name, ‘ pcllote.’ The dried flowering heads of 
1 A. Lcwimi arc known as ‘ mescal buttons,' and 
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contain (Hofftor, fcer. 1896, 29, 216) mczcalinc 
6 '3 p.c., anhalonidine 5*3 p.c., anhalonine 3 p.c., 
and lophophorine 0‘6 p.c. The constitution of 
most of these has been (‘stablishcd by Spath 
(Monatsh. 1919, 40, 129 ; 1921, 42, 263), and as 
far as is known they may be divided into sub- 
stituted {Ihenylcthylaraincs and tetrahydroiso- 
quinoUnes, derived therefrom by condensation 
with aldehydes. They supply an illustration of 
the way in which alkahads may lie derived from 
protein aminoaeids. 

Anhaline occurs in fu^mralnm 

(Engrlrn.), and is idcntieal vith hordenine, q.v. 

Mezcaline a syru]), the chief 

alkaloid of ‘ mescal buttons, ■’ IS )S-3-4:5- 
trirnethoxyphenylethylamim' and has been 
synthesised by Sjiath. 

The other senes of bases are derivatives of 
6:7: S-tnhydroxytetrahydroisoqumohne. 

Anhalamine m.pr 185-6 ", n the 

dimethyl ether of thi' above ; the position of the 
free phenolic group remains undetermined. Its 
methyl ether is readily synthesised from mezea- 
line and formaldehyde. Anhalonidine and 
pcllotine seem to be formed in the ]>lant by 
similar condensations with acetaldehyde and 
both contain a methyl group in position 1. 
Both are optically inactive. 

Anhalonidine Cialli^OaN, m p. 154^ is the 
dimethyl ether of l-methyl-() : 7 : H-trdiydroxy- 
tetrahydroisoquinoline and a homologue of 
anhalamine. 

Pellotine 3 i3H,q() 3N, ra.[». 110”, oeeurs in 
A, WiUtanifiii (Lem.) ami in A. Lcinnu 
(Hennings), and is a still higher homologiu' eoii- 
taining a methyl group attached to nitrogein 
It is almost certainly a dimethyl ether of 1 ; 2- 
dimethyl-6 : 7 : 8-trihydro\yteirahydroquinoline. 
Complete mcthylat ion of the last two basi-s re- 
sults in the same qiiateinary iodide of a tri- 
raethylothcr. Tlie otluu alkaloids liom A. 
Lcwiidi have bi'cn divscribed by ileflter, but 
have not been closely investigated by »Spaih. 
They both contain only one methoxy grouj). 

Anhalonine C^aHisCaN, needles, m.ii. 85”, is 
a secondary base. 

Lophophorine CijlTj^O ,N, is a syni]), yielding 
crystalline salts. These two alkaloids are doubt- 
less very closely related to the bettei known ones 
of the cyclic (second) group. 

According to Dixon (Zcitsch. Physiol. 1899, 
25, 09 ; c/.p also Mogilcwa, Arch. expt. Path. 
Pharm. 1903, 49, 137), anhalonidine, anhalonine, 
•lophophorine, and mezeahne exert qualitatively 
the same physiological action, hqihophoriiic 
being the most powerful and mezcaline the most 
active in producing colour visions. In man the 
alkaloids produce first excitemenl. and then 
intoxication, reserabliiig that caused by alcohol 
but accompanied by a number of subjective 
sensations including colour visions and a feeding 
of dual existence. Pellotine has occasionally been 
employed in medicine as a narcotic. Older papers 
on the subject are by Lewin (Arch. expt. Path. 
Pharm. 1888, 24, 401 ; 1898, 34, 374), and by 
Hefftor (Ber, 1894, 27, 2975 ; 1896, 29, 216 ; 
1898, 31, 1193). O. B. 

MIARGYRITE. Silver sulphantimonite 
AgSbS«, occurring as small, usually indistinct, 
monocfinic crystals. These are black and 
opaque, with a metallic lustre, but thin splinters 
tran-smit a deep crimson colour ; streak dark 


cherry -red ; sp. gr. 6-2. Crystals were foimerly 
found at Braunsdorf, near Freiberg in Saxony, 
and compact masses of some size are met with 
in the silver mines of Bolivia. L. J. S. 

MICA (Cer. Gldtimer). A name applied to a 
group of minerals characterised by the facilitv 
with wliich they split into thin laminae, which 
are flexible and more or less elastic. It is now 
ludiovcd that all micas belong to the monoclinic 
system, but the crystals often affect a hexagonal 
habit. The pei-fcct cleavage, on which the 
micaceous structure dcjicnds, is parallel to the 
basal jdanc. A similar structure is seen in the 
group of chlorites, but their laminae, though 
flexible, arc nut clastic. The hardness of the 
micas IS between 2 and 3 ; while llicir sp.gr. 
ranges from 2*7 to .‘M. The optuial cbaractcrs 
and chemical composition arc subject to con- 
suk'rablc variation in different species. Broadly 
siicaking. there is a group nf jiotiish -micas, 
generally ot jialc colour, and having the optic 
<i.xc8 separated by wide angles ; and a group of 
inagnc.sian, or fiTro-magncsian, micas, usually 
of dark colour, with the ojitic axes in some cases 
so close that the mineral liecomes apparpntly 
uniaxial. On sharjily siiiJaiig a plate of mica 
with a needle-point, a six-rayed star is produced 
{'percu.'ision-Jig'im ) ; while jiressuro with a blunt 
instrument dcvelojis a similar figure {pressure- 
Jignre), having each ray at right angles to one in 
the pcreussion-figuri'. 

All the micas are eomjili'X silicates, contain- 
ing aluminium and jiotassiiim, generally with 
magnesium, but randy woth ealeium. The potas- 
Slum IS frequently replaced in part by litlnum 
and sodium, while iron may be substituted for 
the magnesium and aluminium. Waleris always 
present, and many iiiieas contain fluorine. The 
chemical constilution oi the gioup of micas has 
been discussed by Kammclsherg (Min. Chem.) 
and by 3'schermak (Zcitsch. Kryst. 1878, 2, 14 ; 
1879, 3, 122), and later by F. W. Clarke (Amer. 
Chem. d. 1889, 38, 384; Hull. United {States 
Ucol. Survey, 1895, No. 125: 1914, No. 588). 
The following analysis will servo to illustrate tbs 
comjiosiiion of the jirincipal sjierics : — 



1. 

II. 

111. 

IV. 

SiO., 

. 45-05 

60-98 

41-68 

39-30 

A1..0., . 

. 30-57 

27-80 

13-21 

16-96 

re ;03 . 

1T4 

— 

0-16 

0-48 

FeO . 

. 1-73 

0'06 

0*11 

8*46 

CaO . 

— 

— 

— 

0-82 

M|0 . 

. 0-07 

— 

28-16 

21-89' 

K^O . 

. 10-23 

10-78 

8-78 

7-79 

Na.O . 

. 2-13 

— 

1-04 

0-49 

Li.,0 

. — 

5.88 

. — ' 



h;() . 

. 6-19 

0-96 

3-10 

4-02 

F. 

. 1-26 

7-88 

3-07 

0-89 


99-27 

104-38 

101-77 

101-08 

Sp.gr. . 

. 2-80 

2 84 

2-86 

2-86 


I, Muscovite from Haddara, Connecticut 
(vSchlaopfcr, 1891). 11, Lepidolite from Eozena, 
Moravia (F. Berwerth quoted by G. Tschennak, 
1878; also PoOg 0*05). Ill, Phlogopitc from 
De Kalb, New' York (S. L. Penneld, 1892; 
also TiOa 0-38, BaO 2-08. IV, Biotite from 
Vesuvius (F. Berwerth, 1877). 

Muscor'itej or potash-mica H 3 KAl 3 {Si() 4 ) 3 , is 
the common species widely distributed as a 
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constituent of ffraiiite, gneiss, and mica-schist. 
It is usually wnite, grey, or yellow ; and the 
angle of the optic axes may be as much as 70°. 
Some forms of muscovite have been mistaken 
for talc, as in the granitic rock of the Alps called 
protogine, and in certain so-called talc-schists. 
Sericite is a silky talc-hke mica, occurring in the 
schists of the Taimiis. A rare variety of musco- 
vite containing 6 p.c. of baryta has been called 
oeUacherite or baryta-mica. FuflmlCy or chromc- 
mica, of a bright -green colour, is a variety j 
containing about 4 p.c. of chromic oxide. 1’he ! 
paragonilt of 8t. (rotthard. closely related to 
muscovite, is a soda-mica H.^NaAl^jlSiO^),. | 

Lepidolilc, or lithia-mica, uith the u])pfoxi- | 
mate Wmula Kr.i[Al(011,J<'')_>lAl(!S)()3).^,, is gene- 1 
rally of peach-blossom colour, but sometimes ' 
grey or whit(‘, with a jiearly lustre. It occurs ' 
in certain granites, cspccial!.y with nnncials j 
containing fluonne, hkc topaz and tourinahnc. i 
ymall amounts of rubidium and ciesiiim arc j 
sometimes present in lepidolite. 'Plio best- I 
known locality foi’ the typical kind is near j 
Kozona in Moravia, where it forms a beautiful I 
rook,, occasionally polished as an ornamental ] 
stone. During recent years lepidolite has bi'cn ! 
extensively niiniid at I’ala in California f(u the 
supply of litiiium salts largely used in the 
manufacture of litMa-\^ate^. Zrmwald'Ue is a 
greyish lithia-bearing mica, occurnng in the 
tm-mining districts nf fcSaxony, Bohemia, and 
Cornwall. 

Fhlogopi h [ 1 1 , Iv , ( Mgh’ ) J jMg , A 1 ( Si 0 4 ) ;, i n e I u des 
certain magnesian micas, usually ot leddish or 
bronze colour, occurring in crystalline limestone 
and in serpentine. The angle of the ojitie axe.s 
ranges from 0° to 17°. It is notable that certain 
phlogopites exhibit by transmitted light lumi- 
nous stars, due to t lui jucsence of nuiltitudi's of 
included aeieuhir crystals delinitidy oricntati'd ; 
th^ best examples of tins asteriatcd mica lieirig 
yielded hy some of the Laiirentian limestones of 
Canada. The innui mined in (Simula and 
(’eylon for commercial purposes is jihlogopite. 

Biotitc includes a number of magnesian and 
ferro- magnesian micas, gcmcn-ally ot dark eoloui, 
and transparent only in thin lamina* Bro- 
quently occurring in six-.sided jilates, and Ifavmg 
a very small optic angle, they were* formerly 
referred to the hexagonal system. In thin 
sections they exhibit stioiig ]deoeliroism 'I’hcy 
are generally denser than muscovite, and their 
cleavage-lamina? are less elastic. Biotitc is oftop 
found, in association with muscovite, m granite, 
gneiss, and mica-schist, and the two micas are 
sometimes closely mtergrown. 'J’he biotitic 


and from lopidomelaiie by having most of its 
iron in the condition of FeO, the average 
percentage of this oxide being 17 ‘22. 

The vanadium-mica, or roscoelitCt occurring 
with gold ores in California and Colorado, con- 
tains as much as 28'8i> p.c. VjOg. Mg.rqar%te, or 
lime-mica, H2CaAl4Si20i, is sometimes placed 
in the mica group, though more usually it is 
classified wnth the clintoiiites or ‘ brittle micas.’ 

’riic mica of commerce comes mostly from 
India, the United States, and Canada ; the 
Canadian being the brownish magnesian mica 
phlogopilo, known in the trade as ‘ amber.’ Large 
sheets of .suthcieut purity to be profitably w^orked 
are of very limitetl occurrence ; they are usually 
found in veins of pegmatite or giant granite, 
where the constituents crystallise on a large 
scale, and are often associated Arith rare minerals 
sm h ns beryl and cohimbite. In India the chief 
imea-niiiHiie aistricts are those of llazaribdgh 
in Bengal and f>f Nelloie in Madras ; from the 
former tin* iniea (muscovite) is usually of a pale 
ruby tint, and liom the latter of a greenish 
shade. In the Inikurti mine, NcDore, ‘ books ’ 
of mica measuring U) feet across the basal plane 
ami 11]) to 15 feet across the folia have been 
found llcctangular sheets measuring 30x24 
inches and free Irom fiaws have frequently been 
obtained. A single mica crystal from North 
(’arolma has been known to w*eigh nearly 2000 
])ound8. Mica has been worked at Alstead, in 
! New Hampshire, where sheets have been found 
i measuring 4 feet across. Mining for mica has 
I also been carried on in the Black Hills of 
I South Dakota, in Virginia, and in New Mexico, 
j Several mines have now been openorl up in the 
Uluguru Mountains, in Tanganyika Territory. 

' Of the various micas, muscovite and phlogo- 
]ute are the only ones of commercial importance ; 
and these, sliangely enough, often pass in 
trade under the name oi ‘ tale.’ Muscovite was 
I formerly called ‘ Muscovy glass,’ in allusion to 
its use in B/Ussia as a substitute for window’- 
glass. At the present day it is employed as a 
transparent lirc-resisting medium in the doors 
ol stoves and furnaces, and for lamp-shades and 
gas-cover.s. It is also used for the dial-plates 
of coni})as.ses, whde in the East, especially iu 
India, it is applied to various ornamental pur- 
poses. Ihiintings on mica, executed by native 
artists, arc well known to collectors. Khcots of 
mica, used as a decorative material^have been 
found in the iirehistoric mounds of the Mississippi 
Valley. 

Many other practical uses of mica might bo 
mentioned. Its most extensive apjilieation at 


micas also <)('ear in mica-sycifito, miea-jairphyiy, j tlic present day dejicnds on the fact that it is a 
and trachyte ; w^hile sharjily developed crystals ! bad conductor of eleetrieiiy. The smooth, 
are not uncommon in the ejected blocks of 1 flexible sheets are used in the construction of 
Monte Sorama. The Vi-suvianMark micas were j the armatures of dynamos and in other parts of 
termed by Breithaupt mcrvxcnr, and this name I electrical inacluncr}* and instrumrAts. Exten- 
has been revived by Tsehennak for all the true I sive use is also made for insulating purposes of a 
biotites, while he uses the term anomite to dis- ! manufactured material known as micanite or 


tinguish a similar mica, differing only in optical micanita cloth. This consists of scraps of mica 
characters. Jiuhdlanc, an opaque red mica from cemented by shellac on to cloth or paper, 
certain volcanic rocks, is merely an altered The preparation of mica for the market is 
biotite, which has lost its elasticity. In lepido^ very simple. The blocks of rough mica, having 
melam^ the aluminium of an ordinary biotite is been freed from associated minerals, or dressed, 
largely replaced by iron, and the mica becomes are^ split into plates, which are then ‘ scribed,’ 
black and is attracted by a powerful magnet, j or marked out into patterns, and along this 
Heddle’s haughionite of the Scottish granites, j scribing the mineral is cut by means of shears, 
differs from biotite by containing less magnesium, | A good deal of refuse is necessarily produced. 
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This mica-wtLHto is ground and used as a 
lubricating agent, and as an absorbent for nitro- 
glycerin in the preparation of certain oxjdosives ; 
it has also been employed in the ornanicntatioii 
of wall-papers, and to a limited extent as a sub- 
stitute fo|^ asbestos. ■ 

Jiffdrences . — 1'. 11. Holland, The Mica Do- j 
posits of India (Mem. (leol. Survey, India, H)02, | 
34, 11-121). 'J'he Mining and JTepnration of; 
Mica for (Joininerciai Turposes (Hull. Impel nil 1 
Institute, 11104, li. 27H-201 ). , F. Cirkel, Mica, its ' 
Occurrence, MxpJoitation, and Uses (Mines j 
Branch, Ottawa, lOOr), 148 pp ; 2nd ed. by i 
if. S. de Seliniul, iO J 2, ])ubl. Ivo. J 18, 41 1 pp.A\ith | 
31) pis. and 22 irnijis). (f. H. Merrill, The Non- I 
metallic Mincials, 2nd od. 1010. O. W. C'olles, 
Mica and the Mica Industry, Philadelphia, lOOti. | 
Mica, Imp. Mineral Besources Bur, London, i 
1022. L. ,1. ,S. 

JVIICHLER’S KETONE. Tetiamethyldia- 
niinobenzo])henone aii, Kktones. 

MICROCIDIN, The sodium snltol /Lnnjihthol 
used as an antiseptic. 

MICROCLINE n. Teuspak. 

MICROCOSMIC SALT. A )tiinonin'in soduDn ' 
hf/(Jr(Hj(‘n phosphate N4l4*NaHB()^,4HoO, used 
as a lliix in blowjiijie tests. 

MICROLITE. I'vio-tantalate (andcolumbate) 
of calcium (sodium, itc }, u]i])Toximating in 
composition to 3Ca/ra_,( ), NaK The mineral 
crystallises as regular octaluMlia, often minute 
III size, hence the iianu'. They are yi'llow to 
brown with a resinous lustre, and tranH])arent 
to opaque. Np.gr. r)'2 .7 0, 11, bL 'I'hc miiK'ral 
is not attacked by hydiochlonc acid, but is 
slowly deconijiosed by sulphuiic acid. It is of 
rare occurrcnco in granitic au<1 syenitic }iegma- 
titos, and has been found at (Jhesterlielcl in 
Massachusetts, in 1,h(' mica minea at Amelia 
Oourt House in Virginia (here as good crystals 
an inch across and as Kuigh erv.stids up to 4 Ihs 
in weight), Uto in Sweden, .Juhaiiehaalt district 
in South (Irceiiland, Elba, Mailaga.scar, and 
Western .Australia. L. .). S. 

MICROSOL. Trade name lor an antiseptic 
imido by mixing a .solution of crude suljdiojibeiio- 
lic acid with copper carbonate, 

MIDDLETONITE r. Resins. 

MIEMITE. A dolomite of an asparagn.s- | 
green e-olour loiind iii Tuscany, r. Dolomite. 

MIERSITE V. JoiiYiUTE. 

MIGRALGINE. 'I'ludc nanio for a mixture 
of antijiyrinc 88 paits, calleine 1) parts, and 
salieylie acid 3 jiarts, fused together. 

MIGROL. A eompouml of pyioeat<‘chm ' 
and pyramidone. 

MIKADO ORANGE, -YELLOW r. Azo- 

C'OLOURINa MATTERS 

MILK. i\ljlk is the term usually re.strietod 
to the liquid secreted by the mammary glands 
of the class 'of ammals called mamiunha. Cer- 
tain secretions, however, which are produced 
by birds and by some species of plants moie or 
less resemble ordinary milk in their general 
physical and chemical characters. 

Milk is generally white in colour, with a 
faint yellow or bluish tiugo. The yellow colour 
is due jiartly to lactoolirome (probably identical 
uith uroehroine) and partly to the milk, -fat 
which contains yellow pigments accompanying 
chlorophyll in all green plants ; of these, 
xanthophyll, and more especially carotin arc 


the most important ; fresh green grass eontains 
most, and gives the highest coloured milk-fat 
(Palmer and Ecklcs, J. Biol. Chem. 1914, 17, 
191). 4’ho white colour of milk is probably due 
to the peptisation of calcium phosphate by col- 
loids. Millt IS homogeneous and opaque, the 
opacity being due to particles of fat (milk 
globules) and 1<> caBciii, the characteristic 
protein of milk, ivhieh in combination with 
lime and calcuiin phosphate exists in pseudo 
solution. When fiesh it has a characteristic 
aroma. Immediately alter drawTiig, it has m 
addition a faint odour of an exhalation from the 
skin which disa])])cara on exposure to the 
atmosphere 3’hc spgi. of milk in general 
vanes between 1 918 <ind 1*045 (Scherer) ; that 
ot human milk av(‘iage.s f*032 (tSiinon), f*032<i7 
( 1 •02.50f -J ■04()48) (ViT-nuis and Beoquerel), 
1*0313 (J *0353-1 •02()0) (Leeds, Lhein. News, 
50, 203) ; that of cow’s milk vanes between J *029 
ami J*033 (Bouehaidai and Quevenne), The 
average of Engli.sh comb’ milk is 1*0322 (Victli), 
ol Leriuan cows 1*031 (Fleisehmami). 'J'he sp. 
gi. ol freshly draun milk gi.idually increases on 
standing, due probably t.o sonic duingc ui the 
jiliysieal .state of the fat (i’. mini) 

1 'I’he specific heat of milk is 0 90, varying 
; slightly according to the percentage of fat 
(Richmond) and 0 9457 (Eleischmann, J. Laiidw. 
j 1902, 50, 33), and it attains its maximum density 
I hi'twccn 0'-' and J" (Ficischmanri, li. V. iS.‘ J7, 
251). 'I'hc rclructivc index of cow’s milk was 
found by N'aUnitin (Plk Aich. 1 579, 78) to average 
1 35 with Abbe's rcfraetomctci, 'I'be reiiactive 
index ol liumaii milk varies fiuiri 1*3475 to 
1*3491, maxiiiuim 1*3518. Joigenssen (L. 3. 
J 1, 099) lound the refiai live index ot 23 samples 
of milk to vary from 1 347 to 1*3515; on the 
other hand, 29 .samples of whey gave indices 
varying fioin I *3405 to 1*3433. 

'riiofiee/aiig-pointof milk is —0*54'^ to —0*68'" 
mean —0*554'' (Beekinaim, Milch. Zeit. 23, 702 ; 
Lajoux, J. Pharni. Chim. 1905, 577), —0*550° 
to - 0*574° (Hainbuiger, Rec. trav. chim. 1890, 
349); —0*55° to —0*57° (Winter, Lompt. rend. 
1895, 121, 090) ; -B*55° to -0*59° ((’arimfanti, 
Dazz. chim. ital. 1897, 400); —0*55° ±0*03“ 
(Atkilis, Chem. News, 1908, 97, 241) ; —0*545° 
to -^0*505° (average — 0*550'') (Maelaiinn); 
—0*529° to - 0 577° (Leather). In the case of 
a milk frei'zing at - 0*555, the addition of 5 p.c. 
ami 10 p.c. (»1 water raised the freezing-point to 
-» 0*5 19° a ml - 0 *490° respectively. The average 
freezing-point ut 141 samples of genuine milk was 
found by Monier-Williamstobe —0*534° ±0*002° 

! (corr.) — the values ranging from —0*558° to 
I - 0 514° (eojT.). 

! The viscosity of milk depends upon the tem- 
jieiaturo, but the liiramution in viscosity with 
rise of temperatWo is much more rapid in milk 
than m water. For the electrical conductivity 
ot raiUv i\ Coate and Sbelbourn, Analyst, 1919, 

; 158. 

The reaction with litmus vanes according 
to the species. Human miUi. is normally alka- 
line, whilst that of the carnivora is generally 
acid. Cow’s milk, in common with all liquids 
containing both neutral and acid phosphate, 
m solution, is amphoteric — i.e. it wiU ex- 
hibit both acid and alkaline reactions. It is 

^ L. V. 8. “ Landwh thschaftllche Versuchs-Sta- 
tluucQ. 
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alkaline to nif^thyl orange, amphoteric towards 
litmus and acid to phenolphthalein With the 
recognition of the facts that litmus is an acid 
of appreciable strength, and that tho change of 
colour is due to a sotting up of equilibrium 
between the bases combined with the phosphoric 
acid and litmus respectively, tho amphoteric 
reaction of milk is simply explained. All milks 
are acid to phenolphthalein, tho average degree 
of acidity oi cow's milk being about equal to 20 
c.o. of normal acid per litre ; the exact degree 
varies slightly according to the amount of 
phenolphthalein used, and tho temperature. 
The original acidity of milk is due to tho free 
casein it contains. When lactic fcimiMitation 
sots in tho mereasi! m the acidity is duo, m tho 
first place to liberation of casein from calcium 
casemate and to conversion of dicaleium pbos- 
pliate into the monocalcmm salt ; it is only aflci 
acting on these salts that the lactic acid affects 
methyl orange (liordas and Toiiplain, ('onqit 
rend. 1911, 152, 1274 ; c/. van iSlyke and Ikilu r, 
J. Biol. Chem. 1919, 49, 345). 

Abnormally, milk may he bluish- white, deep- 
yellow, brown, jnnkish-n'd, blue, or black m 
colour, watery, slimy, stringy, sandy, or hetero- 
geneous in consistency, putrid or otherwise 
offensive in odour, and salty, sour, bitter, or 
astringent in taste. 

Tho bquid secreted by tiu5 female imnic- 
diately before or after ])artuntion is termed 
colostrum or beestings, and difters considerably 
from normal milk in both jiliysical and chcniKuil 
characters. 

Com 2 Msition . — The ancients w<>re acquainted 
with only throe of the constituents of milk, viz. 
fat, casein, and water. Bartoletus of Bologna 
(1919) discovered a fourth constituent, the 
‘ nitruin son lactis,’ afterwards renanu'd hy 
Testi (1(19H) zuvehern di laih' (sugar of milk), 
Geoffrev (1737) separaiial the soluble salts and 
identified sodium chloride among tJiem. Sehoele 
(1780) found calcium phosphate in the ash. 

At tho present time the following sub- 
stances are stated to bo normal (amstituents of 
fresh milk. 

(a) Prnleinff ; Casein, opahsin (Wroblewski, 
Zeitsch. physiol. Chem. 1898, 308); abd the 
mucoid -protein of tStorcli (Analyst, IHOT, 148) ; | 
albumin (lactalburnm) ; globulin (Sebelien. ! 
Zeitsch. C^hem. 9, 445 ; Hewlett,.!. Physiol. 1892, 
13, 798; Arthus, Arch. Physiol. J893, 073; 
Osborao and Wakeman, J, Biol. Chem. 1948, 
33, 243). 

(i) E 'j tractive matters: Urea (Lefort, 
Compt. rend, 02, 190) ; creatinine (Weil, Ber. 
11, 2175); traces of lecithin, cholesterol (0 01 
to 0*018 p.o.), and hyjioxanthine (Schniidt- 
Muhlheim, P. Arch, 30, 379) 

(c) Organic acids: Lactic acid (Marchand, 
.1, Pharm. Chim. [iv,] 29, 311 ; Hojipe-Seyler, 
Virch. Arch. 17, 443 ; Manetti and Musso, 
Zeitsch. Cdiem. 10, 397), though it is doubtful if 
this exists in perfectly fresh milk ; catric acid 
(Henkel and yoxhlet, Bicd. Zentr. 17, 787); 
acetic acid (B^champ, Compt. rend. 76, 830); 
orotic acid (Biscaro and Belloin, Mon. f'seient. 
[iv.] 19 ; i. 384 ; and Ann. Soc. Chirn. Milano, 
11,1905). 

(d) Carbohydrates: Sugar of milk, and 
a second carbohydrate discovered by Ritthauson 
(J. pr. Chem. [i.] 57, 348). 


(e) Other organic bodies: Alcohol (B6- 
champ, Compt. rend. 70, 830) ; lactochrome, an 
organic coloimng matter (Blyth, Chem. Boc. 
Trans. 1879, 531) ; and a bitter principle. 

(/) Inorgavic acids (in combina- 
tion): Phosphoric, hydrochloric^ sulphuric 
(Musso and Bchmidt, Bied. Zentr. 1179, 805) ; 
thiooyanic (Musso) ; but its presence is accidental 
from mu.stard oil in food (Btoeeklui and Cronhe- 
telle, (lompt, rimd. 1910, 150, 1530). 

Enzyme‘s . — A proteoclastic enzyme (Babcock 
and Russell, J4th Ann. Report, Wisconsin, Exp. 
Stat. 1897) ; an oxydase, a catalase (Loew, Zeit, 
Biol. 1902, 250 ; Wender, Clicm, Zentr. 1903, i. 
.592), a reductase (Sebardinger, Zeitsch. Nahr, 
(jlciiussm. 1902, 11 1.3 ; Reiss, Chem. Zentr. 1905, 

1 . 004). and a kinase (Hongardy, Bull. acad. 
Roy. Belg. 1900, 888). Wohlgemuth and Stiicb 
(Sitzuncsbi'r. K, Akad. Wiss. Perlm, 1910, 520) 
state that eaVhohydrnle and fat-a])btting cn- 
I zynies are present, also oxydase, naluctase and 
I calalase, but show^ that proteoclastic enzyme is 
due to baeteria ; there is a glycyll ryptophan 
enzyme, Tromsdorfl ((^hOt, Bakt. Jkir. 1909, 

I , 291) linds no lediictase in quite fresh sterile 
milk, liordas and 3’ouplain ((Vmipt. rend. 1909, 
1057) reject the enzyim* nature of peroxydase, 

i and state that the reactions arc du(‘. to casein. 

(g) Basts: Potasii, soda, lime, ferric oxide, 

1 magnesia, ammonia (Latsi-henbcrger, J. 14, 222). 

; (li) (tases (in solvtimi): Garbon dioxide, 

I oxygon, nitrogen. 

The carbon dioxide content varies over a 
wide range : a normal value is about U) p.c. by 
volume. Probably the carbon dioxide of milk 
is present us a mixture of 1 part of carbonic acid 
to 2 of sodium biearboiiate (Van Blyke and Baker, 

J. Biol. Chem. 1919, 40, 335). The carbon 
dioxide content of milk might afford a means 
of distinguishing heated from normal milk. 

Microscojac r/?uroc/cr';.— • Vicw'od under the 
microsecqie tiesh milk ajipeais as a clear colour- 
less liquid in which ate suspended — (o) milk 
globules and more rarely (b) granular bodies, tho 
Ho-ealled colostrum eorpiiseles. Heidonhain 
(Handl). diu* Phys ) states that tho following 
inorphologieal structures have been observed 
in human and to a less ('xtent in eow-’s milk : — 

(1) Bemiglobular fat drops wdth a finely 
granular substance. 

j (2) Clear Wills containing one or tw'^o fat drops 
and an eccentric nucleus. • 

I (3) Round clear bodies easily coloured by 
oosiii and picrocarniino, sujqioscd to be free 
nuclei. 

(a) milk globules may vary in diameter 
fiom 0*01 to t)*(K)15 Him., but generally range • 
from 0*005 to 0*0033 rnra. 

According to Bohr (,). 1880, 183) the diameter 
may vary from 0*0063 to 0*00014 mm. 

Under the highest pow ers of tfie microscope 
they apjiear merely as more or less irregularly 
shajied globules of fat, without the laintest 
trace of a limiting membrane ; nevertheless, 
all the earlier observers (Hcnlo, Mitscherlich, 
Udimann, Molescbott, &c.) believed in the exist- 
ence of an external envelope, principally be- 
cause ether, when shaken up with milk, will not 
il^solvo out tho fat iinlwis acetic acid or potash 
18 previously added. These substances were 
supposed to dissolve tho enveloping membrane 
of the globules and release the fat. This view 
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has been again advocated by Struve ( J. pr. Chem. 
[ii.] 27, 249), who thinks the globules have a coat 
of insoluble casein ; by Babcock (Milch. -Zeit. 
17, 809), who states they are covered with an 
envelope of milk-fibrin, and by B6champ (Compt. 
rend. 107,, 772). Storch (Analyst, 1897, 198) 
affirms the existence of a semi-gelatinous mem- 
brane ; but his conclusions have been adversely 
criticised by Richmond (Analyst, 1897, 207 ; 
1904, 183) and Wood (American Medicine, 1907, 
416). 

The weight of evidence appears to be 
against the existence of a solid membrane. 
Boxhlet holds that the milk is a 8im])le 
emulsion of fat particles with casein, calcium 
phosphate, &c., and that the addition of 
acetic acid or sodium carbonate deprives the 
casein of its emulsifying ])Ower. lie found 
that when a small quantity of other was added 
it also entered into an emulsion* with the fat 
and casein, and only separated out with 
(!xtreme slowness. If a large excess of ether or 
a mixture of ether and alcohol is shaken up 
with milk, the fat is completely extracted, 
without any previous addition of acid or alkali, 
whereas benzene and chloroform, which are 
equally good solvents foc’ fut, will not extract it 
from the globules even after the addition of 
potash. If acetic acid is added to the milk in 
quantity ]ust sulficient to convert the phosphates 
jiresont into acid jihosphates, but not to co- 
agulate the milk, the fat cannot bo extracted 
with ether. If a current of (j()^ is then jiassed 
through the milk, coagulation ensues and the 
fat can very reachly be extracted with ether. 
The COj cannot bo supjiosed to be capable of 
dissolving any membrane (L. V. S. 19, J 18). If 
milk be dried in a vacuum over 112804 the fat. 
can easily be extracted from the residue with 
other, but if the residue is redissolved in water 
the solution resists the action of the etlu'r. 

Duclaux (('lumi. Biol, (it»7) finds that if the 
globules arc kcjit warm wdiile iimlei the mieio- 
seope, they may be .squeezed out and broken by 
]ireasmgon the cover glass, and altered globules 
onlv differing in size from the original ones. 
Babcock (Milch. -Zeit. 15, 393) also found that if 
milk bo heated to 100° and whijiped, the glo- 
bules are doubled in number but ])resent the 
same microscopic outline as ladore. By passing 
milk through small uritiecs under great pressure 
(hoinogenisirtg) the fat globules can be broken 
Uj) into very minute particles. From the above 
facts it is certain that the only luombrane is a 
liquid layer condeused round the globules by 
the surface tension. Refer also to iJe Siiicty 
(Arch, do Rhys. 1874, 479), Herer (J. 1871, 120), 
lloppe-Seyler (Arch. Path. Anat. 17, 417). The 
milk globules consist mainly of various fats, but 
analysis shows the presence of traces of choles- 
terol, lecithin* and of a yellow colouring matter 
spectroscopically identical with lutein. 

{h) The colostrum cells or corpuscles occur 
very sparingly m normal milk, but abimdantl}' 
in the colostrum. They consist of irregular 
conglomerations of very small fat vesicles em- 
bedded in a granular protoplasmic matrix ; oc- 
casionally one or more eccentric nuclei may be 
observed. They are about four or five times 
large as the milk globules, the diameter varying 
from 0*014 to 0*055 mm. Heidenhain (Handb. 
der Phys.) finds that if a drop of w arm perfectly 


1 fresh milk be examined on a Strecker’s warm 
I stage, and the temperature regulated to 38°C. 
I amoeboid movements of these cells can be ob- 
I served resembling in all respects those of the 
1 white blood corpuscles, from which indeed 
! Heidenliain considers them to be derived by a 
. process of infiltration with milk fat. 
i The fat of these corpuscles is much more 
I readily dissolved by ether than that of the milk 
! globules. They are disintegrated by potash or 
acetic acid, iodine water colours them intensely 
yellow*, hence they consist of very small glo- 
bules of fat (‘m bedded in an albuminous sub- 
stance. 

Ahnounal milk may contain hematin, 
biliary colouring matters, mucin, blood cor- 
jmsclcs, pus, mucus, fibrous clots, and many 
varieties of fungi and bacteria. 

For a method of detecting ahnonnal milk 
dej lending on the colour produc<>d on adding a 
drop of a saturated aqueous solution of dibromo- 
o-cre.sol-Hulphou-phihaleiii to 3 c.c. of milk, 
ftee Baker and Van Biyke, J. Biol. Chem. 1919, 
49, 357. On the addition of c.c. of the 
saturated aqueous solution of tlu* <lyc to 3 c.c. 
of the milk a coloration is developed ; greyish 
blue with normal milk, dark blue with a lower 
content of acid, and light green to yellow witdi 
a higher content. The higher content of acid 
may be due to formation or addition of acids, 
acid salts, or fornmkh'hyde, or too great a degree 
of pasteurisation. Tt the colour is bluish, the 
milk IS fioin an inflamed udder, or is walcied or 
dcjtrived of cream, or alkali has been added (Dc 
Vries, Analyst, 1929, 4,W). 

Chamjvs in milk . — Milk oommcnces to 
undergo cljangi' from the moment it is drawn. 
If Ic-ft cxposcil to the air it very soon loses its 
dissolved (’0^ and takes up t>xygcn. Cow’s milk, 
111 which the alkaline reaction is said to be more 
dist inct whilst 111 the udder, soon shows the acid 
reaction markedly. (Jn standing for a time a 
thick yellow ish-w hite stratum, rich in fat, collects 
on the siiifacc (cream), whilst the lower portion 
becomes bluish -w hite, poorei in fat, and increases 
insp.gr. Recknagcl (Bied. Zentr. 1884, 19) finds 
that 2 or 3 hours after the milk has been drawn 
the sp.gr. commences to rise, the milk attaining 
its maximum density in 9 hotirs if the tempera- 
ture is kept down to 5°, but only after the lapse 
I of 2 or 3 days at 15". This propci ty he con- 
siders to be due to the swelling up of the casein 
simpendod in tlie milk. Vieth (Milch. -Zeit. 18, 
141) found the average sp.gr. of 15 samples to be 
1*9296 half an hoiii after milking, and 1*0309 
19 hours later. 

This x>henoincnon is chiefly, if not wholly, 
due to the slow* solidification of the fat globules ; 
fat ill the liquid state has a density of 0*92, and 
when solid of 0 91]?, and the experiments of H. 1). 
and 8. O. Richmond (Dairy Chemistry, 338 ; 
and Analyst, 1901, 117) prove that the fat melts 
at about 32"-34", and the liquid globules slowly 
solidify if cooled below* this temperature. 

If milk i.s cooled to 10" it acquires a viscous 
consistency which increases rapidly as the tem- 
perature falls. Hoppe-8eylcr (rh. C. 723) states 
that on standing the quantity of albumin falls 
and that of casein indreases. 

On boiling, COj is expelled, and it is stated 
that H-jS is also given off (Schreiner, L. V. S. 22, 
60 ; Rettger, Amer. J. Physiol. 1902, 450 ; Utz, 
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Miloh..Zeit, 1903, 364). Arnold (Bied. Zentr. i bv the amounta of magn«B\um, citrates, and 
1882, 131) states that unboiled milk colours ! ^osphates present (Sommer and Hart, J. Biol, 
tincture ot guaiaoum blue, but that boiled milk i Chem. 1919, 40, 137) ; Cazeneuve and Haddon 
does not ; potassium iodide and starch are I (Compt. rend. 1896, 120, 1272) attribute this 
rapidly turned blue by unboiled milk, but only to the formation of formic acid by the action 
slowly by boiled milk. of heat on lactose ; but Bardach (Monatsh. 1897, 

These reactions are due to the oxydase 199) shows that the formic acid produced is 
present in milk ; there are, however, a large insufficient in quantity for this, and find that it 
number of other reagents, which, when added is duo to complex changes in the casein, 
to fresh milk, givfe on addition of a little hydrogen On slowly freezing milk, the ice hrst formed 
peroxide coloured oxidation products; among contains a greater proportion of fat, but the 
these may be mentioned paraphenyleno diamine mother liquor coiHains more casein, milk-sugar, 
(DupuovI J. Pharra. Chim. 1897, 397 ; Storch, and salts, but if the freezing takes place quickly 
Bied. Zentr. 1898, 711; LefEmann, Analyst, the fat is equally distributed (Kaiser and 
1898, 85); metaphenylene diamine (Richmond Sclimcider, Bied. Zentr. 1887, 257). 
and Rosier, Analyst, ' 1 909, 231); ortol (ortho For composition of ice formeil on freezing 
inethylamino phenol and quinol) ; Saul (Brit, j milk, cf. ^ letli, Analyst, 1891, 0.5; Bordas and 
Med. J. 1903, 1)04); benzidine (Wilkinson and , de Raezkowsb, Cninpt. rend. 1901, 133, 769; 
Peters, Zeitseh. Nahr. Oeiiussm. 1908, 172) ; i Richmond, Analyst, 1893, 53. 
most photograpliic dovelojiers (Macadie, Pharrn. ! If, however, the milk is agitated, the milk-ice 
J. 1907, 207 ; cf. also Siegfeld, Zeitseh. angew. ■ is richer than the mother liquor in slow freezing, 
('hem. 1903, 7(»4). : but more watery and poorer m both solids and 

As in ali fairly alkaline liquids, the alkaline fat when quickly frozen (Henzold, Milch. -Zeit, 
reaction in cow’s milk becomes more evident 15, 401). 

while hot (Hoxhlet, J. pr. (^hem. fii.] 0, 1), but Sonrimj of milk.—UmUr certain eircum- 
reoovors its previous intiMisity on cooling, stances, the homogeneous stnicturo of milk 
Boiled milk also coagulates loi^s readily, and undergoes a change, and a curd is thrown down 
is loss sensible to tlie action of ferments and in the form of a (loeculent or compact precipitate, 
bacilli f Richet, ( lompi. rend. 88, 750). Very con- This change is termed curdling or coagulation, 
siderable chemical change must therefore have and is caused by tlio development of lactic acid 
taken place, but it is still not very clear what is 1 by the action of micro-organisms, e.g, the 
the nature of this change. j B. acidi lacHci, which are constantly present in 

According to Gross('r (Bioehein. Zeitseh. | milk, even when drawn from the udder (Hueppe, 
1913, 48, 427) the milk from which the cream i Bied. Zentr. 85, 408), and precipitation of the 
and colloids have been removed, is not a])preci- ! casein. 

ably affected by boiling so far as regards its ! Spontaneous coagulation is characterised by 
freezing-point, phosiihoric acid and nitrogen tlu' gradual souring and thiekening of the milk ; 
content, whereas in liunian milk the phosphorus it takes place mon^ readily when the tempera* 
and nitrogen sink considerably on boiling. ture is raised, and w hen the atmosphere is 

If heated over 00° milk acquires a slimy charged with electricity, 
consistency, which has also biMui attributed to a | Soxhlet found fresh milk to eoagulate in 19 
change in the state of the siispendeil casein ; this j hours at 39'^ ; in 29 hours at 25° ; in 48 hours 
slimiuess retards the suiiscqueut separation of { at 20°; in 03 hours at 17‘5°; in 88 hours at 
cream. l 15°; m 99 hours at 10°; and ho kept milk for 

By heating milk to 100° (or even to lower i U days without much change in taste at r-2°. 
temperatures) the rising of cream is hindered { Though the nature of the organisms varies 
(Cazeneuve and Haddon, Bull. Soc. chira. 1895, the amount of acid produced in a given time at 
13, 500 ; Richmond and Bosely, Analyst, 1897, any temperature is fairly constant {cf. Thorner, 
95). ‘ . I Cliem. Zict. 1891, 1108; Van Slyke and Hart, 

When milk is ovajiorated in a vacuum at the I Amer. (3icm. J. 1904, 145). Richmond and 
ordinary temperature, or at the ordinary pressure ! Miller (Analyst, 1907, 144) have ])lottcd out a 
at a temperature of .50°, a skin gradi^lly forms j curve showing the relation of acidity and time 
on the surface and is renewed as often as it is } at 20°, and state that at othei' temperatures the 
removed. This skin is due to the desiccation | form of the curve remains the same, but the 


of the proteins by the surface evaporation, and j 
to tho concentration of the hydrogen ions. It i 
was formerly thought to eonsi-st of albumin j 
only (Hoppe Seylcr, Virch. Archr 17, 417), and 
tho statement was made that, on boiling milk, 
the albumin separated out p but Sembritzki 
(Pogg. Ann. 37, 400) found that by continually 
removing the skin, be could obtain 1‘023 p.c. 
of the milk in that form. Since the .albumin is 
not present in such quantity, it follows that 
some other body such as casein must enter into 
its composition. 

When milk is heated at from 130° to 150° 
it coagulates, tho temperature varying with 
different samples of milk, depending on the 
composition of the salts of milk, casoinogen 
requiring a definite optimum calcium content 
■for its maximum stability, b(»ing largely governed 


time taken to reach a given point increases (or 
decreases) 2*075 times for each 10° above or 
below 20°. Tho curve is logarithiiiie up to 45° ^ 
acidity, at which point a break occurs ; this 
ajipears to be dui? to this being the ]>oint at 
which tho niHsro-organisms do not increase 
(Revis and Payne, .1. Hygiene, 19(10, 210) ; from 
this point the development of acidity is expressed 
by another parabolic curve. Revis and Pajjme 
{t.c.) conclude tliat as milk turns sour, calcium 
phosphate is B])ht f>fi from tho casein complex, 
and when curdhng takes place practically all 
the calcium phosphate is removed. 

Though the lactic fermentation is the most 
common in milk, other sabstances are produced 
by the action of micro-organisms ; both d- and 
Mactic acids are produced, and acetic, propionic, 
and butyric acids may be formed {cf. Kozai, 



306 


MILK. 


Bied. Zentr. 1903 ,* 273 ; Tissier and Gaetling, 
Ajin. Inst. Pasteur, 1903, 540 ; v. Frcudenreieh 
and Jensen, Centr. Bakt. Par. 1900, 529 ; T}ior})e, 
Chem. Soc. Trans. 1905, 200; Richmond and 
Miller, Analyst, 1900, 317 ; Boyerinck, Pipe. K. 
Akad. Wetensch. Arasterdani, 1907, 17), and 
succinic aa'd, together with ammonia and tri- 
mothylaminc lias been found in U\o cases hy 
Kozai (hr.). Alcohol iii small quantities is 
almost always jireseut lu sour milk, and usually 

S roteolysis occurs (r/. Ko/.ai, and Biehnutnd and 
lillcr, hr.; Pennington, J. ihol. Chem. 190S, 
353). 

The small quantity of citric acid [u-eseritin milk 
is converted into acetic acid and carbon dmxuh' 
by tlic action ol /i-hirO'.v urrfx/r?ir,s, 2 molecules 
of acetic acid being formed for every molecnki 
of eitric arid jiresent. Tlio greater number of 
the micro-organisms nu't with in milk nlleid the 
nitrogenous (’uiistitucuts. Most of them cause 
a deerense in the amount ol casein ; Avith soiiu' 
there is ati increase in the alhuiniii ; with otheis 
a decrease in the albumin and little or no de- 
iToaso in the casein (Hiijijilee, Kiill. Agnc. Intell. 
1918,9,990). 

When milk is boiled for some time, iin>.sl of 
the organisms contained in it aic destroyed, and 
spontaneous eoagulatiort cannot occur unh’ss it 
is again impreguatod by contact with tlu' air. 
A tempil’al.urc of 100° is, however, insnflu itud. 
to destroy all the organisms ])ieseiit in imlk 
Duclaux (L(i Lait, Paris, 1887) kept milk un- 
changed for 5 yiiars by removing all the air 
from the vessel, and suhsequently by heating to 
120° for some lime. 

SpoutatieouR coagulation is retarded hy the 
addition of antiseptics, wliicli inhibit the action 
of the bacilli themselves, and also by alkaline 
substances wlindi merely neutralise the aenl 
formed hy their action. As antiseptics the 
following Huhstances arc sometimes addial to 
milk, VIZ. boric acid, salK'ylu! amd, foim.dde- 
hyde, hydrogen jieroxide, bem/oabis. tVe. (Jb)r 
a quantitative study of the action oi prcscuva- 
tives, (•/. Uielimond and Miller, Analyst, 1907, 
144 ) 

When milk is pasteurised at a temperature of 
r»2-8°C. (145°F.) for 30 minutes, it does not 
undergo any appreciable chemical change. 'Fhe 
quantities of pliosphoric acid, calcium, and 
magnesium in milk pasteurised at (i8’3°(I. 
(155°F.) are practically the same as in raw 
milk. 'The ftlhurnin is not coagulated at 02'8°(k, 
but at 05'tk’(l. (150°F.) 5-75 and at ()8-3°('. 
12'75 p.c,, and at 71T°C. (100°K.) 30*78 pc. of 
the albumin is rendered insoluble. The time 
required for coagulating tlic casein hy leiiniu 
IS slightly less in milk pasteurised at tempera- 
tures up to Gr)°(j. (149°F.) than it is in the case 
of raw milk; at 7r)°C. (1()7°F.) the time is 
almost doubled. The acidity is slightly dimi- 
nished in pasteurised milk (Rup]), U.S. Bept. 
Agrio, Bureau of Animal Ind. Bull. 1(30, April 22, 
1913, 1 ; J. Soo. Chcin. Ind. 1913, 32, 880). 

Coagulation hy acids. — Most acids coagulate 
milk in the cold, more readily when heated. 
1 p.c. of acetic acid is required to precipitate 
milk fully at the ordinary temperature, hut 
0*4 p.c. is sufficient nt 35° and 0*2 p.c. at 
100°. Even carbonic aidd will coagulate miik 
at an elevated temperature. Duclaux {he Lait) 
found that on saturating milk in the cold 


with COg and heating it in a closed vessel at 
115°-120°, coagulation ensued. 

Many salts such as NaCl, MgSO^, &c., 
coagulate milk. Alcohol and acetone act in a 
similar manner. 

Coagulation hy rennet. — This is by far the 
most im])ortant of all the methods of coagula- 
ting milk, and the phenomena merit the closest 
attention. iJnfortunalely the action is very 
com))lex, and there still exists some divergence 
of oianion as to its nature. Tlic old theory, 
tliat coagulation was in this case also preceded 
hy the formation of lactic acid, held hy Simon, 
Liebig, Soxhlet, &c., is now entirely abandoned, 
and it IS generally admitted that the action of 
icnnct dc])cnds upon the speeilic pro])erty of a 
chemical feimcnl present in it. This was first 
isolated hy Deschamps (Dingl. ])o]y, J, 1840, 
4 . 45 ), who termed it c // n.s 1 in Dammarsten 
(Bulk Soe. ehim. |ii | 22, 352) fully in vt'stigated 
the ju’operties ol this ieiment. D(‘ fourul that if 
do('s not. give the xanlhoprotein reaction, is not 
precipitated liy nitric acid, alcohol, lodiiu', 
tannin, nor by neulral acetate of lead, hut it is 
]H'eeipitated h\ basic lead acetate. Jt is nof 
coagulaterl a(, ilHl", but its eftn’ieney is d('- 
stroyod. It is soluble 111 water and glyem’ol ; 
the latter .solution is ])ieci])ituted hy aleoJiol. 

Jlammarsten (J. JMuiini. (!him, 5, 207) further 
jiroved that it could coagulate milk even in the 
a.bsenc<‘ of uculs or ot milk sugar, and that the 
jirecquiate obtained differed ni many impoifant 
particulars from that thrown down hy acids. 
Jleiiil/. showed that renncl. could produce coagu- 
lation evc'ii in solutions I'ciidereil alkaline with 
sodium oarbonate, provided the temperature 
were raised to 05° {cj. Bang, fSkand. Archiv. 
1‘hysiol. 1911, 25, 105; abstiacted in J. Hoe. 
Chem. Ind. 1911. fi.j 820). 

9'he feimeiit is inaetivo in the cold, and 
when ]U(\s(‘nt in only very small quantity. 
Hammarsbui has pioved tliat it cannot precqii- 
tate a solution of casein unless a small amount 
of certain soluble salts is present ; the salt may 
be ])hos])hate or chloride or sulphate, but it is 
essential to have it 111 solution ; calcium phos- 
phafe in suspension is cntiicly useless. Hmall 
({uantities of sodium jihosphate, potassium 
chloridv, the soluble barium, Btruiitium, calcium, 
and magnesium salts promote the action of the 
Icnueut . larger quantities have, however, an 
adversi' mfliumce. The gieat majority of the 
Hodium, potassium, and ammonium salts in- 
vaTiablv retaidthe action ot leiinet (c/. Mallanhv, 
J. Physiol. 1912, 45, 345). 

Halliburton {ibuL 1899, 11, 448) and Ringer 
[ihid. 1891, 12, 1()4) have shown that the ferment 
splits up the jirotem, and the curd is precipitated 
owing to its insoluble lime salt. 

The presence pf alkalis and alkaline carbon- 
ates either delajs or entirely prevents coagula- 
I tion. Small quantities of acids, on the other 
1 hand (except boric), hasten the action (A. 

I Weit/.cl, Arbeiten a. d. Kais. Gesundheitamt, 
! 1902, 19, 120). 1 p.c. of lactic acid greatly 

! accelerates coagulation (Engling, L. V. S. 31, 

, -Wl)- 

; Paw low and Paiastchouk (Verb. d. Vers. 

, Nordicher Naturfor. 11 . Artze in Helsingfors, 
. 1902, 28) have put forward the view that as 
^ many ferments contain a rennet-liko body, 
rennet is not a special ferment at all, but that 
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the property of curdling milk is shared by all ! 
proteoolastio enzymes. Sterile milk (acidity 
20-22) will not clot if treated with sterile rennet j 
in sterile vessels (Kreidl and Lcnk, Biochem. i 
Zeitsch. 1911, 30, .357). 

Constitniion of milk . — (Chemists have hitherto 
been unable to agree with regard to the con- 
stitution of milk. According to some it is a 
solution, according to otheis an emulsion, and 
others consider it to bo a mere mixture. 

On filtering mdk through a porous cell, the 
following substances occur in (he filtrate in 
solution . — 

The wlioli' of the mdk sugar, albumin and 
(‘xtractivc rnattets, soda, potash, hydrochloric 
and citric acids (in combination), the greatiT 
])art of the magnesia, about one-tlurd the linu', ■ 
and one-half the plios})hoiic acid present in the } 
milk (Richmond, Analvst, 1901, 313, ho\v(‘ver, j 
found tliat the albumin was removed). 'J’hc | 
bulk of the milk solids — viz. the fat, oasciu, 
lime, and jihosphoiic a.ci(i tails to jiass t.hiough. I 

'Fho question wliethcr the tat exists in an! 
(miiilsified stall', or in moiphologicaily thfhr-] 
entiated (struct iires has already been noticed I 
(c Mirr'mojiK' c/mmi/Ms). 3’iie state ot the | 
casein, lime, and phosphoiic acid, now claims | 
attention. | 

Hammarsten (.1. I'harm (3nm. 5, 2(i7) found : 
that jii'i'lectly pure casein is insoluble in Avater, ' 
and possesses a strongly acid tharacter It ; 
dissolves in the phosjihates ami curbonates oi j 
the alkalis; in the latter casi^ CO.^ is e,x])elled. I 
\i also dissolves in a solution ul eanstic soda, in j 
lime water, and in baryta w'atei. if thi' solution I 
in hme water is neutralised wnth phoajihonc aeid 
and ki'pt for some time at about 40°, it be- | 
comes mdk-white in ajijK'.iraiicc, behaves on j 
tiltration like natural milk, and is coagulated by 
aeids or rennet. Other .solutions of casein Averc 
not aifoetcil by rennet, unh'ss calcium and 
phosphoric acid or a lew" other suhstnneeH A\ere 
introduced. 

Hammarsten also observed that milk-ca,seiii 
precipitated by lennct con.stantly contained 
4-5 p.c of triealciurn phosphati', Avhilst tliat 
jirocipitated by acids contained a le.sser ami 
moio variable pciceritage ; the serum obtained 
from rennet also contained more prW'ins 
than that obtained from other precifatants. 
From the, so facts ho concluded that casein 
Avas held in solution in mdk by the neutral 
phosphates of tho alkalis, and that tile casein 
thus dissolved was able to take up the insoluliie 
di- and tri-'ulcMim phosphates and enter wnth 
them into a turgid, highly liydrated, and colloid 
condition Avhich he coiisulerod the oharaiiteristie 


state of milk-i-asein, both in his artificial com- 
pound and in natural milk. 

Coagulation by acids is according to this 
theory duo to tho convc’*sinn of tho neutral 
phosphates of the alkalis into acid phosphates, 
which are unable to hold the casem in solution, 
but at tho same time the acids convert part of 
the insoluble di- and tri-calcium phosphates, 
into the soluble mono-calcium salts. The milk- 


phosphates under those conditions being a 
mixture of di- and trl -calcium phosphate ; at 
the same time the acidity of the milk is reduced. 
When milk to be used lor feeding infants is 
treated with lime-water and then diiutcd with 
Avater to twice its original volume, or more, tho 
soluble calcium and jihosphorus may be reduced 
to amounts less than those present in human 
milk (Hosvvoith and Bow'ditch, J. Biol. Chem. 
1917, 2S, 431), 

tluagulatum by rennet is due, according to 
Hainmaisten, to the decomposition oi the milk- 
casein into tw'o proteins, one of which passes 
into ])erfoct solution, whilst the otfier forms an 
insoluble compound Aiith tiiealeiuni pho.s])hatc 
(eheese). "J'lic apjiroximato constancy of thi' 
pi'rcentage oi ealeium ])hosphate in tlie coagulum, 
and the excess of jiroteins in the si'nim, are thus 
accounted for (r /. Harris, J. Anat. and Rhvsiol. 
1H94, 18S). 

On hi'atmg milk Avith an oxalati', ealeium 
oxalati^ is ]ueejpitated ; liuorides also easily 
])reeij)itate the ealeium (ArthuH, Aieh. I’liysioL 
IH93, ()73 ; Ranger and Hammarsten, I r.). 

Milk-easem, aeeonliiig to Knghng (h. V. 8. 

31, 391), JM casein-inealeiuiu-ithosphate, and is 
eoiniiletely decomposed by acids, casein being 
precipitated and moie Or less ot the ealeium " 
phos])hato taken u]> into solution. Rennet 
again only partially decomposes the casein-tri- 
ealeiuni-])hosphate. A jiortion of the pioteiii is 
detuelK'd and goes into jierfeet solution as and 
albuminate, and as soon as a certain quantity 
of this IS formed its acid eharaeter determines 
the ]irceipitation of the hulk ol the casein and 
tricalciuin ])hoHphate as a 6rf.sir' salt (eheese). 

Hammarsten {I r ) has studied the properties 
of th(' soluble portion, Avhieh he calls whey- 
lirotein ; it has t he })ro|)ertie8 of an albumose. 

Soldiier (L. Vk 8. 35, 351) made tho observa- 
tion that altlioiigh the reaction of milk is ampho- 
teric, the liases in the ash ol milk are very 
largely m exee.ss ot tlie acids. It seemed to him 
d priori imjirobuhle that a strongly a<*id body 
like eu.sein sliould oxi.st in milk in combination 
with neutral tneulemm pliospliate, and that a 
quantity ol base should he simultant'ously 
present Avith no and to ru'iitraJise it, and with- 
out imparting a hasie reaction to tlio liquid. 
Hammorsten (/c.) hud found that casein was 
soluble in lime-watei and 86ldncr found he 
Could obtain two eomjiounds of casein and 
I lime ; one contaimng 2‘3fi ji.e. CaO reacts 
alkaline with litmus, but not with phenol- 
phthalein, and dissolves in water to form an 
ojialescent fluid Avhich is not coagulated by 
rennet. 3’he other compound containing 1*55 
ji.e. Had, has a slight and reaction ; its solution 
in water forms after some time a milk-white fluid 
which is cr)agulated by rennet. Hammarsten 
had observed that pure casein contajiis 0*847 p.c. 
of })ho.sj)horu8, and Sbldner has proved that a 
solution of jnire casein in lime-water leaves on 
Ignition a residue of ealeium pyrophosphate. 
Soldncr tliereforc concludes that milk-casein 
is the vrtsfitvrni(d comiiound of casein and 


casein precipitated by acids is therefore poor m 
calcium phosphate. 

The addition of lime-water to milk Avhich 
normally contains a quantity of insoluble 
dicalcium phosphate results in the precipitation 
pf more calcium phosphate, the insoluble 


limr (1*55 ji.c. CaO), and that it docs not enter 
into combination with, nor has any speoifio sol- 
vent poAver for the insoluble di- and tri-calcium 
i phiiaphates as such, those salts merely existing 
in suspension in the milk. 

Tho power that free casein possesses of 
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dissolving di- and^fcri-calcium phosphates is due at least 0 times the quantity required on 
to the acid nature of free casein. Just as it boiling is necessary before a precipitate is 
expels COj from carbonates, &c., like other acids, obtained, and nearly the whole of the calcium 
so it abstracts part of the base from the msoluble and calcium phosphate is removed. At inter- 
phosphates, forming a solulde. Inno-eaacin eom- mediate temperatures the amount of acid is less, 
pound. and the removal of the inorganic constituents 

According to Richmond (Analyst, KK.)0, 1 16 ; proportionately less. 

1901, 313 ; 1902, 241 ) the state in which (iasein 'I’liese facts show that casein exists in milk as 
exists in milk has been elncidated by the study a eoHi|)lex a sodium calcium salt combined 
^4^0 composition of the suhstanci^ removed by with a molecular proportion of calcium phos- 
ifipi^tion through a porous cell, and liy the phate, and that the simple derivatives consist of 
action of acids and of rennet,*' a similar complex, and arc precipitated as acid 

There is little douht that casein is a sub- salts, the sodium being removed. The older 
stitutod jihosfihoric acid, and the amount, of view that ealeiuin pho.sjihate was entangled or 
base in eomhination with tlie substance scjiarated loosely eombinod apjiears to be untenable. This 
by porous earthenwani is equal to one at, cm of eouijiiex forming a solution resembling milk can 
sodium and one of ealeium, together with half a he artifieially prepared, and behaves towards 
moleeiile of tribasic calcium jihosfihat.e. The rennet in a manner similar to milk. Casein in 
minimum amount of acid necessary to curdle solution in alkalis is not curdled by rennet, but 
milk on boiling is 8'3 c^.e. normj.1 bydrochlorie the molecule is sfilit u]), the hj^drolysisproeeeding 
or suljihune acids per litre, and slightly greater much furtlier tlian when rennet acts on the 
amounts of we.iker acids ; this quantity is eompli^x wliicli exists in milk. This indicates 
almost exactly ('(jual to t.hat n*quircd to combine that the tinal product of the action of rennet 
with the sodium, and the jireeipitate contains on th<* ca.soin as it exi.sts m milk is determined 
tlio same amount of calcium, and calcium phos- by a simple derivative which forms an'insohi ble 
jiliate as the substance' rcm<»ved by a porous acid salt. 

cell ; the acidity of the serum is mon^over equal It is not known in what state the albumin 
to that of the milk. Tlie liehavionr oj two acids exists in the milk ; it is nut coagulated by raising 
IS, however, anomalous, very much larger the temperature to 70°, though it has been 
amounts of oxalic and phosplioric acids being shown by Faber (Analyst, 1889, 144) and Sicww’t 
required to curdle milk on boiling, the average (Biit. Med. J. 1896, 626) that at this temperature 
quantities being 28-5 e.e. N-oxalic acid, and it is converted into a form which is precipitated 
35 c.c. N-phosphoric acid jier litre ; if we eon- by acids or magnesium sulphate, 
sider that oxalic acid removo.s calcium from milk It lias been stated lliat it is in combination 
as insoluble ealeium oxalate, ami phosjihonc witli the casein, but the e>:periment.s of Rich- 
acid would form acid jihosphaies with ealeium mond (Analyst, 1902, 2-40) aiipear to negative 
phosphate, it appears that these two acids this view. 

break up the sodium-caleinm easein-eah'ium- Loeilhins, which are eomjiounds of choline, 
phosphate complex. glyceryl-jihosphorie acid, and fatty acids such as 

The action of rennet, though ehii'fiy on tlie stearic, are found in milk, and arc probably ot 
protein ])ortion of tlu! comjilex, ]>resenlH many eorisidorable im[K)rlanc<‘ in nutrition. They 
analogies to that of acids on boiling ; a jiort ion of have been studied by Rordas and de Raezkowski 
the casein molecule is S]*lit off as ‘whey pro- ' (Coinpt. rend. 1902, 134, 1592; 135, 302, and 354) 
tein,’ and the re.sidue is also a substituted plios- who state that the greatest amount is found in 
phoric acid ; the projiortion of calcium and the first month ; they show that by removing 
calcium phosphate to organic pliospborus m the 98 ii.c. of tlie cream 09 p.c. of the lecithin is 
precipitated curd is the saimi as that found in removed, and this is confirmed by Glikin (Bio- 
iho substance separated by porous earthenware, ' chem. Zeitsch. 1909, 348). Jerking and 

and in the precipitate formed by the minimum j Haen^el give the quantity as 0‘0109-0-0833 p.c. 
quantity of acid on boiling; the Boduim i.s, (Biochem. Zeitsch. 1908, 348).* 
however, rcraovi'd, and the differenec between Citric acid. Henkel (Bied. Zentr. 17, 787) 
the acidities of the milk and the whey is almost found that on saturating the serum left after 
exactly 8-.t c.c. N-acid per litri'. It appears , removing proteins, &e., with calcium salts, 
])robai)le that the action of rennet is even more J ahd slowly evaporating, a crystalline deposit of 
.analogous to that of the minimum quantity of i calcium citrate was formed. The amount of 
acid on heating, as the amount of protein preei- i citric acid was estimated from this as 0‘08-0'J2 
jiitato in the latter case is never quite equal to ji.c. ; but the quantity present is probably 
that of the casein, indicating that a portion of , considerably greater. 

the protein molecule is removed on boding;! SoUlner“(J,. V. S. 35, 351) estimates it as 0*25 
further evidence that this is the case is shown p.e., and Richmond (Analyst, 1901, 316) as 
by the fact Jbhat while mercury salts arc very , 0-264 p.c. * 

perfect proci^ntants of the casein of milk, tliey j It evidently exists as a soluble salt, since the 
do not remove the whole of the casein from a same quantity separates out from whey and from 
solution that has been heated, a lievo-rotatory serum (by coll filtration). The concretions in, 
substance which is precipitated by phospho- condensed milk consist of pure calcium citrate, 
tungstic acid remaining dissolved. Salts. Those consist principally of phos- 

By heating milk alone, or by centrifuging, } phates, chlorides, and citrates of the alkalis 
practically no califium or phosjihoric acid is i and alkaline earths. Musso also found 0*0391- 
removed without a corresponding amount of i 0*0831 gram of sulphuric acid per litre. Tliis 
organic phosphoric acid. c i would amount to 0*558-1*19 p.c, of SO3 in the 

The action of acids in the cold is different 1 ash. Musso also found 0*0021-0*0046 gram 
from that on bifiUng ; at ordinary temperatures NaGNS per litre of milk. 
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The amount of ash in cow’s milk varies from 
0-65 to 0-85 p.c. ; generally from 0*7 to 0-8 p.c. 

The ratio of ash : proteins : sugar is very con- 
stantly 2 : 9 : 13 in cow’s milk, 1:5: 10 in human, 
] : 0 : 23 in mare’s milk (Vieth, Analyst, 13, 49). 
The following are average analyses of milk-ash : 


Percentage 
In milk 
()-1728 
0-0808 
0T008 
0-0243 
0-0005 
0-1922 
0-1 14G 
. OOOfil 


K,.0 . 

NaoO . 

OaO . 

MgO . 

Fe.Os . 

yA' • 

('1 

SO, . 

(Fleischmaim). 

More sul])huric acid is actually found in the 
ash than that shown, hut it is due to Uk; oxida- 
tion of the sulphur in the albuminoids; only 


Peicentage 
In ash 
24-5 
li-0 
22*5 

2*6 

0- 3 
20-5 
15-0 

1 - 0 


The ash is almost always 8 p.c. of the solids 
not fat (Vioth, Analyst, 13, 03). 

Oases in MUk , — Pfl tiger (Pafl. Arch. 2, 100) 
found ; 

00 .. 

OUo (expelled by 

0 (pumped out) phosphoric meld) N 

1. 0*1 7-6 0-00 0-7 

2. 0-09 7*4 0-2 0-8 

V. also Hoppo-Seylcr (V^ircli. Arch. 17, 41%. 
Sotchenow (/eit. ra^t, Med. 18()1, 285). 

Colostrum is, immediately after parturition, 
a yellow or brownish -yellow dirty-looking liquid, 
shiny, viscous, and often lieterogeneous in 
consistency. It has a peenliar smell, a stale 
salty taste, and generally a slight acid reaction. 
It eoagnlate.s on boiling. The sp.gr. at 15® 
varies from 1-040 to 1*080. 

'Ihe picaenco of colostrum corjiuscles is elia- 
racti-ristic (r. n^icnmopic rluiraclcrb). 

he character of colostrum rapidly changes, 


. I 1 iM . ' 1 nc cmiraeter oi euiusiiuui 

anaiy^™ i,y Engi.n« (wod, 
Zentr. IS79, 214) uill show this : 


On the other hand, a deduction must be made foi 
increase ol v eight by oxidation. Ideischmaim 
deducts 3-5 p.c. of the wt'ighi of the ash for this 
error. 

Soldner has sliown (L. \\ N. 35, 351) that, 
owing to the excess ol base piescnt in mdk-ash, | 
the whole of tlie phosphoius in the casein is | 
oxidised to ])hosphorie acid, and apjK-ars in the | 
asli as calcium phosphate, Fiorn 25 to 40 ]>.e. | 
of the PjOg in the ash may he due. to this source, i 
4'ho composition of the ash theiefoie still re- j 


'J'nue after 


'I'ot.il 



Allju- 


ealMii)^ 

Si* gr 

solids 

Fat 

Casein 

lum 

Sugar 

Jmiiie- 







2 00 

iliutelj 

J OliM 

2<> 

02 

2 ;>4 

-2-0:) 

10 50 

10 hours 

1 on; 

21 

22 

4 00* 

4 28 

0 22 

1-42 

24 „ 

1 04‘t 

10 

27 

4 70 

4 .70 

0 25 

2S5 

48 ,, 

J 012 

14 

10 

4 21 

2 25 

2-21 

2 80 

72 ,, 

1 o:5r> 

12 

20 

4 08 

2 22 

] 02 

4 10 


1-18 
i-br. 
1 02 
000 
0 82 


('J. also V.iiidin (J. riiarm. C’him. 1894, 30, 
337), and Sutherst (Cliem. News, 1902, 1) who 

cmircs revision. i 

Soldnor has made an estimate of the I contains a large projiortioii oi globulin , ho 

amounts of salts as actually existing in the ! tmds 5-32 p.c. of this on the hist day, and L-Oo 


milk. Assuming the presence ol 0*25 j) c. citric 
acid, he calculates : 


0t)02 
0-8.30 
J 150 
0-vS35 
0-495 
0-330 
0 307 
0-071 
0-800 
2*1 3a 


kSodium chloride 
Potassium chloride 
Mono potassium pfiosjiliate 
Dipolassium phosphate . 

Potassium citrate . 

Dimagncsium phosphaii’ . 

Magnesium citrate . 

J)icalcuim ]>hosphate 
Tricalcium phosphaii- 
( !alcium citrate 

Lime (in combination w ith i asein) 0-405 

Kona and Michaehs (Biochem. Zeitsch. 1909, 
114) state that 40-50 p.c. oi the calcium is 
diffusible, and that much of it is combiilt*d with 
proteins. Richmond (Analyst, 1901, 310) con* 
siders that the citrates exist in milk as dibasic- 
salts and gives the following as the distribution 
of the phosphm-ic acid in milk : 

P.c. 

P2O. as casein combined with CaNa 0-0005 
„ CadPUj, . 

„ KJIPO4 

„ KHjPO^ 

Latschenberger (Monatsli. 5, 129) found 

0 02100 p.c. of ammonia in milk. tSherman, 
Berg, Cohen, and Whitman (J. Biol. Chem. 
1907, 171) give the amount as 0*004 p.c. 

Schrodt and Hanson (L. V. S. 31, 55) found 


0-0025 

0-077 

0-020 


. on the second, 

’Ihc proU-ins in colostrum vary greatly. 
Casein is always somewhat greater than m 
normal imlk ; albumin varies from a little above 
that of ordinary milk to ovet three times that 
amount. Clobulin is ahvays an essential con- 
stituent. Kxtractive N is a little higher than 
111 ordinary milk. Jangling {lx. 90) states that 
at tirst colostrum contains no milk sugar, but 
only carbohydrates, riisombhng grape sugar* 
Sebehen and tSunde (Zeitscli. angow. Chom. 
1908, 2540) hnd that the sugar is chiefly lactose, 
and suggest the presence of 0’05 p.e. of arabinose. 
The colostrum fat diilers from ordinary butter 
in smell, taste, consistency, and melting-point. 
It melts at 41)' -44®. This is due, according to 
Nilsson (Bied. Zentr. 17, 171) to tlfe smaller 
quantity of volatile acids. Nuclein has been 
found up to 2 p.c. Cholesterol and lecithin also 
occur in some quantity. Urea is higher than in 
onUnary milk. Burr, Berbcrich, and Berg have 
recorded a number of analyses of colostrum. 
The characters of the fat were as follows : 
Kefractumetcr reading at 40®, 44-3- 48*8 ; m.p. 
32°-41®; Itcichert-Meissl value, 11-5-29-1; 
Polenske value, 1*35-3 83 ; sapoi nil cation value, 
203*1-231-4; iodine value, 21-9-44-4. The fat 
contained 0-8 p.c. of cholesterol and 0-026 p.c. 
of lecithin (Analyst, 1913, 108). 

Engling found the ash ul colostrum to con- 
sist ol 

. I KjO iNagO <'ii() MgO PejOa PgOg BO3 Cl 

the amount of chlorine in the ash to be greater 1 5-72 34-85 2-00 0-52 41*43 0*10 11*25 


at the end than at the beginning of the period of | 

rrsi'32&b:Xb"b“ai!-- 1 ™ 

were the same. 

VoL. IV.— T. 


The higher percentage of phosphoric acid 

I lime, am’ '' ' " ^ - 

notc worthy. 
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Abnoemal Milk. 

Blue mUk. Thi^ is characterised by the 
appearance of blue spots, which graduajjy 
increase till the whole surface is covered. It ie 
due to a bacillus [B. cyanogems). If the 
reaction ftf the milk is acid the coloration is 
deep blue ; in other cases it is a slaty blue, 
changing to deep blue on addition of acids. The 
colouring matter is identical with tnplicnyl- 
rosaniline (Martiny and I'urstonberg, Milcli.-Zeit, 

10, 594). 

Stringy milk. Hume milk, on standing for a 
short time, Ixieomes thick and stiingy. It is ; 
due to a spoc.iiil ferment, which sets up mucic j 
fermentation. Sound milk is infecto<l hy achh- 
tinii of a little of the stringy milk, but the 
ferment can he destroyed by heating to 05'' or 
by the addition of strong aiiti.s(‘j)ti< s. 

Red milk is due eithei to (;ol(piiing mattei in 
the food of the animat or more frequently to the 
presi'iiee of blood troin the ru])ture of a small ^ 
blood vessel in the iiddei ; <m WcUming the milk 
ami eeiitiifugmg the blood may be si'parated 
and ideiitiiied by tlu* usual imdliods. 

Bitter milk is principally due to the food, 
but it is oceasioiially obtained iioiii eovis just 
before the mid of lactation. 

For partieulais of olliei abnormalities m milk, 

V. Kirchner’s Mih'huirtliselialt. Kor milk in 
disease, i;. Flyth’s h’oods, whole other retereiices 
will lie found. 

Analysis of Milk. 

iSpeciJic (jrai'ilj/. Tins ma\ he determined 
by the lactodeiisimetoi, tie- pyknometer, or hy 
the Wostphal halanee. 

Thv, liKlouulcr oi luclodt usitncicr. This is 
merely a special form of hydrometer wntli a 
large bulb and a sleiidei stem, which is graduated 
from 1.5" to 45'' corresponding to sp gra. of 1-015 to 
1-045; in some forms the range is even less. 
The milk should be at t)0"F., or il the determina- 
tion is made at another temperature, the 
readings of the lactometer should be corri'cted 
by means of a table. 

The milk should be stnrcd, and the instru- 
ment very gently lowered till it sinks no lurther. 
'riio reading of the lower edge ol the meniscu.s 
should be taken. 1 

The form of jiyknoinetei ivhich gives the 
best resuKs with milk is the Spreiigel tube a 
U-tube with narrow cajullary ends ; this should 
he filled with milk, immersed in a vessel of w-ater j 
at <i0"F. till the volume is constant, and weighed. ; 
'he weight of milk divided by the weight of 
rater at ()0"F. will give the speeilie gravity. 

The Westphal balance consists ol a eoimter- 
loised thermometer of exactly 5 or 10 c.c 
[isplaeement, suspended by a line platinum 
riro from 6no end of a graduated lover. 'The 
hermonieter or plummet is immersed in tin- 
iiilk at 15" and equilibrium restored by sus- 
pending a series of riders from the lever, which 
IS graduated for the direct leading of the s]>.gr. 

Deterrnimition of the' total About 

5 grams of milk are rapidly weighed out into 
a tared platinum, porcelain, nickel, or aluminium 
dish, and dried on a water- bath till successive 
weighings at one hour’s interval differ by less 
than a milligram. This generally occupies 
4-6 hours. 


Richmond (Analyst, 14, 121) states that 
the most satisfactory results are obtained by 
taking not more than 2 grams of milk, and dry- 
ing for 14 hours in a wide, flat-bottomed basin. 
Babcock “(Dept. Agric. Kept. 13, pt. i. 81) dries 
the milk on asbestos, and very accurate results 
are thus obtained. For the rapid deterniination 
of total solids, Kevis (Analyst, 1907, 284) adds 
1 c.c. of acetone to 2-5 grams of milk in a wide 
basin and dries for 2 hours. 

JJctcrtniiuilwn of the ash. The total solid 
matter obtained by evaporating a portion of the 
milk to dryness is ignited at the low'st possible 
tempcratuie until the ash is perfectly white ; a 
barely visible red heat should be employed. If 
the tenipeiatiirc is laised to a visible red heat, 
serious loss may be incurred owing to the 
volatility of the chlorides in the a.sli. In a si'rics 
of expen mciiTs N'ielli (Analy-si, 12, h<‘) 
the ash lost 25 ji.e. in wciuht after heating at a 
bright red heat for half an hour. On heating 
for 5, 10, and 20 minutes resjiectively, the asti 
lost (i, 19, and 21 p.c. in weight. 'The percentage 
ol ehlornie in the ash was 8imuitaneoiJ.sly 
! leduced by 15^, (k), and 9(> p.e. of its total 
i amount, so that over two-thirds of the chloride'^ 
j volatilise ill 10 minuU's, and nearly the whole 
j 111 20 iinniites. 'The ash must not be kepl^ 

; even at the lower teinjieraturo longer than 
1 iKHH'ssary. Viotli found that it lost 0 ji.e. in 
1 w-eight in 30 mnnites when kept’ at a dark-red 
j heat. 

j Ih'tcrniiuation of i/ic nidkfai. Ihe fat is 
I the most valuable and important constituent of 
[ milk, and its determmatiuii with exaetuess is 
j therolore indispensable for eommereial and 
I analytical jiurposes. Formerly the dried milk 
‘ solids were exhausted with other or petroleum, 
the other evaporated fiom tlio solution obtained 
and the lat weighed, 'i'his method is almost 
(“iitnely abandoned, as 20-25 p.e. of the fat is 
left uiiextracted, and concordant results are un- 
attainable. 

'J'he follow'ing methods are now in use : — 

Gravinatric methods. In consequence of the 
discrepancies betw-een the results obtained by 
dilTercnt analysts by processes in general use in 
1884-5 (Wanidyn, or modili cations), the Society 
of Public Analysts appointed a committee to 
compare the principal methods then known. 
'The report of the committee, presented in 1880, 
and ado^itcd by the society, stated that 283 com- 
paiative analyses had been made, and that the 
most concordant, and most trustworthy results 
had been obtained by the use of Adams's process. 
H w-as aecoidmgly resolved that public analysts 
should use that process in preference to any 
other. Idle advent of methods such as Schmidt’s 
[ and Dottlu'h’s has, how'over, caused this reeom- 
nu-ndatiou to bV- generally ignored, 
i Adattt.s.s p/occAv. 'The original method 
(Analyst, S5, 48) as modiliod hy Allen and Chatta- 
I way {'iind. 80, '74) is earned out as follow'S : A 
' stiip ol blotting paper 22 inches long, 2.1 inches 
wide, is thoroughly exhausted with ether and 
diiod at 100"C. to constant w'eiglit. It is then 
rolled up into a coil ol about 1 inch diameter with 
; a piece of thin string (previously boiled with 
1 sodium carbonate) placed in a cap of (fat free) 

' filter paper, and attached to it by means of the 
j ends of the string. 5 c.c. of milk are distributed 
1 With a pipette over the upper surface of the coil, 
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it ia then transferred to the water oven and 
roughly dried on a glass plate. The dry coil is 
transferred to a ‘Soxhlet’s extractor,’ and 
exhausted with ether, light petroleum, or carbon 
disulphide for to 3 hours, the fat solution 
evaporated to dryness and weighed. 

If the milk is sour it is preferable to mix it 
well, transfer a portion into a tared basin, weigh, 
pour it on to the coil, wash out the basin with 
2 or 3 drops of water, adding those also to the 
coil, then proceed as above. 

kSour milk may also be rendered homogeneous 
by adding a few drops of ammonia. A delimte 
volume may then be used (the sp.gr. being 
known). 

There is some diffieulty in complotoly ex- 
hausting the blotting jiaper befoie use. Itich- 
mond (Analyst, 14, 123) states that this can be j 
very perfectly done by treating for 3 or 4 }iour.s | 
with alcohol coiilairung JO p e. of acetic acid,' 
ill a large Soxhlet extractor. I 

Adams’s method gives low results if the fat 
is III a finely divided condition, c.gr.in hninogenised 
milk. ‘ I 

^SVorc/l^^ vKififxL JO grains of nnlk are | 
I'vaporated on pumice, wlneJi is then ground to j 
a line powder, and extra.etcd in a Soxhlet ox- ! 
tractor; the pumice is then drii'd and ri'ground I 
and lurthor extracted. Many otlicr substances ! 
<■<111 be used in place of jiumuc ; thus plaster of 
Pans was used ior many years, and it the line 
grinding (the essential part of tlii' metli(Kl) is 
adheicd to, gives excellent results, but if only 
broken up roughly the result, .s are low. Nilsson 
rocoinmeiids kaolin ((’hem. Zeit. l.SOJ, .37), but 
the substance winch gives the best lesiilts is 
kiesolguhr (Analyst, Pk 124). 

Selimiilt (Zeitseh. anal. Clhem. 27, 404) takes 
a test tube of 50 c.e. cajiacity, graduated in the 
upper part to A e.c., introduces 10 c.e. of milk, 
adds 10 e.c. of strong H(d, boils with shaking 
until the liquid turns dark brown, cools the tube 
in cold water, adds 30 e.c. of ether, shakes round, 
and, after standing, measures the volume of the 
ethereal solution and draws otT 10 c c. This he 
evaporates down in a weiglu'd porcelain cajisiile 
on the, water-bath, and finally in tlie an -bath 
at lUO'^C. He then wciglis and caleulati^ lor 
the original quantity of the ethereal solution. 
]f the process ha.s been jiroperly conducted, the i 
ether separates from the aqueous solution quite j 
clear, wiilumt the slightest turbidity. The ' 
ethereal solution as it flows out from the pipett# 
should not show any watery drops. With 
proper arrangements the operations can be 
carried out in 15 minutes. Stokes, who has 
devised special forms of tube for this method 
(Analyst, 14, 30), finds the results by this 
method agree with those obtained by Ailams’s 
process. • 

instead of taking an aliquot portion of the 
etliereal solution, as much as possible should bo 
withdrawn, and the tube washed out with 
successive portions of ether ; the whole of the ' 
fat is thus obtained an<3 weighed. i 

QottlifFa method (L. V. H. 40, 1). This is a 
modification of the method of Rose (Zeitseh. 
angew. Chem. 1888, 4), and is thus carried out : 
10 c.o. of milk are measured into a tall, narrow 
cylinder, graduated in 0*5 c.c., and holding 
100 o.c.,. 1 c.c. of ammonia (sp.gr. 0-96) is added, 
and then 10 c.c. of alcohol ; the mixture is well 


shaken. 25 c.c. of ether, which need not bo dry, 
are added, and the contents of the tube well 
mixed; finally 25 c.o. of light petroleum are 
added and the mixture again well shaken. It is 
essential that the contents of the tube bo mixed 
after the addition of each reagent, or results 
may he very low. The cylinder is then left for 
6 hours, the volume of the ethereal solution 
measured, and 50 c.c. removed, evaporated, and 
the fat dried and weighed. Popp (Milch.* 
Zeitung, 1904, 20) fj^tates that 1 hour is sufficient 
for the separation, and that the sp.gr. of the 
ammonia may be varied between 0*91 and 0*9b 
without a fleeting tlie results. 

A more rapid procedure is to follow the 
method as above described, as far as the addition 
of the light jiotroleum (the quantities being 
halved throughout if desired, though it is essen- 
tial to adhere to the proportions given); the 
eonli'iits of the ciilie are mixed, alloMcd to stand 
a minute or two till separation takes plaei', again 
mixed, and allowed to separate. As much as 
possible of the ethereal layer is removed, and 
the residue of the fat exti.icted by three further 
shakings with a mixture ot equal quantities of 
ether and light petroleum (the recovered solvent 
answers admirably for •this jmrpfise). The 
combined ethereal <>xtraets aie eva])orated in a 
vvidc-neeked llask, and the fat dried in the water 
oven, with frequent blowing in of air until the 
\\ eight 18 constant. The fat is then washed out 
of the flask with a little light ]»etrok'um, and 
the flask with any small residue of noii-fatty 
I .siilistance again weighed (Fahnon, (diem. Zeit. 

I 19()(i, 2t)7 ; Riehinmul, Analyst, 1908, 389). 
This last jiroccdiire should be aiqilied to the fat 
determinations by all methods, especially the 
Seliiriidt method, if accurate results are to be 
obtained. 

fSiegfeld (Milch vv. Zentr. 1900. 1) finds that 
0-0029-0-0030 p.o. choh^sterol and 0 '0079-0 3) 1 00 
p.e. lecithin are contained in the fat separated 
by Gottlieb’s method. 

7Vic maceration method being particularly 
suited to the analysis of sour milk will be de- 
seribiyl later. 

Volnnutnc inelltodK. A number of methods 
have been described in which the milk is treated 
with a solvent which dissolves overytliing in 
the milk excejit the fat, and this is separated by 
centrifugal force into the narrow graduated 
neck of a bottle, and there measured. • Of these 
it IS only ni'ccssary to describe the Gerber acid 
method, and to mention the Sinacid and Sal 
alkali methods. 

Oerber's ncvl method. The reagents employed 
are sulphuric acid (first proposed by Jiabcoek, 
Seventh Ann. Rep. Agr. Expt. Btat. Univ. 
Wisconsin, 1889, 98) to dissolve the casein, and 
amyl aleoliol the use of which was introduced 
by Leffmann ami Ream (Analyst, 1?(92, 83), to 
assist the separation of the fat. Gerber has 
worked out the various details (Milch. -Zeit. 
1892, 891; 1893, 303, 056; and 1895, 169), 
and at jiresent the process is as follows : 
10 c.o. of siiliihuric acid (commercial sp.gr. 
1 *820-1 -825 ; 90-91 p.c. H^BO*) are measured 
into a bottle with a long graduated stem called 
a butyrorneter ; 11 o.c. of milk are added, and 
1 c.c. of amyl alcohol (sp.gr, 0*815, b.p. 128®- 
i 130°G.). It is important that this order be 
I adhered to, as if the sulphuric acid and amyl 
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alcohol be allowed to mix before the acid is strong sulphuric acid has certain disadvantages 
diluted with the milk, an action resulting in the as a reagent, especially in the hands of inex- 
formation of amylene and other products takes pcrienced persons, the use of alkaline solutions 
place, which substances increase the apparent to dissolve the casein has been introduced by 
volume of the fat (Richmond and O’Shaughnessy, Sichler (Mdeb.-Z^it. 1904, 417, Sinacid process) 
Analyst, 1899, 146 ; Siegfeld, Molkerei-Zeitung, and Gerber (iitd. 1906, 4, Sal method). 

1899, 433). The butyrometer is closed by a The former method em])loy8 a solution con* 
rubber cork, and the contents well mixed by taining sodium hydroxide, Rochelle salt, and 
shaking, and inverting several times so that the sodium sulphate, whilst sodium chloride is substi* 
liquid in the neck becomes thoroughly warm ; tuted for the sulphate m the Sal method. Buty- 
tho fat is brought up into , the neck by centri- 1 rometers, which are practically tlie same as those 
fuging for several minutes at a speed of at least I used in Gerber’s acid method, me employed, and 
1000 revolutions per minute. Unless the bottles j 11 c.c. of alkaline solution, 10 c.c. of milk, and 
have been kc]it warm during centrifuging, by j 0-6 c.c, of fsobutyl alcohol an* measured into the 
the use of a steam turbine to drive tlie machine | bmiles. The mixing ami centrifuging are per- 
or other device, th(;y must bo jilaced in a water- formed as in the acid method, hut the tempera- 
bath at a tomjicrature of (iO^-fif)® for several ture ol the w^ater-hath is 45®. The fwlnityl 
minutes. The percentage of fat is read ofl alcohol used in this method, which is usually 
directly on the scale; to facilitate reading, Ihi' coloured i<‘d, blii(‘, or green, does not dissolve 
bottom of the fat column can' be adjusted to in the aqueous liquid, hut passes into the fat, 
one of the main percentage lines, by pushing and hence the measurement must be exact. A 
in or pulling out the rubber (!ork to a small drawback is that the coiks become slippery, and 
extent. tend to come out of the bottles. 

Comparative tests w'lth the Adams, Rose- TAc ‘ Ncu.sal ’ method. A solution containing 
Gottlieb, and Gerber (Babcock) methods for sodium salicylate, a carbohydrate and J.sohutyl 
the estimation of fat in skimmed milk yielded alcohol is enqiloyed, and 4 c.c. of this are added 
results showing that the following moditieations to 9’7 e e. of milk, mixed, warmed to 45® and 
should bo mad(‘ in the last-named method : | centriluged. The icsu Its are good, hut Golding 

At least 25 c.c. of snlphuiic acid should he used, j (Analy.st, itU 1, 203) has shown that variations 

the lompeiaturo of the testing inacliinc should | in the mixture give oitoih ous results, 
be not less than 82®, the coiilrifugal machine JhternmKihon <4 unlk-jot from formuJer. It 
should have a disc at least 15 inches m diameter j has been found tliat the sp.gi. of milk, solids 
and bo run at a minimum speed ot 18(K> revolu- j not fat, and the iat an* (lepi ndent upon each 
tions per minute, and the mixture should he | other, so that if two of liu'se quantities are 
centnfuged for 10, 2, and 1 minute periods known, the thud can he calculated. 

(Moliiorney and Troy, Analyst, J92J, 50). ! Numcjoiis loiiiiulu Inur bc'cn worked out to 

There HTc many types oi biityi omclcrs, : express the iclations hctwi'cn the thicc data, 
dilloring chiefly in the construction of the ■ manj^ of them apjilicabh' only to jiarticular 

graduated stem, this being round, squaic, or j methods of analysis. v\luch have now been 

flat, or with eccentric bore to magnify the fat | shown to he incorrett. Owing to the natuial 
layer ; for the trained chemist the round stem j variation in compiisition and specific gravity of 
IS the host, and gives the most accurate readings, ! the fat and solids not fat, the method is only 
blit to the untrained eye the lateral mugniticatioii an approximate one. 

of the scale appears to be more easy to read. A The following formula, which, though 
number of appliances for automatically measur- ! seientilically incorrect, is simple, gives results 
ing the sulpuuric acid and amyl alcohol have i which are near the truth : 
been devised, w’^hich are fully descnlied and ' n 

illustrated in the various manufacturers’ cata- 1 S.n.F, — — l-0*2r-f0T4 or T = - + l’2F-f 0 T4 
logues. j ^ 

With care tins method gives good results, G=-lactomoter degrees, F-^Fat, 8.n.F.=:^ solids 
usually agreeing within 0*1 p.c. of the figures j not fat, T== total' solids (Richmond, Analyst, 
given by gravimetric analysis. The usual faults i jpo5, 5V). 

made by untrained persons are : (i) insulhciciit ' c/. Hanks (Analyst, 1918, 263). Hams 

mixing, which may lead to a clear fat layer not (Analyst, 1918, 345) gives the following foimula 
being obtained; (ii) iiisulhcient centrifuging, for oaleulating the amount of added water in 
leading to low results ; and (iii) unsnitahle milk : 

strength of acid, which may give rise to a darl., ’ 1 q qoq ^ 

fat layer, and to errors in the result. ; * ~ y n -l k ■ r. n no __ v i 

The layer measured is not pure fat | “r I 1 

(Richmond, Analyst, 1905, 326), partial hydro - 1 ill which N =^pcrcentago of solids not fat, 
lysis takes a-ufl ^ portion of tlie soluble | F— percentage of fat, (100— r)=percentage of 

fatty acids is dissolved in the aqueous IkiukI ; added water (r/. Hams, Analyst, 1919, 43; 
a small amount of amyl ester is formed, and also | 1919, 314). 

a sulplio-acKl. H the conditions of the process For a table for sorting of milk samples based 
arc adhered to the volume of the fatty layei is on a determination of sp.gr. and total solids, the 
but very slightly in excess of the true fat of the fat hemg calculated by means of factors, depond- 
milk. As the w hole of the amyl alcohol dissolves mg on Richmond’s formula, .spe Harris, Analyst, 
in the acid to form amyl hydrogen sulphate, a 1918, 375 ; Richmond, ihid. 1919, 200 ; Hariis, 
considerable margin of error in the mcasureigient 1919, 314, 317. Richmond has devised an 
of the alcohol is without appreciable influence improved slide-rule by w'hich practically every 
on the result. calculation required in dairy analysis can be 

The ‘ Sxnacid ’ and * Sal ’ methods. As readily made (Analyst, 1920, 218). 
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Dekrniination of the milk-sugar. — ( 1 ) Qravi- ! Lactometer degrees to convert volume 
meiricalh/, hy Soxidel's method. — 25 o,o. of milk | into weight percentages, 
are weighed out, diluted to 400 o.o. ; 10 c.c. of The reading in angular degrees gives the 
a solution of copper sulphate (G9‘28 grams jjer percentage direct. 

litre) arc added, then 6’5-7'5 c.c. of a solution Richmond (Analyst, 1010, 510) has shown 
of caustic soda standardised to precipitate an that mercury salts do not precipitate the whole 
equal volume of the copper solution. The of the jiroteins, and recommends the addition of 
solution should still bo slightly acid after the phosphotungstic. acid to the mercuric liltrate, 
addition of the soda, and contain traces of With whole milk the error is very small, but is 
copper. Scheibe (Milch.-Zeit. 1901, 113) important wdtli dried milks, Ac: 

recommends that 20 c.c. of a ctdd, saturated Pateiu (.1. Pharm. Chim. 1904, 501) stnte.s 
solution of sodium fluoride should also be added that milk sugar cannot be estimafed polari- 
to remove lime salts. It is diluted t<> .500 c.c., metrically in human milk, as this contains a 
filtered ; 100 e.e. are f ranslernsl to a beaker, Imvoretatory substance not preciiiitated by 
50 c.c. of Harreswil's (Pehling’s) solution are mercuric nitrate oi jiimic acid, 
added, tlu! whole hoik'd fi)r (} minutes, filtered The volume of tlie iiriaupitate of fat and 
through asbestos, washed wuth hot water, then proti'ins may he e.stinmti'd hy the method of 
twice with absolute alcohol and twice with ethei. double dilution, t c. making up the same quaii- 
A special filter is used consi.siuig of a calcium tity of milk to two different volumes, one being 
chloride tube, the bulb half filled with asbestos j)ri‘forahly twicj the other; fonnulflo for cor- 
and previously dried and weighed. 'J'he tube j rcetion have been worked out by Bigelow and 
containing the asbestos and jireoipitate 18 cleared ' McElroy (Anier. C'hem. .1. 25, 594), Wiley and 
of other by blow'ing air through, and a stream Kwell (Analyst, 189(>, 18G), and Sehiehc (Milch. - 
of hydrogen ]iassed through, ululst the bulb is Zeit. 1901, 113). Mercuric iodide, and acetate, 
gently heated for 5 minutes, 'khe reduced copper sodium metaphosjihate, picric acid, and zinc 
is allow'cd to cool in a stream of hydiogen, and ferrocyaitide have also bei'ii jiroposed to pre- 
weighed. fSoxiiict gives the following table : — eipitate the pioteins (r/., Thihault, J. Pharm. 


Copper olttiuricd 
(milligiaiiis) 
.392-7 
353 -G 
333-0 
300-8 
209 -G 
237-5 
204-0 
171-4 
138-3 


Amount of railk-sngjir 
(iniltigrains) 

300 

275 

250 

225 

200 

175 

150 

125 

100 


The intermediate values are obtained by inter- 
polation. 

(2) By polarisation . — The jirotcms in milk 
alTect the determination, and must first be 
eliminated, Thi.s may be done by merenne 
nitrate (Wiley, Arner. Cheni. J. 0, 289). — Mer- 
cury is dissolved in double its weight of HNO, 
(sp.gr.-^:] -42), and an equal volume of water 
added to the solution. 

Vieth (Analyst, 1888, 03) gives the following 
directions : to 100 c.c. of milk 3 c.c. of this 
solution are added, the mixture well shaken and 
filtered. The clear liltrate is polarised, tnd the 
percentage of anhydrous milk sugar deduced? 
If a 200 ram. lube is u.sed, the reading in angular 
degrees is multiplied by 


nor-. I 100-1-057F 1 

^ I nr X ' — X 

1*05 100 Sp.gr, 


This expression reduces the readings to then- 
value in anhydrous milk sugar ; corrects for the 
volume of the fat (the volume of the proteins is 
taken as 3 c.c.), and converts percentages by 
volume into percentages by weight. 

Richmond and Boseley (Analyst, 1897, 98) 
add to 100 c.c. of milk (if a 200 mm. tube is 
used) : 

3 c.c mercuric nitrate solution, 

10-85 c.c. of water to reduce angular degrees 
to percentages of anhydrous milk sugar, 

Pxl‘11 c.c. of water to correct for the 
volume of fat, 


(3iim 189G, 5; (5mcz, Aim. (-him. aniil. 1909, 
187). 

The tomperalure (luring the pioeess must be 
k('pt constant and wdhm 15"'-25" (Wiley, 
Analyst, 13, 19G). 

iSldkos and Bodmer {ibid. 10, 12) recommend 
the use of Pavy’s solution. 

100 of milk-sugar have the same reducing 
power as 52 of glucose or 49-4 of cane-sugar. 
By this method a fair determination may be 
made by merely diluting the milk so that 
(i-12 c.c. decolourise about 40 c.c. of Pavy’s 
solution. 

Ddermifuilion of the total proteins . — Ititthav- 
sen's method (Zeitsch. anal. Chem. 1878, 24J). — 
TIi( 5 proteins are precipitated by copper sulphate 
and soda solution («;. DetcrmmaUon of milk- 
siuiar). The precipitate is collected on a weighed 
filter, washed with a little of the clear filtrate, 
allowed to drain, washed with 80-^100 c.c. of hot 
water, dried, the fat extracted, dried again at 
125'^- 150“ and weighed. The precipitate is 
Ignited and the ash deducted. Sebelien (Zeitsch. 
(Jhem. 13, 135) points out that this method is 
not exact, since cojiper hydroxide doeg not give 
up all its water at 125°, but only on ignition. 
This error is avoided if at least 0-G gram of pro- 
tein 18 present in solution, and the ratio between 
the copper oxide used and the amount of protein 
falls between I 3 and 1 -35. 

Fleischmann (Lehrbuch der Milchwirtsch. 
1907, 70) states that the error introduced is 
0’038 p.c. for each I p.c, of protein. 

Alrnen's method. This method •gives very 
exact resulta, and is particularly recommended 
by Sebelien (Zeitsch. physiol. Chem. 13, 135). 
3-5 grams of milk are taken (2 grams of colo- 
strum, 10 of whey), diluted with 3-4 volg. 
water ; a few drops of solution of some salt 
(NaCl, MgS 04 , &c.), then excess of solution of 
tannin, is added in the cold. (The tannin 
solution consists of 4 grams tannin added to 
8 c.(f. of 25 p.c. acetic acid and 190 c.c. of 40-50 
p.c. alcohol.) The precipitate is thoroughly 
washed with cold water, and the nitrogen in the 
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inter and precipitate estimated by Kjeldahrs 
process. Tne result, after subtraction of tlie N 
in the filter, gives the protein N, and this 
X 6*38— total jiroteins (since both casein and 
albumin contain 15’7 p.c. K); for whey the 
factor 6*00 gives the most exact results. 

Phosphotungstio acid may also be used to 
preeijiitate the proteins. j 

Total nilrrHjan. 3'he total nitrogen in milk is ] 
best determined directly by Kjeldahrs method. i 
The digestion must be sompwhat jirolonged to 
obtain the best results (Kreusler, L. V. S. 31, 
248). in absolutely accurate determinations 
it iH not advisable to calculate the total jiroteins 
from total N by multiplication by (>*37, beeause 
ol tho presence of nitrogenous (‘xtraetivo matters 
111 the milk. iSehnudt-Muhlheim found an 
average of 0 04-0-05 p.c. of exti active N. 'J’his 
is eonlirmed by Sidiohen {lx,), who finds the same 
average, with a minimum of 0 03 p.c. and an 
exceptional maximum (iii oolosirum) ol 0-08 ]> c. 

(N— 0’04)xb'38 gives a very close ajiproxi- 
raation (Sobelien). 

Separate determination of the prokinff {casetn, 
albumin, fjlobuliti, cho.). Iloppc-Seyler (Tlandb. 
dor Phys. Chem. Anal.) proceeds as follows: 
20 0 . 0 . of milk are diluted with water to 400 e.c , 
transferred to a deep beaker, and very dilute 
aoetio acid added until a lloceulent ])reeipitatc 
just appears. Carbon dioxidci is then passed for 
i-A hour, and the precipitate allowed to subside 
lor 12 hours. The solution, which should be 
perfectly clear, is passed througb a weighed Idler, 
the precipitate washed on with a little of the clear 
filtrate, allowed to drain, and washed once with 
distilled water. The preci])itate^eas(4n+lat 
The latter is extracted as usual. 1’he liltratc is 
boiled for a few minutes, when ilu< albumin 
separates out; if tho ]»reci]utnte is not very 
floeculent, a few' drops ol very dilute atetie acid 
may be added. It is collected on a weighed 
filter, washed with cold w’ater, ami dried at 

J20°~l2r)'’. 


solution passes through. The casein is left 
beliind, and is washed, dried, and weighed. 
The albumin is precipitated by boiling, &c. 

J^feiffer and Schmidt (Zeitsch. Chem. 23, 446) 
modify Hoppe-Seylcr’s method in the following 
way for human milk : 20 c.c. of milk are diluted 
to '400 c-.e., heated to 40^, acetic acid added 
drop by drop till a granular precipitate com- 
mences to form ; CO.^ is then passed in for half 
an hour and the precipitate allow'ed to subside 
for 24 l.'ours. Tiie casein is then weighed, and 
the filtrate treati'd in the ordinary way. 

Tolmathchifj'b method.— {\) Casein, 20 c.c. 
of milk are Baiiiraled in the cold with crystal- 
lised MgtSO^ (it IS best to make the crystals into 
a paste with water), JOO c.e. of a very eoncen- 
trated solution ol MgiS 04 are added, the ])reeipi- 
tat(‘ filtered off, well washed with a concentrated 
solution ol MgSO,,, till' fat extracted, and the 
re.sidue dried, w^eighed, and the asli deducted, 

(2) Albirniui. 'J’he filtrate and wash-water 
from the casein arc acidified with dilute acetic 
acid, h(‘ated to boiling, filtered, washed, with 
water and alcohol, dried at 120°- 12.')'^', and 
weighed. Sebelien {l.e.) advises that in each 
case tho N .should be dt'termined in the })i’eei]»i- 
tate by Kjeldalil’s ])rocess, and the albuminoid 
found by inultiphc ation h}^ 0*37. The results 
are accurate. 

'the following Bciiome is recommended for 
scientific purposes (ISebelicn) : — 

( 1 ) Deterniiiie total N by K leldahl’s method. 

(2) Total proteins by piecipitation with 
I tannin (N by Kjeldalil). 

I (3) Oasciu-i-globulm by precipitation with 
! MgSO,, (N by Kjeldahl). 

i (4) t'a.sein by preci])itation with dilute acetic 
j aciil (N by Kjeldahl). 

The dillerenec between (2) and (3) givt'S the 
; albumin, between (3) and (4) the globulin, 
between (1) and (2) the iion-piotein or ex- 
tractive K. The latter may also be determined 
directly by Kjeldahrs method in the filtrate 


The filtrate and wash -water are evaporated 
to the consistency of a thin syrup, the precipitate 
which settles out gathered on a. .small weighinl 
filter, well washed with cold water, and weighed. 

Van Slyke (Amer. Chem. J. 1894/712) 
adds to 10 grams of milk 90 c.e. of water at a 
temiierature of 40°-42°, 1T> e.c. of 10 p.c. 
acetic acid, and allows the liquid to stand 6 
minutes ^ tho jirecipitatc of casein is washed, 
and the nitrogen estimated by Kjeldahrs 
niethod. The alhuniin is precipitated by boihiig 
the filtrate, the nitrogen being estimated in the ' 
jirecipitate. This method has been extended 
by ^^an Slyko and Hart (Amer, (.Jhern J. 1903, 
160). Cf, Horsey, J. Ind. Eng. O'heni. I91fi, 
8, 336. 

The method cannot be used for human milk 
nor for thfet of tlie mare and ass, because on 
dilution and treatment with acetic acid and COj 
the casein separates in such a finely divided 
oondition that it cannot be filtered. Blyth 


from the tannin (2). 

Opalisin, which is scanty in cow’s milk, hut 
abundant in human milk, is estimated by pre- 
cipitation of the casein by acetic acid, and 
saturation of the filtrate by sodium chloride 
(Wroblewski, Zeitsrh. physiol. Chem. 1898, 308). 

Schlossmann {ibid. 1890, 197) precipitates 
casein with a little saturated alum solution at 
37°, glfbuhn in tbe filtrate by saturating with 
l•nagneslum sulphate, and estimates albumin 
from the differi'iice between tho total protein 
j nitrogen and that o^ the casein and albumin, 
i Eor generdl review' of the methods of protein 
estimation, rf. 8imon, Zeitsch. physiol. Chem. 
1901,400. 

Jiapul estimation of proteins. — I'he aldehyde 
methed. Hteintegger proposed that the acidity 
developed m milk by the addition of formalde- 
hyde should be used as an analytical method 
(Zeitscli. Nahr. Genussm. 1906, 659), and 
show'ed that it was due to the conversion of the 


(Food : Lond. 88) uses the following modification 
for human milk : 100 e.c. are diluted to 400 e.c., 
acidified with dilute acetic acid, saturated with 
CO 2 , and transferred to a tall beaker. A small 
cylindrical porous battery cell, closed by a per- 
forated plug connected with a mercury pump, 
is immersed in the liquid. A good vacuum is 
maintained, and ultimately the whole of the 


practically neutral amino-acid groups into 
strongly acid methylene-amino -acid radicles. 


,N11., /N:fcCHa 

- -fCHj,0=R<: - 


Richmond and Miller (Analyst, 1906, 224) 
studied the method, and pointed out that the 
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value depended on the nature of tlie base used 
for titration, the use of soda giving lower results 
tlian strontia, which they recommend {cf. also 
Sorensen, lliochera. Zeitsch. 1907, 46). 

The method is as fellows : to 10 or 1 1 c.c. of 
milk (the latter volume is convenient if the 
Gerber fat estimation is jierformcd) at least I e.e. 
of O-f) p c. ])licuulphthalein solution is added, 
and the milk noutralised with N/11 (a])prox.) 
strontia; to the faintly pink solution 2 c.c. 
of 40 ]).c. formaldehyde solution is added, and 
the titration continucil (ill a faint pink colour 
again appears ; the acidity of the formaldehyde 
added is deducted, atul the aldehyde figure is 
calculated as c e. of N acid ]»er litre; tins 
multiplied by 0 170 gives the ]»ercent!ige of 
jiroteiiis in normal cow’s milk, (hi no account 
imi.st th(‘ formaldehydt‘ solution be neiitialised 
])i(wious lo use with soda, as the strong iieutrid 
solution beeumes very ajipreciably alkaline t)[i 
dilution ; the same figure foi acidity of the 
lormaldeliydc is, however, obtained wlum 
strontia is used whatever the dilution. 'J’he 
factor foi converting aldehyde figure to proteins 
vanes with diliermit milks and milk products; 
thus d, IS d-12r» for whey, O'llifi tor human milk, 
and Odol foi asses’ milk. ‘WIiimi milk turns sour 
tho aldehyde liguie rises (Analyst, IfitKI, H2K ; 
and Jfi08, llhh due to pioteolytie fermentation. 
'The method, although extremely rajad, and 
a.fifiroxiinately .iceui.de, must be used with 
rcsi'rvation 

Aculili/. lly titration of milk with an alkali 
8 iliitioii using ])lienolphthalein Kolution as 
mdicator, a measure of tlu' acidity is obtained ; 
unfortunately theie an* seveial modes f>f cx- 
])ressing aeidity. 8oxhlet and Ilmikcl (Cheni. 
Zenlr. 1S87, 229) tdnitc 69 c.c of milk with 
N/4 soda solution, ami call the niimbi'r of cubic 
centimetres of soda used degre(*s of acidity ; 
Thfirner (Milch. -Zeit. ISfill, 58) dilutes 10 c.c. of 
milk with 20 c.c, of distilled w’^ate-r, and titrates 
W’lth >i/10 soda, and expresses as degr(*es of 
acidity the numliei' of c e. of normal solution 
required pm’ litre of milk; many others use 
10 c.c of milk undiluted and titrate wuth X/IO 
solution, and exjiress the acidity in (ho same 
leniis as Tlidrncr, but as the sodium 8alfs*of tfio 
aculs present in milk dissociate on dilution tho 
degrees determined by Thbrner’s method do 
not agree with those determined by using 
undiluted milk. Tt is not unusual, Unmgh of 
course incorrect, to express tho acidity ^is 
grams of lactic acid per 100 c.c., and Domic 
(l,(e (jontrfilc du Lait, 1897) proposes the use of 
N/9 soda solution (1 c.c.—O’Ol gram lactic acid), 
and calls liu. grams of lactic acid per litre 
degrees. The amount of ])henolpl)thalein used 
and tho temperature have some intlucnee on the 
end-point of neutrality (TUchrfiond and Miller, 
Analyst, 1907, 152). 

Experience has shown that the most satis- 
factory and concordant results arc obtained by 
the use of strontia solution (about N/11) as the 
alkali at the ordinary room temperature (16°- 
20®), and employing at least 0*006 gram jihenol- 
phthalein for 10 c.c. of milk, and the most 
convenient mode of oxpre.ssion is c.c. of N acid 
per litre or degrees. The tint equal to that 
produced by 1 drop of an 0*01 p.c. alcoholic 
solution of rosaniline acetate added to 11 c.c. of 
milk may be taken as a standard. The normal 


376 

acidity of cow’s milk is about 20 degrees, and 
the acidity is nearly always within 2 degrees of 
tho aldehyde figure {q.v. ; Richmond, Analyst, 
1908, 115) ; in a few abnormal cases it is much 
low'cr. 

j[nalysis of sour milk. A practical method 
for the analy.^us of sour milk, by meaifs of which 
the comjioKition, when fresh, can be deduced, 
has been dovised at (he (lovi'mimuit Laboratory. 
Oiiginiilly (h’scrilx’d by Bell (Food and its 
Adulterations, ISHfi, })(,. 2), it has been niodificil 
and jilaced on a* .scii'iitilic basis by Thorpe 
(Chem. Soc. Trans. I!t05, 200): Richmond and 
Milhu' (Analyst, !90fi, 917) have examined and 
cnticiscd fh<‘ method, and while suggesting a 
few mmol modifications, agree in the main wutli 
’I'horju' as to its sulistaiitial aecuniey. The 
tollowiiig is an ahiidged di script loii. hut for full 
working details the oiiginal pa pets should he 
consulted. 

Mofitatioii iiKlhod JorJdi and solids no! fnl. 
10 grams (rimi) aic wi'ighed into a tlat-liottomed 
platinum dish pntvuiod with a llatti’iied glass 
stirret, iicutialised with sLiontia solution, using 
|)hcnolphthaleui as indicaloi, and i-vaporulcd 
to a stiff }Kiste on a sts'am-hath ; the residue is 
treated with sinaessivc quantitii’s ot cthei’, and 
ground u]) to a, fini’ powder under the ether, 
which IS passed through a weighed filter, and 
collecte^l in a tlask ; t lu^ ethci is evaporated and 
the fat drieil and wi’ighccl. The tat should be 
wash(*d out of the Hask with light pclroloiim, 
ami the residue of ])heii()lphthalein subtracted 
from the weight (R. and M.). It is advisable 
to eontiniK' the extraction wuth ether and the 
grinding of tho solids not fat till no more fat is 
obtained 'I'lie .solids not' fat in the basin and 
on tho w'eiglied tiltei are dried to constant 
w'cight in the waicr-oven. A correction is made 
for the added alkali by deducting 0*00428 gram 
for each c.c. of N/10 st rontia added. 

Corre.clious for loss oieiof/ lo deco7npositiov , — 
{(t) The, (dcohol eorrertwu. 75 grains (more or 
less according to the amount of sample availahie) 
arc half neutralised with soda and distilled, tlie 
distillate is neutralised, using litmus paper as 
indicator, and redistilled, a convenient volume 
(say 25 or 50 c.c.) being collected, and the 
tlensity taken ; the difference between the 
ilensity found and 1000, inultijilicd by 0*977, 
will give the quantity ol anbydrous milk-sugar 
equivalent to the alcohol per lyO c.c. of 
distillate. 

(6) I'ohlile arid lorreclion. 10 grams of 
milk arc half neutralised with N/10 soila, and a 
little ])lK’nol])hthalein adfled ; the mixture is 
evaporated to dryness with frc([uent stirring, 
taken up with 20 c.c. of boiling water, and 
titrated with N/IO soda. The difference between 
volume of N/IO soda used for the original acidity, 
and that after evaporation multi jil+ial by 0*0255 
gives the correction due to loss of milk-sugar 
p.c. by conversion into volatile acids. 

]f the milk has undergone the butyric acid 
fermentation, which is not common, but which 
is easily recognised, this method gives totally 
erroneous results, and the methods described by 
Thorpe or Richmond and Mdler (Z.c.) must bo 
substituted. 

*(r) Aiurmnia corrrriion. 2 grams of milk are 
made up to 100 c.c. with ammonia free water, 
and filtered clear ; the ammonia is estimated by 
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Neaeleriaing in lOls.c. of the dilute solution, the 
standard solution receiving an addition of 10 c.c. 
of a clear solution of 2 c.c. of fresh milk slightly 
acidilicd in JOO c.c. of water. The ammonia 
found multiplied by r»00xri*2 will give the loss 
of casein p.c. The throe corrections, of which 
that due *to alcohol is gentTally by far the 
largest, are added to the .solids not. fat to obtain 
the solids not fat in the fresh milk. 

Kichmoml and Miller introduce somofuilher 
corrections for lactic acid, aldehyde t.iken ii]) 
from the ether, loss of hutyfic acid (it jiresimt) 
on drying, and for hydrolysis of the jiroti'ins, 
but these, except in H]»(‘eial casi'.s, are Hiiiall, and 
tend in ojijiosite directions; they may be 
omitted, as a rule, witliout greatly affeeting the 
results. 8[)e.citic giavity of soui iiiilh may he 
determined by athling ammonia to flissolve the 
curd, and making a. eorroclion for tlu' density of 
the added aniinonia {(/. Weihirll, Mileh.-Zeil 
1894, 247, and 413; l{uiirmnid and Hanison, 
Analyst, 1900, 207). 

Adult ORATIONS. 

4'he princj])al adulterations juaeti.sed are the 
addition of water amj. the removal of cieain. 
Carbunates of tbi' alkalis and borax, or bone 
acid, formaldehyde, and more ran'ly, salieyhc 
acid and benzoates, aie also introtlueed to keep 
milk from souring. 

The addition of water or removal of cream 
18 shown by the analysis. 

Clause 4 of the iSalc of Food and Drugs Act, 
1899, gives pow'er to the FresidiMit of the Board 
of Agnoulture to fix limits bclow^ \\hich a pn*- 
suniption is raised till the contrary is ])r(»\ed 
that the milk i.s not genuine ; the.so limits ar<' 
8‘5 p.e. of solids not fat and 3 0 ]).e. of fat. Jt 
sometimes ha])pens that genuine milk yadds a 
percentage of fat below 8-r> p.e. of .solids not fat 
(c/. AVauters, Key. internal. Falsdie. ]9(>2, 97 ; 
Malpcaux and J)orez, Ann. iAgronom. 1991, 449 ; 
and Billitz, Milchw. Zentr. 1905, 113) Jlieh- 
mond (Analyst, 1893, 271) considered that 
genuine milks of this character contained above 
0‘7 p.c. of ash and 0'5 p.e. of nitrogen, but as he 
has himself found lower percentages of nitrogen 
(Analyst, 1903, 281, and 1910, 231) his views 
have undergone modilication. His present view 
is that normal milk shouhl contain at least 
4-5 p.c. of Jactose, O’o p.c. nitrogen, and 0’7 p.c. 
ash, and that abnormal milks low^ in solids not 
fat should conform to these limits m at h^ast 
two of the constituents. 

For the montlily variations of tlic conijiosition 
of milk, the daily variations and the variation 
between morning and evening milk, numerous 
papers in the Analyst since 1882, by Vieth and 
Richmond. 

Soxhlet leas proposed the following direct 
test for the addition of winter, based upon tlie 
presence of nitrates in water and their total 
absence in milk. 

The milk is coagulated by a solution of 
calcium chloride free from nitrate ; the serum is 
now treated wdth a solution of fhphenylamine in 
concentrated H.2SO4, in the same w^ay as with the 
ferrous sulphate test. This test has frequently 
been tediscovered. Szilasi (Arm. Chim. 33) 
measures out 1 c.c. of a solution of diphenyl - 
amine sulphate into a porcelain dish, and adds a 


few drops of milk ; nitrates gradually give a blue 
coloration. These tests arc not Bufficienily 
delicate for pure water. 

Fritzmann ((!hem. Zciitr. 1898, i. 218) adds 
formaldehyde and pure sulphuric acid ; in the 
presence of nitrates a blue colour is developed. 

Richmond (Analyst, 1894, 83) has found 
nitrates in the milk of cows that received 1 gram 
of pota.ssinm nit rale w ith their food. 

Corhonaies of the alkalis are best deter- 
mined by taking .590 grams of milk and deter- 
mining the ('0.2 in tlie ash. The ash of pure 
mill; shouhl not contain more tlian 2 p.c. 

Hone and is detected liy Meissl as follow's: 
190 c.e. ari^ made alkaline woth milk of lini(‘, 
evaporaii'd and incinerated. 3’he ash is dis- 
solved in as little concentrated HC'l as possible, 
tillered, the liltiate evaporated to dryness, and 
the IK ’I i‘.\pelled. The lesidue is moistened 
with a drop or two of an alcoholn! cxtiaet of 
turnuTio and evaporated on thi; water-hath. 
More traces of hone a<-id givi' a einnahar or 
eh c IT y -red coloration . 

A more ra])id though less delicate test 
coiiHi.sts in neutialismg a quantity of milk with 
caustie soda, using pheuoljihthalcin as indicator ; 
portions of this are poured into the test tubes, 
and to one an e((iial volume of water is added, 
and to the oilier an equal volume ot neutral 
50 j).c. glycerol. In the ])rcsence of boric acid 
the glycerol tube will be iinich lighter in colour, 
usually quite whiti*. 

For a method ol iloleeting hertync and m 
milk, s((> Richmoinl, Analyst, 1997, 32, 151 ; 
Revi.s, ihid. 1912, 37, 339, Hmks, ibid. 1913, 
555. 25 c e. of milk, or ftoin 19 to 20 grams of 
ercam arc heateil woth an equal volume of 
eoneciitrated hydroeliloric acid until the pre- 
eijiitatcd curd is dissolved. The cooled mixture 
IS shaken with 25 c.c. of mixed ether and 
|)etrolenm .spirit, the ethereal solution separated, 

1 drop of ammonia solution and 5 c.c. of water 
aihled to it and shaken, the aqueous layer 
separated and tested for hcnzoic acid with ferric 
chloride {cf. lavorseege and Evers, .1. S('C. Chem. 
Tnd. 1913, 319). 

Halicyllc acid is detected by rdlett by mix- 
ing 199 c.c. of milk, 100 c.c. of water at 99°, 
5 drops acetic acid, 5 drops of a solution of 
mercuric nitrate, filtering off the proteins, 
shaking w ith 59 e e. of ether, allowing to settle, 
removing, the ether, evajioiating to dryness, dis- 
stjlving the rcHidue in a few drops of water, and 
adding ferric chloride. The quantity of salicylic 
acid can he approximately known by comparing 
the violet coloration produced with a series of 
standard solutions. 

Boric acid is ostiinatod (Richmond and 
Miller, Analyst, 1997, 144) by adding to milk 
half its voiumu of 0'5 p.c. phenolphthalein 
solution, and neutralising to a faint pink colour 
while boiling ; at least 30 p.c. of glycerol is now 
added, and the boric acid titrated with N/10 
alkali (1 c.c.=0*0002 gram H3BO3). R. T. 
Thomson (Analyst, 1893, 184) neutralises first 
to methyl orange, and then titrates in the 
presence of glycerol to phenolphthalein. Rich- 
ardson and Walton (Analyst, 1913, 140) add 
5 c.c. of a 6 p.c. solution of copper sulphate to 
50 c.c. of the milk (or 10 grams of cream mixed 
with 40 c.c. of water), heat to boiling, and 
estimate the boric acid in the cold filtrate, by 
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adding 2 c.c. of a 1 p.c. neutralised solution of 
]ihenoljj}ithalein in alcohol and N/lONaOH until 
a certain blue shade appears, glycerol, about one- 
third of the volume is added and the titration 
with N/lONaOH continued until the blue shade 
again appears. 1 c.c. of N/10NaOH=0'0071 gram 
boric acid. In the case of cream the fat may be 
estimated from the dried copper coagulum by 
extraction in a Soxhlet tube by light petroleum. 
Another method, due originally to Gooch, 
depends on the volatdisation of boric acid as 
methyl borate by distillation with methyl alcohol i 
(c/. Uassal, Analyst, 1800, 230, and llehiier, ibtd. 
1891, 141). Forinalddiyde may be detected by 
numerous methods, the most simiilc of which is 
due to Hehner (;ibid. 1890, 9-1); when strong 
sulphuric acid is added to milk it forms a violet- 
blue coloration at the junction of the two 
liquids in the presence of formal ilehyilo, provided 
that a small quantity of an oxidising agent be 
present. Leonard (Analyst, 1 890, 1 07 ) and F arn- 
steiner (Chein. Zeiitr. 1897, i. 133) have shown 
that ferric chloride is the beat oxidising agent, | 
and Rosenheim (Analyst, 1907, lOii) has pointed ' 
out that this last is a tryptophan reaction. i 

Other tests are those! of Trillat with dimethyl- j 
aniline (Conipt. rend. 1892, 891), Richmond and i 
Boseley with diphenylamine (Analyst, 1890, j 
155), Ridcal ^vlth Sehiff’s reagent {ibid. 1895, j 
158 ; c/. Richmond and Bosclcy, /.c., and j 

Hehner, l.r.), Mitchell with Nessier’a reagent I 
(Analyst, 1897,97), Jonssen with morphine (Bull, i 
Soc. chim. 1897, 17, 107), Vamno with phloro- 1 
glucmol (Chem. Zontr. 1809, i. 710), Gabutti , 
with carbazolo (Boll. Chim. Farm. 1907, 349). | 

Peeservation and Condensation of Milk. | 

To preserve milk for any length of time at j 
the ordinary temperature it must be sterilised. I 


This may be done either by ralans of antiseptics, 
such a.s salicylic acid, borax, or boric acid, &c. 
— the presence of which is highly undesi ruble 
in food — or, as is more generally practised, Oy 
the agen^ of heat. For the action of drugs, v. 
Soxhlet, J. Pharm. Chim. 0, 118 ; Mayer, Milch. - 
Zeit. 1882, 321. A temperature of fOO" is in- 
suirioient to sterilise milk completely. Dielzell 
found that milk heated for 20 minutes to 105"- 
110® only kept sweet for a few weeks, whilst that 
heated to 100®-! 15” for 20 minutes (5 minutes 
I at 115®) was perfcAly sweet 3 years later. 

I Duclaux kept milk unchanged for 5 years by 
exhausting the air from the containing vessel 
and subsequently heating to 120®. 

Milk can, however, be preserved unchanged 
by mixing it. with a eonsidora hie percentage (not 
loss than 12 p.c. of its weight) of sugar, evapo- 
rating to a semi-solid mass, and excluding the air. 

The first Fkglish patent covering this process 
was granted to Do 1 1 cine in 1810. Other English 
patents on condensing milk were, granted to 
I Newton in 1835, Grimway m 1847, Do Lignao 
' in 1847. A patent for a vacuum pan for 
i evaporating milk was granted to Gri'cn in 1813 
j ( Eng. Pat. 3754). 'I'he manufactuio of condensed 
i milk on a eommereial scale was lirst successfully 
! introduced m the United States of America by 
j Borden in 1850. The Anglo-Swiss Co., which 
j produces the larger portion of the condensed 
1 milk made in Europe and Australia, was founded 
i in 18t)5-0 

I FleiBchmann gives the following account of 
I the process of manufacture of condensed milk 
I loiih addition of sugar. The milk on delivery 
I 13 weighed, filtered through a wire sieve, and 
j thrown into a reservoir communicating with the 
I tank A (Fig. 1), tapjied into cans 20-30 inches 
j deep. A number of these are placed in the 
I water-bath b which is heated by steam from a 



perforated coil at the bottom, communicating 
with the steam-pipe f. (Beside each water-bath 
is a smaller bath for cleaning the cans.) When 
the milk has attained a temprt ature of 87°-94® 
it is transferred to the vats c or d, which have 
false copper bottoms, into which steam can be 
introduced to prevent the milk from cooling. 
The vat e contains the necessary quantity of 
caa^-sugar — 12 p.c. of the weight of the milk, hot 
milk is thrown in, stirred, and passed back to o 
through a filter, and this is repeated till all the 
sugar is dissolved. 

The milk in o is then sucked up by the pipe G, 
which terminates in a sieve, into the vacuum v 
(Fig. 2). This is a spherical copper vessel, with 
a wooden jacket round the middle and with a 


I false bottom, into which either steam or cold 
water can be introduced. There is also a copper 
! coil inside the vacuum, into which steam and 
j cold water can bo passed, a (Fig. 2) is the pipe 
through which the sugared milk i« introduced ; 
B is a sight-hole, hermetically closed with a 
thick glass plate ; c is a thermometer ; d a 
manometer ; e a condenser ; f the cold-water 
pipe for the condenser ; o the pipe leading to 
the air-pumps ; ii an air-cock ; i is an exhaust 
pipe for the condensed water ; k and L are cold- 
water pipes for clearing the vacuum ; m an 
exhaust pipe for the waste water from the space 
! beWeen the two bottoms ; N an exhaust pipe 1 or 
the coil inside the vacuum ; o a pipe for draw- 
ing samples of milk ; p the delivery pipe foi the 
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condenfied milk ; (fa steam pipe for supplying the 
space under the false bottom ; r a su})ply pipe 
for the coil. On the other side of the vacuum 
there is another sight-hole resembling b, behind 



hiu 2. 


Milk Condensed without addition of Sugar- 

In America the milk is filtered, heated to 00° 
or 70“, filtered again and condensed in a vacuum 
at 40‘'-45° to about ^ of its bulk. A portion of the 
cream is often abstracted before condensation. 
This mdk wdl not keep for more than a few 
(lavs. mdk prepared at Romanshorn 

(8\vitzerlaii<l) keeps better, but the process of 
iiuinufaetuti- is not known. It is ladicved that 
the milk is heated to aliout 120° in its pre- 
j)aiatioii, as about j ol the albumin is coagu- 
hil(-d, Avhilsi, 111 ordinal y (sweetened) condensed 
milk only about h.dl tin- albumin is coagulated. 
A jMU'tioii of the eieaiH is abstiaeted befon* con- 
densation on a( eoiini of the rancidity winch a 
largo amount of fat (pnekly occasions. 

fScherH’s process, Avhieh is in use at Sb'iidorff, 
consists 111 lirst/ stei ihsiiiii; the milk hy heating 
it to toi 1-2 hoiiis in sealed vi-ssels 

nndei a ])iessiire of 2 4 atinosplieres. It is thi-n 
eoiideiiBcd either to ^ or to ^ of its bulk in a 
partial vaeiiiini at a t.enijieiaturi; of fi5°-70° and 
a pre.ssiire of 1 1 mm. 

Voelcker gives the following analyses of 


which a light is placed, whilst the jiroirress of 
the operation is eontinyaliy watched thiough b. 
'Fho air-pumpB are sot to work, but no steam is 
jiassed in until the milk is seen to be hoihmj 
briskly; the tmufieraturo is then regulated to 
(10°. The pressure inside the vacuum is generally 
00-100 mm. 

When a samph', taken out and cooled is of 
the right consistiiney, cold water is turned on in 
both the cod and false bottom, and after a short 
time the milk is run out and quickly cooled to 
15°. It is then tajiped into canislins ; the 
eovoi.s, which are ]>iereed with a tine hole, are 
.soldered on — the lieat of the operation causes 
the greater jiarfc of the K'snbial air to be ex- 
pelled , the hohi is then ijuickly soldered over. 

Various modifications of the above piocess 
are adopted. In some jilaecH, for instance, 
special precautions are taken to regiihite Hk- 
temperature of the water-bath, and the heat is 
not allowed to rise above fiO°-75° ; in others a 
series of ledges are arranged in the vacuum, so 
that the milk trickles down from one to the 
other and is more quickly condensed, &c., &c. 
Crandeau and Kramer (.) Rharin. Chiin. 1(>, 207) 
state that at Zuneh the addition of sugar is 
made to tlje milk heated to 3.5°, and the tem- 
perature in the vacuum is not allowed to rise 
above 52°. 

In many cases ]iart. of the erenm is removed 
before condensation. 


Analy.sis of Condknskd Milk (Sweetened). 


Water 
Fat . 


i Anglo- Anglo- 
! Nestle Kestle Sw-isi? Swiss ,(!luun . . p 
I ' Co. I Co. I 

15-30 24-48 24-94 I 2^-03 i 27 67 23 08 
8-85 irS3 1 8-90 6-13 j O'SS 9-74 


Albuminoids 9-98 1 10-97 j 0 68 12-65 | 16 53 9 80 

Milk-sugar . : 13 02 : iriO ; 13-29 1 12-50 ! 18-20 ■ 12 93 

Cane-sugar . 50*08 39 95 41*24 , 41-21 ! 30-65 , 41 80 

Ash . . I 2-17 i 2 08 1-95 1 88 ! 2-20 2 1)5 

' ‘11 


JFor methods of estimating sucrose in edh- 
densed milk, ate .Jolles, Analyst, 1911, 3fi, 28; 
Nowak, ibid. 1912, 450. 


un. sweetened milk : 



I. 

11. 

Water . 

. 57 -9() 

51-72 

h'at 

. lt)-()2 

14-33 

( 'a.sein . 

S .50 

11-09 

Milk-sugar 

. 10-32 

19-51 

Ash 

2-20 

2-75 


For an au niiiit of the inaiinfacturo of eon- 
deiis(‘d milk, milk powders, &e., and a discussion 
(if metliods of analysis, with special reference to 
Ameiicaii and Canadi.m ])raetiee, .see R. T. 
Mohan, Jour 8oe. ('hem. link 191.5, 34, 109. 

Kephir. 

Milk does not reachly undergo the aleohulie 
f(Tinentati(U) hy the action of yeast, though a 
small amount of alcohol is forrm'd during the 
lactic fei ment ation. 

Tn the Caucasus a speiiai ferment (kephir 
grains) is used which has the property of speedily 
indneuig alcoholic fermentation in milk. Keiii 
(Hiol. Zeiitr. 2, 137) found in the grains two of 
tlie organisms of ordinary yeast {Sucrliaromyvi s 
cn'evisKv) and a bacillus {Duspora mumdea). 

For the manufacture of kephir, r. Krannhals 
(.J. Rharm. Chim. 14, 191), llaceius (Bied. Zentr. 
188.5, 2bt!). 

* The milk-sugar is changed by the action of 
the grams partly into carbon dioxide and alcohol 
and partly into lactic acid ; small cpiantities 
of glycerol, acetuq succinic, and butyric acids 
are also formed. The casein and albumin are 
partly peptonised. 

Kephir is an ggreeable nourishing drink -with 
a slightly sour taste. It is best rclnshed when two 
days old, and three days after reparation it is 
decidedly sour and stronger in alcohol. 

Konig gives the following average composi- 
t ion of kephir : 


Water . 



. 91-21 

Alcohol . 



. 0-75 

Fat 



. 1-44 

Sugar 



. 2-41 

Lactic acid 



, 1-02 

Casein . 



. 283 

Albumin 



. 0-36 
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Heraialbumose , . . 0*26 

l\^ptonfi .... 0*039 

Total proteins. . . . .3*49 

Ash 0*08 

A simple method of making kephir consists 
in taking some of the good 3-daya’ old product, 
adding 4-5 jmrts of cow’s milk, and allowing 
it to forment for 2 days with occasional shaking. 
The consumption of kepliir has maih^ consider- 
able progress, and it is now the custom to take 
it medicinally, although its preparation in 
reference to the [irodiiction and sigmlicanco of 
the so-called kejihir grains is still obscure, lii 
the (Jaucasu.s kepliir is prcjiaM'd irom milk, par- 
ticularly sheoji’s and goat’s uulk, in peculiai 
leather pipes {hunhiik^) by adding to it ke|)bir 
grains as ferment. Struve h;is inv(\stiLMte(l 
the formation of tins ferment and studnal 
its pi’ojierties. Since tin' augmentation of the 
kejiliir grains taki's placi' when the milk is kejd 
in leather pipes, their growth must nin'essarily 
lie affected by the milk constituents, and 
although it was d prion imnossible to iletiTiuiiie 
what changes tin* ingiedients consumed dining 
tliis jirooess undergo, it was assumed that the 
substances belonging to tlu* grou]* of iirotems 
would maintain their gcmual type', to a gicatcr 
or h'ss degree. 100 parts of the grain diied in 


t he air gavi* : 

Wali'r JJ-21 

l^'at 2 <M) 

i’ejitones soluble in water . 10*98 

1‘rotein.s soluble iii ammonia 1 1 *32 
l‘i'()t('ins soluble in })oiusb . 30‘3t) 

Insoluble residue . . . 33*11 


On dige.stuig the insoluble residui* m a dilute 
solution of potasii and subjecting it to micro- 
scopical examination, it showed an intimate 
inixturo ot yeast fungi with the bacteria de- 
scribed by iverti under the name of Dmpoia 
canrasiut. Struve coiicludea that only 33*11 
|j e. of the total suhstaiice of the grains con- 
stitutes the active termi'iil. With kejiliir grains 
of the ahov(' composition a drink is jircpared 
whieli, according to Podwisozky, contains only 
traces of alcohol after 24 hours’ bottling, whilst 
in 48 hours it becomes linsk and contain* a con- 
siderable amount of alcohol, the latter increasing 
still further after the lapse of another 24 hours. 
On subjecting the three drinks characterised 
by the difference in the duration of 4io fermen- 
tation to analysis it was found that althoygh 
the percentage of casein was tlie same in each 
ease, the latter was not completely soluble in a 
mixture of dilute ammonia and potash. In the 
solution ot the casein of the kephir of one 
day’s fermentation only traces of a precijiitate 
were observed ; the kephir 2 days old gave 
0*05 p.c. and that 3 days old <^22 j) c. of residue. 
Microscopical examination of the residues 
showed that yeast fungi only were present, 
bacteria or other forms of fungi being entirely 
absent. From this Struve infers that- the 
fermentation of the milk is dependent upon 
the growth of the yeast fungus {Saccharomyct-^ 
myc^erma, Mycoderma cerevisicB et vini) con- 
tained in the kepliir grains, wliilst the bacteria 
Dinpora caucasica take no active part in the 
fermentation. This conclusion is confirmed by 
the fact that the finished kephir is capable of 
fermenting fresh portions of milk. From the 


results of this iuvestigation**Struve concludes: 

(1) During the fermentation the yeast fungus, 
uuder the influence of the power of vegetation 
and of osmotic laws, enters into animal as well 
as vegetable tissues, and disposes them to a 
variety of changes. 12) The development ol the 
yeast fungus in the interior of oigHiiic tissues 
may, under favourahlc conditions, assume the 
character of a special process of fermentation. 

(3) 'I’hc effects of such a jirocess are mereased 
when the evolution of cai boii dioxide is re- 
tarded. ( f) Aiumtil tissui's into which the yeast 
fungus has entered exhihit m sugar solutions as 
will as 111 milk all aji|»e.iraneos of vinous fei*- 
inoutatioii. They can tlierclbre be used instead 
of kephir grains for tiie jui'iianitioii of kephir. 
(5) 4lje formation of the kephir feimeut is the 
cause of a peculiar grow'tli of the yeast fungus 
within the tissues of the leather jupes during 
the proecs <*f feinicMlation, its fuugoid form 
being due to the (levelopinciit of curhon di- 
oxide. ((>) I’liii hactciia hispora caiu'annt must 
ho regarded as resuluea of iibnls of the tissues 
of the leather jiipes (Iter. 17. 13(i4; J. ISoe. (’hem. 
Ind 3,493). 

Milk rownmi. 

Ily evaporating condi'iiscd imik in a vacuum 
chamber it is reduced to a solid form. Many 
jiatents have been taken out for drying milk ; 
Just and llatiniiker use rollers heated by 
steam above the tmujicrature of loo'll the 
milk being fed on to them at such a rate 
tli.it it IS nearly dry by the time that the 
adhe.ring liitn reaches i'.nives touching the sur- 
face of the lollers, that nuuove it continuously. 

A small fiuantity of alkali is added to render the 
milk jKtwder soluble in water. 4'he rollers may 
be surrounded by a jacket through which a 
cm rent of air passes, or from which the air is 
exhausted, lu winch case the tcinjicrature of 
the rolliTs 18 not so high,’ and a more soluble 
product IS obtaiiied. 

Under the Htauf, MeiTcll-Soiik', and Jievenot 
dc Ni'vcu patents, milk is sprayed through small 
oiilifi's under prcssuic, into a large chamber 
through which warm air is jiasscfl ; cvajioratioii 
takes plac(', and the solid milk falls in very 
minute particles ; this method produces a very 
soluble jiowdcr, without the addition of alkali, 
and the tat does not sojiarate in oily globules, as 
it does from milk powders preparad by other 
methods. Milk powders projiarod from skim 
milk keep well, but tliosi' containing the fat liave 
a ti'iideiicy to turn rancid or tallowy ; this is 
partly due to oxidation, a large surface of the 
fat being exposed to the air, and partly to the • 
action of the neutral enzymes of the milk, 
which are not destroyed at the temperatures 
employed. 

The following are tyjucal analyses of milk 
powders : 





Ml'k 

1*10- 

Mineral 

Designation Moisture 

li’ut 

sugar 

teiiia 

matter 

Knnehod , 

1*4 

3t)*8 

33*8 

22*8 

6*2 

Full cream 

4*7 

29*2 

35*7 

24*8 

6*6 

Half cream 

4*9 

11)4 

43*6 

28*6 

6*6 

8kim 

3*4 

2*1 

54*5 

31*8 

8*2 

Whey 

2*7 

0*7 

7b*5 

14*0 

8*1 

• 


( 

22*0 



Sweetened 

l*ti 

17*7 

cane sugar 
38*9 

15*6 

3*6 
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* Cream. 

On allowing milk to stand, tho fat globules 
rise to the surface, and form a layer on the 
surface ; under the influence of gravity the 
rate of rise of the fat globules is slow, and 
the whole ^of the cream cannot be obtained 
before the milk turns sour. By centrifugal 
force the rate of motion of the fat globules 
can be much increased, and practienlly the 
whole of the cream removed ; the modern 
cream separator consists f)f a^teel bowl rotated 
at a high rate of s])eed (r.OOO-KhdOd revolutions 
per minute) into which the milk is fed by a 
central inlet tube ; from this it passes to a series 
of chambers (usually forriK'd by a number oJ 
conical discs— the Alfa device), in winch the 
heavier jiortion — tho skim milk — passes to tJie 
outside ot th(' bow 1, w bile the lighter tat globules 
collect in the centre, and escaiie by an outlet iit 
the top of the howd, the skim milk fieinti: reinovisl 
from near the ])en]ihery by a senes of tubes oi a 
special chamber, and discliarged at a lower level 
l^ro vision is made by an adjustment of the ereaiii 
outlet for varying the ]iroportion of skim milk 
and cream removed, and thus the thickness of 
the cream. 

Qualitatively cream has the same composition 
as milk, but differs quantitatively in containing 
a very much larger percentage of fat; the 
other constituents, except those soluble in the 
fat (lecithin), or those existing in the sobd form , 
(tho cellular clomonts) are depressed in propor- | 
tion to the increase ot tlu5 fat. j 

Clotted or Devonshire cream is prepared by i 
sotting milk in pans, and when a layer of cioarii 
has risen to the surface, heating on a watcr-hath | 
nearly to boiling ; tho cream is removed on tlie 
iollowiiig day, As evajioration takes place from 
the surface, not only is the percentage ot fat 
raised, but the non-fatty solids an* proportion- 
ately high. I 


CoM^oslTIo^ OF Mammalian Milk. 



W* liter 

Pal 

Sugar Casein Albumin 

Ash 1 

Cow 

87 25 

3*75 

4 75 

3*00 0 40 

0 75 1 

Woman , 

88-20 

3*30 

()-80 

1 00 0 50 

0 20 

Goat 

80-04 

4 03 

4 22 

3 49 0 80 

0 70 1 

Sheep 

81-. 31 

0*80 

5 23 

4 02 1 00 

0 98 

Buffalo . 

82-03 

7*01 

4 72 

3*54 0 60 

0 90 1 

Mare 

80-80 

1*17 

0-89 

1-84 

0 30 

Ass 

90-12 

1*26 

0-50 

1 32 0 34 

0 40 

Mule 

91^0 

1 59 

4 80 

1 04 

0*38 I 

Bitch . 

76-44 

9-57 

3-09 

0 10 5 05 

0 73 ! 

Cat 

81-03 

3 33 

4-91 

3-12 5-90 

0 58 

Rabbit . 

69-50 

10-45 

1-95 

15'54 

2*56 

Llama . 

80-55 

316 

5-00 

3 00 O'UO 

0 80 

Camel . 

86*67 

3 07 

5-59 

Too 

0-77 

Elephant. 

07-85 

19 57 

8-84 

3 09 

0-05 

Mow 

82-84 

6-71 

4 97 

5*90 

1 02 

Porpoise . 

41-11 

48-60 

1*33 

11*19 ^ 

0 57 

Whale . 

48*67 

43*07 


”^1 

0 40 


Human Milk, 

Human milk differs in important particulars 
from that of tho cow. It is not curdled by 
rennet, appears thinner, and contains more 
sugar and less proteins. 

Fat, The fat of human milk contains a very 
much smaller quantity of volatile acids than 
that of cow’s milk, and a larger amount of ud- 
saturated acids (Laves, Zeitsch. physiol. Chem. 
10, 3C0 ; lluppel, Zoit. Biol. 31,1; I’izzi, Staz. 


Sper. Ag. 1894, 015 ; Sauvaitre, Ann. Chim. 
Anal. 1002, 143). The refractive index is 
I higher, and decreases as lactation advances and 
I free fatty acids are present (Carter and Rich- 
; raond, B. M. J. 1808, 199). 

Sugar. According to Radenhausen (Zeitsch. 

' Chein. 5, 13) and Denig6R (J. Pharm. Chim. fv.] 

I 27, 413), the sugar of human milk is lactose ; tho 
last author, hoAvever, states that there is another 
carbohydiate w^hieh modifies the properties, 
Avhiist 'Denig^'S finds a second dextrorotatory 
I carbohydrate present. Carter and Richmond 
1 {I r.) give the spceilic rotatoiy pow er as 48’7°, 

; and stale that it eryst.illises m ihomboid plates ; 
i lliey eonsidei that more than one sugar is 
i present. 

j Proteins. The casein of human milk, 

I tliough closely related, differs fi 'iii that of cow’s 
milk ; it is not curdled by rennet, does not 
1 exist in combination wdth calcium pbospbati*, 

I and 18 thrown down by acids in a very liiiely 
I divided state. Dogiel (Zeitsch. ('hem. 9, 591) 

I attributes this to the small amounts of salts 
I ])resent ; if the salts are raised to the standard 
of cow’s iiulk, the casein comes down in flakes. 
Ivobiak (IMliigor’s Arrliiv. 1900, 09) says that 
it IS less aeid, and by repeated precipitation 
wutli acid and solution in dilute alkali, a product 
like the casein of cow’s milk is obtained; he 
consideis it as a iiuclt'O-jirotein plus histoii or 
protamine. Lehmann and Hempel (T’fliigor’s 
Arcliiv. 1894, 50, 558) iincl LOD i).e. of sulphur 
and 3*2 p.c. ash, as against 0*72 and 0*47 pc. 
respectively in the ca.sem ot ew’s milk. Sikes 
(J. rhysn»i 1900, 404) gives the pioportion of 
(ki to proteins as J’OO : 100. Wroblew ski (Diss. 
Berne, 1894) also flnds more sulphur, and states 
that no nuclein is present. Abderhalden and 
Schittenhelm (Zeitsch ph3'^siol. Chem. 1900, 
458) find that whilst biological tests show^ that 
the casein of human milk differs from that of 
the cow, the projjortion of ammo-acids is very 
similar (c/. also Tangl and Czokas, Pfluger’s 
Arehiv. 1908, 534 ; also Abderhalden and 
Langstem, Zeitsch. physiol. (Jhem. 1910, 8, find 
no difference in yield of amino-aeids). 

Wroblewski '{ibid. 1898, 308) states that the 
amounfc of opabsin {q.v.) is abundant in human 
milk. 'Carnerer and Soldner (Zeitsch. Biol. 
1898, 277) find 40 p.c. of unknown protein in 
human milk. The ratio of protein nitrogen to 
total nitre^en is 0*88 (Camerer and Soldner, /.c.), 
0*ty (Munk, Virchow’s Archiv. 134, 501). 

Salts. Human milk contains only about 
0*03 p c. calcium and 0*029 p.c. P2OJ (Sikes, l.c.), 
or 0*044 p.c, B2O5. according to Stoklasa 
(Zeitsch. physiol. Chem. 1897, 343) ; of the P2O5 
0‘012 p.e. belongs to ‘the proteins (Sikes). 
These quantities are very much lower than those 
found m cow’s mitk. (ktne acid is present. 

Gases. Kulz (Zeitsch. Biol. 1895, 180) finds 
O 1*07-1*44, COo 2*35-2-87, and N 3*37-3*81 p.c. 
by volume. 

Enzymes. Oxydase does not appear to be 
normally present in human milk, but there is 
I much catalase, which is destroyed at 75° 
(JoUes, Zeitsch. Biol. 1903, 248). A proteoclastic 
enzyme is also found. B^champ (Compt. rend. 
76, 836) describes an amylolytic ferment. 

Composition. — Tfie most extensive studies of 
the composition of human milk are those of 
Leeds (Chem. News, 60, 263, 280), Pfeiffer (J. 
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Pharra. Chim. 13, 163), Carter and Richmond 
{I.C.), Ijehmann and Hempel (l.c.), Szilasi (Chem. 
Zeit. 14, 1202), Camerer and Soldner (Zeitsch. 
Biol. 1896, 43 and 535), and V. and J. S. Adriance 
{Pamphlet Abstr. J. Chem. Soc. 1899, ii. 115). 

It is difficult to deduce a mean composition 
from the results, as human milk appears to 
undergo a progressive change of composition ; 
the table below is an abstiact of the results of 
the observers : 

Total I’ro- 

Date from birth solids Fat Sugar teins Ash 
1st day (colostrum) 15-7 31) 4-0 8‘3 t)-4 

latweek . . 12*0 3*5 6*1 3*0 0*3 

2nd week . . 12*35 3*35 6*6 2*15 0*25 

3rd & 4th weeks . J2*I 3*4 6 75 ]-75 0 22 

After let month . Jl*8 3*3 6*8 1*5 0 2 

The fat is the most variable of the consli- 
tuonts, the maximum found being 9*05 (1‘.) and 
tlio miniimim 0*47 (C-. and R.). Korster (Ber. 14, 
591) states that the last portions drawn from 
the lowest are richer than those preceding, 1*71, 
2*77, and 4*5 p.c. being found in throe suceessive 
samples, ('artcr and Riclimond, however, find, 
from the exammalioii of 37 samples taken 
before suckling and 37 after, that there js little 
ditlprenei' in the fat; in 15 cases the fat was 
highei, and in 21 cases lower, while in one 
(wffiero the reaction was exeessivi') the coinposi- 
tion before and after suckling w'as identical, 
'[’he maximnm ditTen ncc (with a veiy delicient 
Ruj)})ly) was shown in a ease where 0 *s1h p.e, W'as 
fouml befoio suckling and 4 07 p.c. after. 1'he 
cases 111 wlinh Iho fat Avas found higher before 
suckling geniii’ally occuried when tlie mother 
was lying down, and hence it would seem that 
the separation of cn'arn w'as largely mechanical 

When lactation is established the sugar 
usually vanes between (5 and 7 p.c., though 
Carter and Richmond record a samjile containing 
8*89 p.c. and the proteins between i and 2 }• e. 

i?6;acf 10 //.— Human milk aIw'a 5 ^s ujipeais 
alkaline to litmus, and the at idity to phenol- 
phthalein averages 3 c.c, N neid jier litre. 

Healthy children of both sexes discharge, 
from their .seventh to their twelfth day from 
liirtii, a white secretion from the breast (//o/or- 
milch), which resembles human milk in eitmjiosi- 
tion, 

Mij.k of othkr Animal.s, 

Mare’s milk is white, sp.gr. l*0;y> (1*034- 
1*036). Jt IS much sweeter than cow’s milk, 
but contains less fat and proteins. Mare’s milk 
is distinguished from all others by its small 
amount of tat. 

Koamis6 is a vinous liquor made by the 
Tartars by the fermentation of mare’s milk. 
It is a white, sweetish, effervescing liquid, some- 
what sour when old. The •sugar gradually 
diminishes with ago, whilst the alcohol and the 
lactic acid increase. 

It is prepared by adding 1 pail of old koumiss 
to 10 of fresh milk, and warming for 2-3 hours 
to 20°-25'’. Carbon dioxide then comes off, and 
the liquid is bottled and left to mature. (For 
manufacture and analyses, r. Victh, Analyst, 13, 
2 ; L. V. S. 31, 353 ; lliel, J. 4, 166.) A similar 
preparation in imitation of the tnie Russian 
koumiss is made in Switzerland and in this 
country from cow’s milk by adding a small 
quantity of sugar and yeast to skim milk ; it 


j contains more sugar and le^s lactic acid than 
I old Russiaji koumiss, and on account of the 
i much greater proportion of casein contained in 
I cow’s milk differs considerably from that pre- 
I pared from mare’s milk (Phil. Trans, [iii.l 1. 861, 
' 888 ). 

H. Suter-Naof (Ber. 5, 2H6) gives the coinposi- 
I tion of Swiss koumiss (sp.gr. 1*1286), manu- 
: fuclured at Davos, as follows : 


In 

100 grams 

Per litre 

W.iter . . • 

90*346 . 

1019*64 grams 

Alcohol 

3*210 . 

36*23 „ 

Lactic Hcid 

0*190 . 

2*14 ,. 

8ugar 

2*105 . 

23*75 „ 

Alhuminatcs . 

! *860 . 

20*99 „ 

Butter . 

1*780 . 

20*09 „ 

Inorganic salts 

0*609 . 

574 „ 

Free carbonic acid 0*177 . 

2*00 „ 


For obs{ rtlitions on the changes and action . 
ol Russian koumiss e. Jagiolski (Pharm. J. [iii.] 

1, KOI, 885) ; J. T. George (Phil. Trans, [iii.] 3, 
544). 

Ass’s milk is white, and sweeter than cow’s 
milk. Sp gr. between 1*()23-] *035. 

It leadily turns acid, and easily undergoes 
fermentation. (Korcomiyjsition, v. Table, p. 380.) 

Goat’s milk is while, of insipid, sweetish 
taste and pcM uliar odoui. It is a little richer in 
sdlids than cow’s milk. iSp.gr. 1*030-1 *035. On 
eoagulation its easein foims thick clots. (For 
composition, v. Table, p. 380.) 

Sow’s milk. Petersen and Oekhen (Bied. 
Zentr. 1897, 711 ; and Milch.-Zeit. 1896, 655), 
Henry and Woll (Ann. Rep. Ag. Kxp. Stat. 
Wisconsin, 1897, 10), and Woll (Exp. 8tal. 
Record, 1900, 84j havt' examined the milk. 'The 
average composition is 

Holkts 

Fat. SuKur Proteins Ash not fat Sp gr. 

6 71 4*97 5 96 1-92 N *95 1*0389 

'J’lie tat vanes from 2*4 to 12*1. 

Sheep’s milk. Besana (iStaz. 8per. Ag. Ital. 
1892, 572), Hucho (Landw. Jahr. 1897, 497), 
'I’nllat and Forestien ((’om])t. rend. 1902, J34, 
1517 ; Ann. Glum. anal. 1902, 321 ; Bull. 8oc. 
chim. U)03, 29, 286), iTzzi (Staz. 8por. Ag. ital. 
1894, 615; P’leisehmann (Book of the Dairy, 
1896, 56), Mean composition : 

Solids 

Fat Sugar Proteins Ash not fat Sp rt. 

6*86 5*23 5*52 0*98 11*83 1*0386 

Buffalo’s milk. F. Ktrohner (Zeitsch. Nahr, 
Genusam. 1888, 88), W. Flcischmann (Book of 
the Dairy, 189t», 57), A. Pizzi (8taz. 8per. Ag. 
Ital, 1894, 615), WindiHch (Zcitsch. Nahr. ^ 
Genusam. 1904, 273), Leather (Analyst, 1901, 
200, Imlian Buffalo), Pappel and Richmond (J. 
Chem. Soc. Trams. 1891, 246, Egyptian Buffalo). 

• IL D. R. 

MILK-SUGAR. The manufacture of milk- 
sugar was onginaliy started in Switzerland, and 
IS carii(‘d on in other countries in Europe, 
notably in Germany and Sweden. 

In the (Jrrninv .system the whey is neutralised 
with milk of lime and condensed about 60 p.c, 
in a vacuum pan to 30“ or 32“B. The thick 
syrup IS run into shallow vats and occasionally 
stirred during the first 10 hours. In about 
2} hours’ time the temperaturo should be about 
20“. To separate the crystals the sticky mass 
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is mixed with oolA water and centrifuged and ' 
the lactose crystals are washed in the drum. | 
Two-thirds of the milk-sugar is extracted in this 
way, tlie remainder being left in the syrup. 
The latter is heated to boiling, the coagulated 
albumen skimmed off, and the liquid again 
oonoentrathd in vami6 to After cooling, 

the lactose is separated and well w^ashed, from 
()-3 to 0-7 p.c. being recovered. About 4 p.e, 
of raw milk-sugar is obtained from the W'hey. 
'i'o remove albumen, traces of fat, A’e., the crude 
lactose is dissolved in water at 4.7" to make a 
syrup of IT)"!!., which is h('a(ed to hoilmg-point 
after the addition of 1 j).e. of })ow(lered charcoal 
and p.c. of acetic acid Jt is then passi'd 
wlnlo still hot through a filtei-]uess, and flic 
clear syi’iip conceiitiated no vacv6 to 
crystallised, and the milk-sugar si'parated, 
washed and dried in rotary inclined cyhn<l(‘rs 
or in vacuum dryers. After codling the dried 
niilk-vsugar is finely ground in a jiehble mill, 
and packed in cases eontaming 100-200 lbs 
'I’he percentage of rolined sugar obtained from 
whey 18 2T)-2'(i p.c. 

'i'hc Sw(^didh syslciii consists in .scalding fresh 
whey, skimming off albumen and fat, and 
evaporating to one-tlnrfi of the original volume 
in an open cheese-pan. It is further concen- 
trated in vaciid at to a suitable consistency, 
and the product luri into large enamelled pans 
with slow rotary stirrers. Jt cools wutliin 4H 
hours to 2.7'^. Crystalhsing and rclining lollow 
the German method, with the excejition that 
some alum is added to the decolourised soluiioti 
of milk-sugar beiore filtration (.J. l^cdei.scii, 
•I. New Zealand JJept. of Agric. J. Soe. Chem. 
Ind. 1913, 247). <S'ce u/w Ladon, art. (■akho- 

IIYDRAT !«. 

MILK TREE WAX, COW TREE WAX, r. 

Waxes. 

MILLERITE. Nickel sulphide NiS, crystal- 
lised 111 the rliombohedral .system. 'J'lie chaiae- 
tcnstic form of the mmeial is as extremely 
delicate hairs and needles {i.e. enormously 
elongated prismatic crystals), usually with a 
radiated groiifiing, but sometimes loosely 
matted together like a wad of hair. On this 
account it was early known as capillary iiyrites. 
The colour is brass-yellow’ with a hnght metallic 
lustre; sp.gr. It is found in cK'viecs in 

nodules of clay -iron-stone in tlii' coal-measures 
near Mertli^r 'I’ydvil in South Wales and m the 
Saar coal-busin ; with cop}>er-oreB in seveial 
mines in Westplinha and Nar^sau ; with lucina- 
tite in the Sterling mine at Antwerp. New 
York ; as velvety, fibrous, encrusting masses 
with pyrrhotite in the (Jaj) mine lu i>aneaster 
Co,, Pennsylvania; and abundantly in qiiarfy. 
near Benton in Saline Co,, Arkansas. 

L. ,1. S. 

MILLET.* A mime somi'what loo.si ly apjilied 
to many species of gras.scs, growinir in troiucal 
or sub-tropiea! countries. As examples may lie 
given the following : — 

Great millet. Sorghum vuUjarc (Pers.). Other 
names given to varieties of this plant are dliuiTa 
or durra, African millet, Kaffir corn, millo maize. 
American broom corn and joar. 

Little millet, Paniemn miUare (Lam.). 
Common millet or Indian millet, Pankum 
mUtaccu7n (Linn.). 

Texas millet, Pankum texanum (Vasey). 


Sauwa millet, Pankum frmnentaceuw {Roxb. ). . 
Japanese broom com, Pnnimm Crus-galli 
(Linn.). 

Golden or Italian millet. Solaria ilalka 
(Beauv.). Varieties of this constitute German 
millet or Hungarian grass, Japanese millet, 
Boer manna, and Californian green moha. 

Pearl millet, Pennisolum lyphoedeum (Rich.). 
Also knowm as Egyptian or cat’s tail millet. 

Polish millet, Panic um sauguinale (Linn.). 
Koda millet, Paspalum dcrobiculntum (lann.). 
3’hc seeds of some varieties are used as human 
food, also in the preparation of certain fermented 
drinks, and as fooiJ for horses, cattle, and 
poultiy. JJroom corn is so called because its 
seed heads, after being deprived of the seeds, are 
erniJoycd m making brooms. J'he w hole jilanis, 
cut green, are employed eitJii'r .is green fodder, 
or hay for farm animals. 

Many of the millets grow' to a height of only 
2-4 feet, but Peail millet sometimes attains b 
feet, w'hile great millet or Kafhr corn reaches 
8 or even 10 feet. 

'I'he following analyses, many of them by 
Chureli (Eood Grains of India, 188b and 1891), 
will serve to show the comxiosition ol the seeds 
of many ‘ millets.’ 

Pro- N-fUic Oiude 

SiH'citiH Water leiii Putcxtiaettihre Asli 

Sorghum vulguK . 12 7 9-3 2 0 72 3 2 2 17 

„ daciharalntn 12'8 11*8 3*0 08 3 3*0 1*1 

Pcnnkdum 

hfl>hot(I(ii)n . 11*3 10 4 3*3 71 7 1*7 2*0 

Sduiia ilalica ^ . 10*2 10*8 2*9 7.1'4 1*5 1*2 

Piinu nm unhiii'o . 10*2 9 i 3*<i ()9*0 4*0 3 7 

„ wi/mcd/iiC 12 0 i2*(> 3*() ()9*4 1*0 1*4 

frumentarium 12-0 8 4 3 0 72*7 2*2 1*9 
,, , sauguinale , 13 4 14 9 4 1 b4*r) 1*1 2*0 

/( ranmn . (?) 4 7 2 1 47*1 23*2 (?) 

Pa-spalum 

sciohicnlatum ^ 11-7 7*0 2 1 77*2 0 7 1*3 

‘ Rangoon millet ’ . 12*4 10*0 3*1 70*3 1*4 2 2 

‘ Millet’ . . 12*9 11*1 4*7 79*7 7*7 4*7 

Dhuira . . 11 7 9*0 3*8 70*1 3*9 2*0 

Sorghum vulgarc . 17*2 9*3 3*3 (18*0 2*7 1*7 

Pearl millet . 9*2 12*9 7*1 08*7 2*1 2 2 

The various millets are largely used as fodder 
jilants^ but cas('.s of death among animals fed 
uiion young plants (of Svighum m particular) 
have been numerous. It has been showm by 
Huiistaii and Henry (Phil. Trans. 1902, A, 399) 
that the^oung leaves and shoots of Sorghum 
indgatc eontaiii aglueosi<le,c///?/nn/, which readily 
hydrolyses by the action of on enzyme also 
presi'iitin the plant, yielding yi-hydroxybenzalde- 
hyde, ^j?-gluc»)se, and hydroeyanie acid. Brumiich 
((Tern, Boe. Trans. 1903, 788) obtained as 
I much as 2*44 grains of hydrocyanic acid from 
' 1 11). of green sorg^nim at 7 wi'oks old, correspond- 
ing to 13*38 grains per 1 11). of dry matter. Tlie 
amount lapidly diminishes as the jilant grows : 
at 9 weeks old, the same sorglium onl}^ yielded 
' 0 2b giain per 1 lb. of green material (0*70 
grain iJCN per I lb. dry matter). 

I Brunmeh w as also able to detect hydrocyanic 
acid in several other varieties of millet. 

' Wiilamau (J. Biol. Chem. 1917, 29, 26) states 
I th.it hydrocyanic acid is present in sorghum 

1 ^ The samples were deprived of their husks before 

, analysis. 

! 2 A sample grown in South Africa, highly prized as 

food for ostriches. 
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not only as the glucoside, dhurrin, but in another | 
form. He also finds that leaves subjected to a 
low temperature contain more hydrocyanic 
acid in both forma than ordinary loaves, thus 
explaining and conlinning the general opinion 
that young sorghum ia especially poisonous 
after a frost. 

When aulhcicntly grown, however, the 
various millets afford good fodder, and the 
smaller varieties, nutritions and palatable hay 
'^riu' following are analyses of some millet hays 
grown in the 'rransvaal 



Boer manna . . 7.2 4-!) 1 *0 43 b d 1) 

(Golden millet . . 7 !) IM 1 -0 2U-r) 4 1 •() i) T) 

(Californian green rnolia S b 10 5 1 *2 3r> 0 3r>-(i 

dap. broom corn . b-b b-H 1-2 38-8 3t‘H S S 

II. J. 

MILLON’S REAGENT Alihiminoids. 
MILORY GREEN. Chromf^ (jmu r Pm- 

MEl^TS. 

MIMETITE or MIMETESITE. Cbh.io- 
arsenate of lead 3Pb,As,()g‘Pl)ri2 or 

?b,(Pb('l)(A80^), 

eiystallised m th(' ii('\agonal system and iso- 
morplums with a[iatite ami pyiomoi (ilute. Il 
IS so named, from (Uj/o ti/s, an imitator, bei'ause 
of its close resi'inhlanee to jiyromoi pbite (7.?.), 
Iroin winch it eun he dislintniislied oidy by 
chemical tests. It is ])robablc that some of th(' 
material that lias licen inimal as ‘ In own lead- 
ore ’ has molmied inimotite as well as pyronun- 
pliite. The nmieial often occurs as well- 
devi'lopcd hexagonal prisms, wdli a yellow to 
brown colour, rarely quite colourless and 
tranR])arcnt, and with a resinous lustre. Sp gr. 
7’(t-7’2r) ; 11. 31. A variety (adled titdluhilt 
contains much vanadium, replacing arsenic, 
thus foi mmg a passage to vanadimte. »Similarly, 
by a repiaeeniont of arsenic by phosphorus 
there is a passage to ])yroniorphite. Curved, 
barrel-sLaped crystals, to which the name 
has been applied, were foimmly found 
m considerable abundance nt Pry (fill,* neni 
(’aldbeck in Cumberland. The best ctystals 
have been found at Johann gcorgenstadt in 
vSaxony and Tsumeb in (South- U'est Africa. 

L.yT. 8. 

MIMOSA i: and it.s Derivative^. 

MJMOSA BARK v. Tannins. 

MINASRAGRITE. A hydrated acid vanadyl 
sulphate V^( * (‘'ISOa'ibH/i or 

<V,,0,)H2(80i)3-1.7H,() 

crystallising 111 tlu^ monoclinic or tiiclhiii; .system. 
It is readily soluble in cold wster. As a blue 
efflorescence on patronilc (q.v.) it is of abundant 
occurrence in the vanadium mine at Minasragra, 
near Cerro do Pasi-o in Peru, Tt is an alteration 
product of patronite, and actually forms on 
museum specimens of this mineral. 

L. J. 8. 

MINERAL ACIDS. Acids of inorganic 
origin, e.g. sulphuric, nitric, hydrochloric, phos- 
phoric, &c. 

MINERAL ALKALI. A term originally 
given to soda in. contradistinction to i>otash, 
which was termed the vegetable alkali. 


MINERAL BLUE. Anitkrp blue v. Pig- 

ments. 

MINERAL CAOUTCHOUC. 8yn. with Kln^ 
terite (q.v). 

MINERAL CARBON. Anlhraeite v. Puel. 

MINERAL CHAMELEON. iSodiiun or pola». 
Siam imtufanaie. v. Manganese. • 

MINERAL COTTON. A name given to slag- 
wool. 

MINERAL GREEN. ScheeU ',^ great. Hydro- 
cupric arftcvilc ('ullAsOj v. Arsenic. 

MINERAL INDIGO. A name given to the 
blue oxide ot molybdenum v. Moja'HDKNItm. 

MINERAL KERMES. Anunqjhous antimony 
sulphide ooiitamiri^ the tiioxide (e, Antimonv). 

MINERAL OILS v. Petroleum. 

MINERAL PURPLE. Purple of Caunuu v. 
DoLU. rURPLE. 

MINERAL TALLOW. IJatchcUhie, A 
vaiiety ot to isiktesiii or wax resembling dysodil, 
o/oki'iite, Ac. 

MINERAL TURPETHUM. Mvnutic stil. 
pfiate V. xMi RcmiY. 

MINERAL WATERS r. Aerateo waticr.s ; 
also Water 

MINERAL YELLOW. A te rm occasionally 
given to lead oxyehlotides wlu'ii usi'd as pig- 
ments Lead. 

MINERVITE. A hy<lrate(l jihosphatc of 
alummmm and alkalis ol somewhat variable 
composition but peihajis 

2AIP(.),,-lK,Nil„ll)3PO, •7^1120 
It forms snow-wlute, eartliy 01 pulverulent 
masses, w'jtli sp.gr. about 2. ^kiiling water does 
not extract mori' than a trace of th(‘ alkalis, 
blit the material is soluble in a solution ol 
ammonium citrate. H occurs as beds, reachiug 
a metro in thickness, in caves with bat-guano 
and animal remains. Wlicn first extracted it is 
plastic, ('oiitaimng jiotash and ammonia in 
adilition to phosphoric acid, it is a valuable 
fertiliser. 4'hc following analyses arc of material 
from (uich of the localities from w'bich the 
mineral lias been recorded : J. Minerva grotto, 
i^^auzan, d('p. iPTault., France (A. Carnot, 
181)5). 11. 'ruur-Curnbes grotto, Mmserghin, 
Oran, Algena. HI. A basalt cave in the St. 
Paul district, island of Reunion, Indian Ocean 
(F. Pisaiii, quoted by A. Lacroix, 1910). IV. 
.lenolau Caves, Mew South Wales (J. C. 11. 
Miugaye, 181)7). V. Palmerite from Monte 
Alburno, Salerno, Italy (L. Casfiria, 1*904; also 
SiOj 0-3b, Na,0 0-02). 


P^Og . 
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0 18 
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0-90 
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29-10 

Insol. 

4-35 

J J -00 

__ 

1-09 
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99 80 

101-07 

99-4(i 

L. 

99*64 
1. S, 


MINETTE. A French miner’s name of local 
origin now ajiplied both to an igneous rock and 
to an iron-oro. It was mentioned by ]filie dc 
Beaumont in 1822 (Ann. des Mines, 7, 523) 
and by P. L. Voltz m 1828 as being applied to 
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a rock rich in niiJa met with m an iron (hema- 
tite) mine near Framont in the Vosges Mountains ! 
(Alsace). Possibly, however, there was here 
some confusion, for it seems more likely that 
such a term (evidently a dimmiitivc of mine) 
would be used by the miners for the ore itself. 
JMevcrthelbss, the name is now firmly established 
in petrographical literature for one of the ‘ mica- 
trap ’ members of the group of lamjirophyres, 
a group of dark-coloured, fine-grained rocks i 
occurring in igneous dykes. In this sense | 
minette is now defined as consisting essentially 
of orthoclaso and biotite. Such a rock contains 
40-00 p.i!. of silica. liesides the typical occur- 
rences in the Vosges, it is found m Odenwald in 
Baden, as dykes radiating from the Shap granite 
in the north of JOngland, and at many other 
places. It IS occasionallv used locally for road- 
metal. 

I'hc name rainette is also in^^d locally for a 
particular type of iron-ore extending over a 
wide area in Lorraine, Luxcmbiiig, and the j 


and California, and also in Roumania, Siberia, 
and Chili. Mirabilite is deposited on the floor 
of the Karaboghaz Gulf (Caspian Sea) during 
the winter months, whilst during the summer 
the deposit consists mainly of sodium chloride. 
Masses have been found on the shores of lakes 
in the Antarctic. The mineral also fOfms 
bedded deposits with gypsum and rock-salt in 
Austria, Sicily, Spain, &c. In Spain it is of 
wide distribution, being siiecially abundant in 
the salt deposits in the neighbourhood of 
(kcmpozuelos, to the south of Madrid; an 
analysis of this material showed Na 2 SO 4 , 10 H 2 O 
9H‘P9 p c. It is of rare occurrence in the 
Prussian salt deposits ; and in England a single 
occurrence has been noted in gypsum beds of 
Permian age at Kirk by ^'ho^e m Westmorland. 
Since from solutions rich in sodium chloride 
mirabilito is formed only at temperatures below 
lb“C., its presence fixes a maximum point on the 
thermometer at which these deposits were 
formed. The mineral also occurs as an efflor- 


Krcnch department of Meurtlu'-et-Moselle. This 
is a yellowish or reddish-biow'u oolitic lirnonitc 
fonnaig extensive beds and lenticular masses, 
10-50 metres thick, interst ratified voth lime- 
stoiios, shales, ka., of ^liirassic age. The giains 
of liraonitti, measuring ^-1 mm. across, aie 
cemented by calcito or ferruginous clay. In 
some of the lower beds the ore is greenish or | 
bluish -black, and at times strongly magnetic, j 
though still with an oolitic structuie. I'lie ! 
grains hero consist of chamusite (also known to 
French mineralogists as bortlih*nnc), a hydi’atcd 
silicate of aluminium and iron (FeO about 
40 p.e.) belonging to the chlorite group and 
closely allied to thuringitc {(].r.). This vas no j 
doubt the original mineral, which by oxidation 
and hydi'atiun gave rise to the iimoiiitie ores. 
The ore contains Fe 30 40, CnO 5-14, iSiOg 5-20, 
and Portj 1-2 p.e, 'I’hc output in 1912 amoiinlod 
to 44 million tons of oic, and the reserves 
approach 5000 million tons. L. J. S. 

MINIUM t;. Lead. 


osccncc in limestone caves {v.g. the Mammoth 
Cave in Kentucky) ; and has been formed by 
the action of volcanic gases on sea-water {r.g at 
Hawaii). Although inirahilitc is ot abundant 
occurrence, very little use appears to have been 
made of it, except locally for tanning and soap 
making. L. d. IS. ' 

MIRBANE, ESSENCE OF. A trade name 
for nitrobenzene as used in ja rfumcry. 

MISPICKEL, Arsenopyrite, or Arsenical 
pyrites (Her. Arftenikkicb). A mineral consisting 
of iron siilpharscnide FcAstS, crystallising in 
the orthorhombic system. The crystals are 
usually quite sinqiie in form, being bounded by 
a longer or 6bf»rter rhombic prism and terminated 
by dome faces, 'riicy are isomorjihous with 
iiiarcasite (r/.v.). M'hen not tarmshed. the 
material is tin- white in colour with a brilliant 
metallic lustre. Sp.gr (ri ; hardness (i. Granular 
and compact masses arr frequent. A oobalti- 
feroiis vaiiety (4-10 p.e. cobalt replacing iron) is 
known as damite. The mineral is sometimes 


MINJAK-LAGAM v. Oleo-resins. highly auriferous, and it is then a valuable ore 

MINJAK TENGKAWANG v, Borneo of gold, as m New South Wales, California, and 


TALLOW. 

MIRABILITE. A mineral consisting of 
(lecahydrated sodium sulphate NajSO^.lOHjO, 
crystallised in the monoclinic system, and 
identical with the artificially-produced Glauber’s 
salt or sal^mirahle of Claubcr. It is deposited 
in abundance by the waters of certain lakes and 
marshes, particularly in and regions and during 
the colder months of the year. In the Great 
Salt Lake of Utah, when in w inter the tempera- 
ture falls below a certain point, the w ater assumes 
an opalescent appearance due to the separation 
of sodium sulphate as a crystalline precipitate. 
Under favoimable circumstances the shores of 
the lake beenmo covered to a depth of several 
teet with crystallised rairabihte. The material 
is collected into heaps heyond the reach of the 
waves, otherwise witli rising temperature the 
whole deposit rapidly disajipears. Enormous 
quantities of the material are here available. 
Analysis gave; NajiSO, 42-33, HgO 65-79, 
NaCl 0-03, CaSO^ 0*27, MglSO^ 0*02, insoluble 
0-77 p.e. (G. P. Merrill, The Non-mctallic 
Minerals, 2nd od. New York, 1910). Extensive 
deposits of very pure mirabilite are also found 
in the dry lakes at many localities in Wyoming 


Alaska. 

Mispickel occurs chiefly in mmcral-veins. 
Larger quantities are found in the silver-lead 
I veins of Freiberg, ISaxony, and in the tm veins 
of Cornwall and Devon. White arsenic is 
obtainec^as a by-product when these ores are 
I rpasted. L. J. S. 

MITIS GREEN, Copper aceto - arsenate, 

ScJmeivfurth green v. Arsenic. 

I MITRAGYNINE tL.HajOjN. An alkaloid 
I found in th(^ leaves of Mitragyne speewsa, a tree 
j found in the Malay States, Borneo, Iho Philippine 
! Islands, and New Guinea. An amorphous 
I colourless solids distilling unchanged at 230°- 
I 240°/6 mm. ; m.p. 102°-106°. Forms a crystal- 
line picrate, acetate, and trichloroacetate (Field, 

1 Chem. Soc. Trans. 1921, 887). 

! MITRAVERSINE (?). An alka- 

! loid found in Mitragyne diverstfolia. Ciystal- 
! line ; m.p. 237°. Slightly soluble in boiling 
j w'ater and in sodium hydroxide solution. Forms 
a hydrochloride ; rhomb-shaped leaflets ; m.p. 

! 20S'’-210°. 

MITTLER’S GREEN. Syn. with OuigntVs 
; green, art. Uheomitjm. 

! MOCHA-STONE v. Agate. 
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moir£e metalliqoe. The term given 

to the vari«'gatt!(l arborescent or oi-ystallme 
appearance on the surface of tin ])late pro- 
duced by heating the and applying to it 

some dilute ai{u<i u<ji<( for a few seeuinls, washing 
it with water, drying and coating it with lacquer. 

MOISSANITE. Naturally oecurnng carbon 
silicide (\Si, crystallised in the rhonibohedial 
system, and identical with thi' ailihcial product 
known as carboi unduin. As minute, green, 
hexagonal ])latcs, assonated with imcroscopu- 
diamonds, it was detected l)\ Ib'iiri Moissaii 
(1852 -l!)U7) in the meteoiic non of t’ahon Diablo 
in Arizona. L. «). j 

MOLASSES V. SuuAu 

MOLDAVITE m BOTTLE STONE. A glassy 

substance of a clear bottle-gnam eoloui found 
as curiously marked and gutted jicbbles in the 
gravi'ls of the Moldaii mm- in Ihdumiia and in 
other st reams in Ifohemia and Moia\ia. iSpgi 
2\hi ; Jl. .5.1. It contains 7<’> H,‘i pe of silic.i. 


i crystal^fee rocks of variems kinds (granite, 
pegmatite, gneiss, marble, &'c.), molybdenite is 
of wide distribution, though usually only in 
j Hinall amounts, and often in assoevatiou with 
I w'olframite. It is also found in metallitei ous 
veins and in quartz veins, lii small quantities 
it bus been won by mining at iytenbmg in 
Saxony, near Flekkefjord and Egersund in 
Norway, Kmgsgate in New South Wales, at 
Ikuufoid and Wolfiam (amp in the C'hillagoo 
mmiiig (listiiet in North thieeiislaml, in (\inada, 
and in the State!# ol Washington and Arizona. 
It IS the pi'iiieipal source of molybdenum, and 
is used tor tiie pie]iaration of ammomum 
mol\bdate and other eompoiimls employed in 
the lahoi.doi V ; foi the prepaiation of a tine 
blue pigment for dying iahiies; and for the 
maiinlaetiiK' of h-no-niolyhdenum, which, eom- 
hined with (dll ('m'- steel, gi\es a. sidl-hardening 
product, espceialiy suitable for high-speed 
tools jM<»1\ iKhunim sti'cl is used for rifle- 


Analysis of a s]K‘umcii Irom 'rK'hit.'.cli in I 
Moravia gave: Si(D SI 21, A1_,0, 10 2.‘k FcO j 
2‘45, ('aO 2 10, Mgf”) DtiS, Na./o () 42, loss on 
Ignition 0 04 — 00 54. Ihidm’ the names ot i 
psi'udo-chi vsolit (' ' and ' wabu" chiNsoiitc,’ this 
mati'iial is octasional!y ( nt as a gcm-stonc. 
Similar glassi's, known as ti'ktitcs, bilhtonitcs, 
and austiuliti's. aii' lound in othci paits of the 
world. 4'h('l(‘ has laaai mucli disiiussion as to 
their oiigin ; some rcg.nd them to he volcanic 
gl.iss (obsidian), A\hd-.t othms assiut them to be 
of mctisu’ic oiigm 'I’Ih' Bohcnn.in stones have 
been thought to lu* aitilici.U prodmt.s, iiaiiudy, 
tin* r(*lics of an .incK'ni glass making industiy. 
(iiVy h]. SiK'ss, ditliih. (leol ltcichs<mstait, 

Mil'll, 10 0,50; iMitt. ( h'ol (Icscll W K'li, 1014, 
7, 51 ; (k 1*. Mcnill, Ibill. U.S. Nat iMus. 1010, 
No. 04.) D. d. S. 

MOLERA. A hcat-insiilating matciial juo- 
duced in Sw'cdi n liv mixing a kind of liiu' clay 
found on tlu' island ol Alois with lork-dust .iiid 
Jiiing f h(' buck.': so made. 

MOLYBDENITE or MOLYBDENUM- 
GLANCE. A nimeial (amsisting of molybdenum 
disulphide AloS^, ervst.illising in the form ot 
six-sided scales oi short juisms, the system of 
crystallisation being po.ssilily hexagonal, ^d’lu're 
IS a perfect cleavage iiarallcl to the has*', and 
the lamina* arc very flexible hut not clastic 
'riic mineral is very soft (11.- 1), scctih', and 
greasy to the tom h, and it K'.idily marks jiajiei. 
The <‘oli ur is lead-grey with a biiiish flngc- and 
a irmtalhc lustie. S)) gi. 4 7 In its scaly foifli 
and general ap[icaiance nndybdcnitc hears a 
striking resimblance to grajihite, dilTeiing from 
this, howcvi 1 in the bluish tin/l:e ol its coloui. 
It IS, of course, readily distinguished from 
graphite by its greater density and by its 
chemical reactions, ddie naipe inolylKlenite 
(from g(f\v/35or, lead or h'ad-ore) itself bears 
witness to the eonfusion betwei'ii this mineral 
and black-lead or plumbago (giapfutc) , and, 
indeed, the two mineiuls wt'ie not distinguished 
until Scheele in 1778 obUiincd moJybdic aeid 
from one of them. The name jonhsite (F. 
Cornu, 1909) has been given to a black, powdery, 
colloidal form of nujlybdenuin disulphide, found 
in tlie Himmclsfiirst mine at Freiberg in 8axony, 
and considered to be distinct from the crystalline 
mineral. 

As isolated scales disseminated through 
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barrels guns, pi opi llei -shafts, wire, iVc. 

75/r/c/icos.— Ocinnenee and usi's of molyb- 
denum oi'e.s, Hull. Ini]). Inst. ItHKS, 0, 181-191. 
A. W. (J Wilson, Alim'ial Industry, vol. 25 for 
ItllO, New A oik, It>l7 Du moly hdeniti* in 
Quit nsld 11(1 : W F ('aiiK'ion, tleol Suivey, 
(Queensland, 1901. No. *188, L. (' Ball, ihid. 
1915, No. 218. In AVc South 11 u/c.s : F. (k 
Andrt'ws, (h'o! Sui \ ey N S. W. Alin. Resources, 
1910, Fiibl. No. 21 In 7Vo//mam; L. Hills 
and L. L. Mateihonsi', Deol Survey, Tasmania 
Aim. Ib'sonrees, 1910, No. I. In (Vi/aa/o: 

\j. Walker, Dejit Alines, (4ttawa, 1911, 
Fubl. No. 92. In / k.S , I : F. W. Horton, 
Molybdenum, its oics and tlicir conccrilratioii, 
U.S Buicau of Alirics, J910, Bull, ill ; F. L. 
Hess, LkS. Dcol. Survey, Alincial Hesources. 
In Nonnaf: J<]. H. Woakes, Trans. Inst. Mm. 
Alcliill 1918. In the is/cs' : Special 

Rc])oits on the Aliiicial Ib'sourccs ol Dreat 
Biitam, Alcm. (d'o!. Sui vcy, J910, vol. v. 2nd ed. 
1917. L. J. S. 

MOLYBDENUM. Sym. Mo. At.wt. 9(b0 
(Si'iihcit ami I'olluid ; Aliillcr). Tins metal, 
th(! piescme of which in molybdenite was first 
pointed out by Sclu'clc in 1778, and which is 
said to have been isoluti'd by 11 jcliri in 171H), 
IS gioujicd umh'r Mcndclcc'f’s clussilicutum with 
chromium, tungsten, and uranium, but, from 
the tcdimia! jioint of vu vv, it may be regarded 
as a membci ot a group ot heavy metals, includ- 
ing columbiuni, tantalum, tungsten,* uianiurri, 
and vaiuwbum, which occui in the oldest phitomc 
rocks and scliists, and which ari* cajiable of 
impaiting sjiccial jirojicrtics to steel when added 
to it in e'xticmcly small pioportions. 

Molybdenum owi'S its name to the word 
molffhditna, under which title most minerals 
resembling lead in ajipearanee were formerly 
i known, and its natun^ and value ^'ere for long 
so little recognised that its pnneijiul souicc, 
the sulphide (AloSH was frequently passed over 
by the prosjiecBti as being merely graiihite, 
w'hieh it closely resemhleH. 

Alolybdenum oeeuis m tnolf/(jd<nik MoSjj, 
wulfcKiU' rbMoO,, and molybdde {inolyldic 
ochre) FeAMoDjlDiH^D, and in the extremely 
rare minerals poicc/hh* Alu(4^, txioncfiik MgMoO^, 
and patcraile Fet.)o(Mo)()^. It also occurs in 
.small quantities in other minerals containing 
the rare heavy metals of the same group, but 

2 0 
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is probably more all accidental occurrence than 
an essential constituent. Ihemanile, another 
extremely rare mineral, has been described by 
H. F. Vance (Chem. and Met. Eng. 1918, 19, 
18G) as a blue compound, soluble in water, 
having the composition MoO 24 xMoO.i, 0 H_;O {see 
aUoJ. Soc.'Chem. Ind. October, 1918). 

Practically the w'hole of the worhl’a produc- 
tion of molybdenum metal and its compounds 
is obtained from molybdemte, although a 
notable amount of wulfemte is mined annually 
(chiefly in the United States)* and treated com- 
mercially. Molybdenite is found in many 
localities, but the chief sources are, in order of 
importance, Australia ((Queensland and New 
South Wales), Norway, Canada, Japan, and the 
United States. Its occurrence has also beiui 
reported in Bolivia, South Africa, New Zealand, 
&c. The world’s prorluction is jirobably under 
300 tons of coneeiitrates per annum, but is 
increasing. The Mintu-al Industry, 1918, con- 
tains a useful suminaiy on the occurrence of 
molybdenite, and E. It. Woalics deals fully with 
Norway m Trans. Ins(.. Min. and Met. lois. 

Until Within the last lew years, molybdenite 
was chiefly jirodiieed by hand-]jicking from 
pegmatite and other granite rock.«, and from 
schists in which it occurili as sparseley distributed 
flakes resembling high-grade graphite in a])pcar- 
ance and geneial physical properties. Jt was 
formerly only purchased when of high quality 
(90-9.^) p.c. MolS,, eipii valent to .54-57 p.c. Moj, 
and commonly by inspeiition and not on as.say. 
At the present tune, thii demand, although 
somewhat irregular, is ineri'asing, and it is 
purchased on the usual coininere.ial basis of so 
much per unit {uc. ])cr cent, jier ton) of MoS^ 
with a guarantee of not more tlian very small 
amounts of arsenic, bismuth, phosphorus, anti- 
mony, or oojiper. I'ho limit fixed for these 
objectionable iin]mi'ities is always subject to 
special agreement, and largely di'pends upon the 
supply available at the tune of piirchast*. The 
usual grade of concentrate is 75-85 ]).c. MoSj, 
for which the Ministry of Munitions during the 
Avar fixed the price at 105.s-. per unif in England, 
which is very near the price ruling before the 
war. This price was fixed by arrangement 
between the imperial and Colonial Governments, 
an exception being made m the case of Canada, 
whore advantage was alloweil to be taken of 
the higher price ruling in the United fitates. 
Partieularfy in Norway, where the puces have 
been abnormally artificial since the war, very 
low-grade deposits have been worked containing 
as little as 0’3 p.e. MoS,. The irregularity of 
supply no doubt restricts the use of molybdenum 
in the steel industry, and, on the otlicr hand, 
the uncertainty of demand does not encourage 
the systematic working on a big scale of tin 
low-grade deposits which occur m enormous 
quantities in Canada, Australia, the United 
States, and elsewhere. 

The majority of the larger dejjosits of molyb- 
denite now worked are low in grade, ranging 
from i to 2^ p.c. M 0 S 2 . Concentration by 
shaking tables is not applicable to the ores, as 
the flakes of molybdenite float to a large extent 
on the surface of the water and are lost in the 
tailing. When the flakes or crystals occur in 
sufficient size, a high-grade concentrate can be 
made by merely crushing the ore coarsely on 


rolls and screening the flakes on a sieve ; the 
losses are heavy, however, ownng to the more 
finely divided mineral passing with the gangue 
through the sieve, rractically the only method 
of concentration applicable on the commercial 
scale is that of oil (and possibly water) flotation, 
by winch means a very high recovery of the 
M 0 S 2 IS commonly obtained. When associated 
with other sulphides, such as copper, bismuth, 
ordinary iron, and arsenical pyrites, a selective 
flotation of mulybdeiute can be successfully 
effected wuthm limits, but in the ease of some 
ores, (• (/. the molybdenum-bismuth ores of 
Queensland, even 111 1 he best practice the molyb- 
denite concentrate may contain up to 5 p.c. 
bismutli. Diiect roa, sting — volatilisation has 
recently b(*en suggested as a means for the 
ooneeiitration of low-grade molybdenite ores, 
the volatih'. MoOj being subiinied and condensed 
111 flues. 

Mi't.illie molybdenum may be priqmred by 
reduction of molybdic acid MoO,, or, preterably, 
of the loss volatile oxide MoU^, with carbon or 
by the alumirio-tbcrmie jiroccss, or by beating 
the oxides or chlorides m a current of hydrogen, 
or by the diiect reduction of the sulphide by 
carbon in the electric furnace. The usual 
method for producing jmre molybdenum is to 
roast the molybdenite to oxulo, dissolve in 
ammonia, filter, drive off the ammonia, and 
reduce the resulting c^xide by means of hydrogen 
m an eleetni; resislanci', furnace. The produc- 
tion uf ductile molybdenum is earned out in a 
similar manner to that of fuugsfeii. For the 
manufacture of sjiccial sbels, molybdenite is 
almost invariably used in the form of the ferro- 
alloy. Ecrro-m(»lyl)dcnum is piodiiced by the 
diicct reduction of molybdenite, in the electric 
furnace, m adiuixtiiio wifh carbon and lime : 

2MoS2 4-2CaO-b3(>-=--2Mo+2CaK ■|-2CG-1 US^ 

Sometimes iron oxide is also added, deduction 
by means of silicon metal or ferro-silicon is said 
to have been ado})ted m one American works : 

M 0 S 2 -I Si— M o-)-SiS 2 

Lime is sometimes added to help to slag the 
suljfliur as calcium sulphide (R. M. Keeney, 
Bull. ^Amer. Inst. Mm. Eng. August, 1918). 
The usual commercial ferro-molybdenum con- 
tains from 80 to 85 p.c. Mo, 10 to 15 p.c. iron, 
2 to 4 p.c. carbon, and Od to 0'5 p.c. sulphur, 
fllie rcai^iness with which carbides are formed 
probably accounts for the high proportion of 
carbon first present m the metal and alloy, 
necessitating the dcfai burisafion with molyb- 
denum oxide or (in the case of the ferro-alloy) 
with a lime slag and oxide of. iron. When 
wulfemte is the source of supply, the mineral, 
which usually coutains from 16 to 20 p.c. M 0 O 3 , 
is fused with sodium carbonate and carbon for 
the jiroduction of a lead bullion and a sodium 
molybdate slag. Ferro-molybdenum is made 
by smelting the slag in an electric furnace with 
iron oxide and using lime as a flux (R. M. 
Keeney, l.r.). 

Molybdenum, produced in the electric 
furnace, is brittle, and hard enough to scratch 
glass, propei-ties due probably to the presence 
of carbon in the form of a carbide. As obtained 
by the reduction of the oxide by hydrogen, it 
is a grey powder which, on heating, sintering, 
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and swaging at a high temperature, becomes a 
silver-white metal having a sp.gr. of about 10. 
Its m.p. 18 2450'^±3()® (Pirani and Meyer), 2410° 
(Gucrtier and Pirani), i.e. between idatinum and 
tungsten, d’he worked metal is malleable and 
ductile, and is sufficiently soft to be filed and 
polished. Similarly to tu rigstim, it may be drawn 
into fine wire ivliich has ap|)roximateiy half the 
tensile strength of the corresponding size of tung- 
sten wire. Drawn molybdenum wire has a re- 
sistivity of 5 0 microhms jierc.e. at 25'^'t’. (temp, 
coed. O’OOG). Annealed w'lre has the value of 4*8 
microhms. The specific heat of molybdenum is 
0-072 at 93°C., 0-074 at 280^(f., and 0*072 at 440°( 
(Defacqz and (Juichard, Ann. (‘him. 1001, 24, 
130). Molybdenum is unaffected by air or w ater 
at ordinary temperatures, but is slowly oxidised 
by steam or when luaited in presence of air. It 
is attacked by the halogens and by most acids 
and fused sails, c-spicially oxidi.smg salts, 'sm-h 
as nitrates and chlorates. Hydrochloiic acid 
has but little action, and sulphuric acid attacks 
it only when hot and concentrated, (kirbides 
are formed by the fiction of im-thane or carbon 
monoxide on the metal at a red heat. 

‘riie eliu-f use of molybdenum i.s, in con- 
junction w'lth chromium, mangam-se, and otlu-r 
metals, in the manufacture of special stei-l, such 
as armour plate and projectiles, gun and riile 
linings, permanent magnets, propclli-r shafts, &c. 
It is not now used to any extent in high-spcs-d 
tool steels, but is said to form a constituent of 
the now cobalt-chromium cutting material. b‘(»r 
the influence of molybdcmnn on iron, .see 
L. Guilhd, Rev. Mi'4. .July, 1904 ; .1.0 Arnold 
and A. A. Read, Inst. Mech. Eng. November, 
1915 ; and Sir R. A. Ifadtield, ihid. , A. H. 
JduntcT, Am. Iron and Steel Inst., May J, 1921. 

The etTcct of molybdenum in steel is usually 
stated to be similar to that of tungsten, except 
that it IS fropi Dvo to four times as pow'erful. 
it IS a quc.siion, however, if sufbcient research 
has been carried out to enable it to be said that 
the one metal is replaceable by the other. Vi*ry 
little work has been done to determine the 
effect of molybdenum, when alloyed with non- 
ferrous metals. The fuire metal is used in the 
for III of wire as a tilaraent HU|iport in incandescent 
electric lamji.s, and in electrical contact making 
and breaking deaices in N-ray tubes, and for a 
winding for electrical re.sistanco furnaces. Its 
use has also been suggested as a sub.sti^ite for 
platinum and palladium m jewellery. Salts of^ 
molybdenum are used for a number of pur-* 
poses, one of the most important being aimuo- 
nniin molybdate used as a laborator}' reagent 
and, it is saul, as a preservative for cordite. 

W. G. W. 

Compounds of MoLYBifENUM. 

Oxides. Molybdenum forms a series of 
oxides, which, during their formation in solution, 
often show changes of colour through various 
shades of blue to black or violet-black. The 
following are the best known oxides : — 

The smjmoxide Uo^O^, formed when one of 
the higher oxides is treated with sodium amalgam 
or zinc, is a black powder, which forms black or 
dark grey salts. These salts give black or dark 
purple solutions when concentrated, but on 
dilution, the solutions become transparent and 


of a purple tint. They hai^ a styptic taste, 
oxidise somewhat in the air, and are precipitated 
by alkalis forming the brownish -black hydroxide 
Mo(OH )3 (Muthmann and Nagel, Rer. 1898, 31, 
2(X)9). 

Mohjhdinnm dioxide MoO^ is formed by 
heating the se.squioxide in nir or by heating the 
trioxide in a current of hydrogen at 479° and in 
other ways (Giiichard, Compt, rend. 1899, 129, 
722 ; ib'id. 1900, 131, 998; Friedlieim and 
Hoffmann, Ber. 1902, 3.5, 791 ; (‘hapman and 
liaw. Analyst, 1907, 32, 250). It is a brown or 
violet- brown erystalline powder, which, like the 
other oxides, is reduced to metallic molybdenum 
when heated at 000° in hydrogi'ii. It gives 
unstable salts, the eoncenlratcd solutions of 
which are black, but turn, suceessivi'ly, bluish- 
green, greenish -yellow, lod and yellow on dilu- 
tion. The hydroxide Mo(()ll)4 is dark red and 
forms a yellow u- led colloj^al solution in water, 

Molijbd.i num Inoridr MoOm is usually found 
with molybdenite and occurs as molyhdic ochie, 
either a.s an earthy jiowder or incrustation, or 
in erystalline masses of sji.gr. 4-090 at 20°/4°. 
It IS obtained by roasting tlu' jiowdered mineral 
with quart'/, sand, treating the mass with 
ammonia, and attei removing impunlies, 
converting the ammonium molybdate thus 
formed into the trioxide by decomposition 
and (wajioration with nitric acid (Wohler, 
Annalcn, IHOli, JOO, 370 ; Muthmann, ibid, 
1887, 238, 117 ; EnL^ Rat. 5821, 1909). It is a 
white powiler, which becomes yellow on heating, 
melts at 791° to a yellow liquid, and readily 
volatilises in the air ((O-osehuff, Zcitsch. anorg. 
Ghein. 1908, 58, 113). 'i'owards strong acids the 
trioxide acts as a base (Guichard, Cornjit. rend. 
1900, 143, 744), but generally it behaves as an 
acid forming oxide. 

Molybdic arid or MoO-, ‘2112(1 

(Mylius, Ber. 1903, 30, 038; Rosenheim and 
Bertheim, Zeitsi-h. anoig. ('hem. 190(5, 50, 320; 
Giahani, .Joiirn. Franklin, Inst. 1907 103, 09) is 
obtained as yellow' crusts, ami forms colloidal, 
or, aceonbng to Wohler and Engids (Zeitseh. 
IClektroehein. 1901, 1(5, (593) semi-colloidal solu- 
tions (Graham, Rhern. Soo. Trans. 1804, 32(5 ; 
Sabaneeff, J. Russ. Rhys. (‘hem. ISoc. 21, .515). 
When reduced by metallic molybdenum, in 
neutral or faintly acid solution, the blue oxide or 
molybdenum molybdate is formed, but if the 
solution 18 strongly acid a brown oxidp appeals 
(Guichard, Lc.). 

The normal molybdates are unstable and 
readily form polymolybdates by uniting with 
further molecules of the trioxide and also with 
other acidic oxides to form a large number of 
complex molybdates (Wompe, Zeitseh. anorg. 
Ohem. 1912, 78, 298). For the constitution of 
the para-molybdates, see Copaux Compt. rend. 
1913, 166, 1771. A large number of alkaline 
and other molybdates are known, some of which 
are used for the production of pigments and dyes, 
in i>ottery glazes and in analytical work. For 
complex molybdates of the rare earths, see 
Barbieri Accad. Lincci, 191J, [v.] 20, i. 18, ihid. 
1916, [v.] 2.5, i. 775. 

Molybdenum molybdate (molybdenum blue or 
molybdenum indigo) is obtained by reducing 
molybdic acid as above or with other reducing 
agents or by adding a cold dilute hydrochloric 
acid solution of molybdenum dioxide to a 
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similar solution of ammonium molybdate and 
washing with sodium chloride (Criiichard, Compt. 
rend. 1<K)0, 131, 3H<), 419). Its solubility, and 
possibly its eorrqiosition, depend on the mode 
of formation (Klason, Ber. 1901, 34, 158). Tt 
is said to form a useful, though somewhat 
expensive,* i»igment for mdia-rubbor (tTummi 
Zeit. 1903, 17," 4 IS). 

Phos'phomolyhdu and H.jP0,,12Mo03 is 
formed by treating its amimonnim .salt witli tit/ita 
re(jia (Fmkoner, Her. 1S7S, 1 1, J03S ; Kehrmann, 

‘ Ber. 20, 1811 ; Levi and SpeJfa, (bizz. elum, ital. 
1903, 33, 1. 207 ; Miolati, ihal. ii. 33.-)) is em- 
ployed as a reagimt lor alkaloids. Its am- 
monium salt IS a eanarv -yellow erystalline 
])owdcr almo.st insoluble in water and in dilute 
acids consisting of a variable imxtuie ol di- and 
tri -ammonium plios])homolyi)dales, ueeordmg 
to the comjiosition of the ammonium molybdate 
solution us(‘d (Postty’iiak, Compt. rend. 1920, 
930). 

Permoh/hdic and II ,Mo()gj-ll^O is an orange- 
red amorjihous jiowder, formed by t.reating the 
trioxide with hydrogen jieroxide (Muthmann and 
Nagel, l.c. 1830) ; a number of permolybdates 
have been iiri'pared. 

Sulphides. Mohihdi^num scf^quisidphidr MooS^ 
forms steel-grey needlt‘s of sj) gi. .'->•9 at 1.')°, and 
IS obtained by lu'atmg the disulphide in the 
electric furnace (C-uiehard, Compt. nmd. 1900, 
130, 137). 

Molybdenum di.sulphide MoS.^ oeeuis native 
as molybdnniv in foliated scales or in tabular 
hexagonal prisms, and can be obtaimal artilieially 
by fusing th(‘ trioxide with sulphui or by Inaiting 
it in HuljiliuretU'd hydrogen. It is \ery similar 
to graphite in appearance, ])o.sse.sHing a mctaJbe 
lustre and a lead-grey colour, but it is ineoin- 
bustihle 111 the bluw^pijie. it is oxidisi'd with 
evolution of siiljiliur dioxide when heatcsl in the 
air, and when tnsated with nitric acid or aqua 
nyia. 

Molybdnmm Iroiuljdndc MoS„ obtained by 
the action of aulpliuretted hydrogen on a con- 
centrated molybdate solution, is a black-biown 
jiow'der, which combines with ba.sie suljihides to 
form thiomolybdenum salts (Annalen, 1884, 22.5, 
1 ; Hofmann, Zeitseh. anorg. Clumi. lS9t), 12, 
.55). Molybilenum tetra-sul])hide and thio- 
molybdie acids are also know n. 

Halides and other compounds. Molybdenum 
forms a .large number of halogen, mixed and 
double halogen, and oxyhalogen salts (Muth- 
mann and Nagel, /.r. ; (iuiehard, Com])t. rend. 
1896, 123, 821; Bull. Soe. chim. 1901, |iii.J 
2.5, 188 ; Klason, l.c. 148 ; Nordenskjold, Ber. 
1901, 34, 1572; Kuif and Fasiim-, dnd. l‘U)7, 
40, 2926, 3931 ; Kosenheim and Kohn, Zeitseh. 
anorg. cliem. 1910, t)6, 1 : Koppel, d)id. 1912, 
77, 289). Molybdenum combines with silicon 
to form silitides (Vigouroux, Compt. rend.. 189!), 
129, 1238; Defaeqz, dnd. 1907, 144, 1424; 
Bull. Soc. cliim. 1908, [iv.] 3577 ; M’ntts, Trans. 
Electro. J. 1906, 9, 105 ; Hdnigschmid, Monatsh. 
1907, 28, 1017); with boron to form borides 
(Tucker and Moody, Chem. >Soc. Trans. 1902, 
16 ; Binet du Jassonneix, Comjit. rend. 1906, 
143, 169) ; with carbon to form carbides (Moissan 
and Hoffmann, %bid. 1904, 138, 1558); and 
with carbon monoxide, forming a carbonyl com- 
pound (Mond, Chem. Soc. Trans. 1910, 798; 
Mond and Wallis, idem. 1922, 29). 


Molybdenum cyanides and thiocyanates and 
their complex salts with a number of organic 
compounds have been prepared (Rosenheim, 
Zeitseh. anorg. Chem. 1906, 49, 148 ; ibid. 1907, 
.54, 97; dm/.' 1910, 06, 95; Ber. 1915, 48, 1167 ; 
Ber. lt)08, 41, 2386 ; ilnd. 1909, 42, 14!), 22!)5 ; 
Sand and Maas, ibid. 1907, 40, 4504 ; ibid. 1908, 
41, 1.500, 1801, 3307; ibid. 190!), 42, 2042; 
(Ilnlesolti, Cazz. chim. ital. 1904, 34, li. 4!)3 ; 
Olsson, Ber. l!)14, 47,917). A number of salts 
of molybdmium with organic acids havii also 
been ])rejiared ( R.o.seiiheim, Ber. 189.5, 20, JJ91 ; 
Zi'itseli anorg (3iem. 190.3. 34, 427 ; Crossman 
and Kiann'r, dad. 1904, 41, 43 ; Ih-r. 1903, 34, 
1000; lIcnderHoii aiul JhiiT, (3iem. Soe. Trans. 
IS!))), 1455 ; On and B'hiteliead, ibid. 18!)9, 540 ; 
Mazzueehelli, Atti R. Aeml. laneei, 190!), [v.] 
IS, ii. 2.5!) ; Mazzueehelli and Z.uigiilli (Jazetta, 
l!)|)), 40, II 4!); Mazziiccln'lli and Borghi, dud. 
1910,40,11.211) 

Molybdamide OH MoO/NH^ is ohtamed by 
treating a eldoroloiin solution of molyhdie 
e-hloride wuth ammonia, A black ])[eeipitate of 
the (hamide is ohtaiiH'd, which, wlien extracted 
with alcohol, IS converted into the brownisli-red 
amorphous monamide. 

'J’he inonoclhi/lainidi Oil 'MoO^ HN Fill .d), a 
white powder and tlu“ divlhybimide 
MoO,{NHFt).,, 

.a leddish-hiown powder aie foinied readily by 
the act ion of inolylali'mim chloiide onethylamine. 
The diamide naiets \ lokuitly with iiitiK' ai id, and 
gives a. de(‘p blue solution willi strong sulphui ic 
a,ad (Fh'ck and Smith, .Zt itseli anorg. Chem. 
189 1, 7, 3.51). 

Moliibdniinii lannafi is oi a yellow 

colour, .solu))le, and has a gtvdt afhmty fur 
vegetal)le tihie. It piodiiees last shades on 
leatlu'r, and iii eonpmetion wiili logwood extiaets 
a v.inoty of sliades m.iy Ix' ohtaiiu'd (I’ozzi- 
Fseot, Compt. rend. 1902, J3.5, 880). 

Nieoiini amnioirniin molybdalv, jirepared by 
the action of ammouium molybdate on nu'otine 
in tlie ])tesenee ol aci'tie acid is a white powder, 
sji.gr. 2 5407, and is intensely poisonous. On 
oxidation m acid solution it yields meot/inic acid, 
but pn alkaline solution dipyridme is formed 
{.Meszlenyi, Landw'. Versuelis.-)Stat., 1905, 61, 
321). 

Cerher (Mon. fteieiit. [v.] 7, 73, 83, 121-127, 
1)>9-17T, 219-227, l!)i7) finds evidence of a new 
I'lement* associated with molybdenum, which he 
lernis momolybdvmm, of atomic weight !)!) 
wdiieh IS spcetroBi'Opioally mdistingui.shahle 
from molybdenum and, it is surmised, may be 
an isotoyie ol that element. 

MOLYBDITE or MOLYBDIC OCHRE. 'I’his 
mineral, long thought to be molybdenum tri- 
oxide M0O3, lu^s been proved by W. T. Bchallcr 
(1907) to he ri^ally a hydrated feme molybdate, 
FcD3-3Mo().g71H 3), or perhaps w ith 7H£(). 
Being a seeondary mineral usually intimately 
associated w ith hmonile, the non, w hen di'teidvd,^ 
had previously been regarded as an imjmrity. 
It occurs in sparing amounts as jialo yellow', 
t‘arthy or pow'dery encrustations, and is some- 
times erystallised as tufts of short silky fibres. 
These fibres arc strongly birefringent with 

' An iron molybdate had, in fact, been described 
from California In 1852, and from Georgia by W. J. 
Taylor In 1855. 
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straight extinction ; the pleochroisra is strong i 
with marked absorption (pale yellow for vibra- ! 
tions across the tibres, and dee]) yellow to almost * 
black for vibrations parallel to their length). The 
mineral lias been formed by the oxidation 
(weathering) of molybdenite (MoH^), with which 
it ivS usually to b(' ioiind. It is thus quite 
distinct from the artilicial molybdenum trioxide, 
which has a ])laty structure, and is colouiless 
and non-pleocliroic. The (‘Xistence of the latter 
as a mincial thus remains to be proved. Meaii- 
wdiile, the name fnt intoh/lxhlr (W l*ili]»enko, 
1914) has been suggestial foi the iron molybdate 
mineral. L. J. S. 

MOMORDICA FAT. A fat obtaimal fiom 
the kcnu'ls ol tin' s<>eds ot Momoitlira (nrhiii- 
cfinu nsiN, a cucurbitac (‘ous jilantfuund in llcngal, 
the Pliilipjanc Islands, iVc.. bv extraction with 
jictrolemn s])it'il, or by pics, sure at. 40'“. The 
fat consists eliH'fly ot glveeiides ol fatl\ acids 
and no wa.x alcohols aie [uesi'iit. On ex})osuii' 
to the air the lat gradually bc( onii's yellow and 
granular and on lif'.iting to 2!L*0"-L4tr'’ changes 
to a gicemsh-hroM n IhiuhTw Inch icmains luiuid 
and has (he consistency oi castor oil Whc'ii 
ti'c'shly (iii'paicd m ji. is ri'lr index ( 10' ) 

149."), acid valiK' 19, s.ip(m. v.diu' lsr»2. 
lodiiK' A able 29 4 Tin' fattv acnls melt at 
4(i ’-."ir'; solidilic.it ion ])oint. 44 -42'^; ni'iit i.disa- i 
tioii \aluc ISS‘I5; loilnu' \aluc about 40" (('oi - | 
tic'id and ( 'and, Thai 111 .1.1920, 104,49) 

MOMORDICINE. Syn for Ki.ati.uin. Sr, 
K, vroKiuM 

MONARSONE. hi-sodiumcthy! - ar.soiiatc'. 
Suggested as a substitute' for salvarsan, as less j 
toXK', fri'cly soluble, and \uthout ha'inolytic j 
action. 

MONAZITE. A minc'iMl c'onsi, sting essi'ii- j 
tially of phos]ihate oi tlu' ci'iium metals | 
((V,lia,l)i)TO,,, Cl vstailising in the monocJinic ! 
system. iSevc'ial otin'r elements (yttiium, silicon, i 
iron, calcium, tin, Ac.) aic usually juc'sc'iil in ; 
small amounts, and in p.irticular thorium I 
(d’littj i-l 1 ]>.c., laicl) as high as 2K p c.), Fc'W ‘ 
minerals have had a. more loinantic history. It > 
was limned by A Tiieithaiipt in lS29from 
to be sulitary, on account of tin' ranty of the 
singly-occurring ciyst.ils from tin' Ural Wmin- 
tains ; but it has since bc'C'ii found to be Wuh'ly 
distributed, and in certain [iho'cs to be accumu- 
lated inlarge (piantitics Small brilliant crystals, 
often mistaki'ii for sphcnc or anata.se, Jjad been 
earliei known from tiu' gni'issic rocks of tly* 
Alps. I’heso were named turiicrite by A. Lc'-vy 
in 1829, but being of unknown com portion 
their identity with monazitc was not established 
until long afterwards. They were described 
as coming from ‘ jMont Sorei ’ in Dau]ihine, a I 
statement due to the misreading of a label ' 
‘ Tictite [^siihcne] dc Mens, f'^iret, Dauphine’ 
(H. A. Miers, Min. Mag., 1889, 8, 207). The 
shipping of sand as ballast from the Brazilian 
coast led to the discovery of extensive dejiosits 
of monazite sand. This material had, how'ever, 
no commercial value until the introduction of 
incandescent gas-lighting. For this purpose it 
is mainly the accessory and variable constituent 
thoria that is required, and for a time the larger 
(]uantitie8 of cerium and didymium earths were 
practically waste products. These have now' 
found important ajiplications. The former for 
making the cerium -iron alloys (pyrophoric alloy 


or sparking metal) used in Automatic lighters; 
whilst the didymium salts arc employed in the 
manufacture of marking inks and dyes. Another 
1 by-jiroduct; — the phosjihoric acid — could jierhnps 
I be utilised as a garden fertiliser. Finally, m 
wmrking the deposits of this imm ral there have 
always been tlie Clerman monopohes^t.o contend 
against. 

Crystals of mona'/ite are yellowish -brown and 
transluci'iit, or dull brown and o])aque, W'itb a 
lu.stre melinmg to resinous. ‘S]).gr. 4'9-r)’9 ; 
hardne.ss 5L Monazite ghi's tbe absorjition ' 
sjiectruni cliar.aeteristic of didymium salts, and 
this affords a ri'ady means of delecting the 
mineral with the aid of a pocki't spi'ctrosCope 
or a sjx'clio.scojiic attai'hmciit to the micfoseojie. 
Dull eivstals of rnona/ile of fair size arc found 
III the pegmatite-vciiiH of tlu; Ilmen mountains 
111 till' soutln'm Dials, and at Hi'vcral ])lacc.H m 
the south of Norway A sliaijily devi'lopcd 
isi'lated crystal from 'rvedestraml, Norway, in 
the miiK'ral eoJIei'tion ol tlu' Ihilisli Museum, 
wemlis If kg. Ah .small grams embedded in 
giieiHSK- and granitic I'oeks monazite has a very 
wide disliibiif ion, though only in relatively very 
.Hiuall umoiiiits (O. A. Derby, Mm Mag., 1897, 

II, 994). With the w<;atli('i mg and breaking 
down of sucli rcK ks, the monazite is acciiiimlatcd 
with tbe oilier heavy iiimerals m the beds of 
stieams. Undei tliese circumstances it is often 
iiu t with III alliuial gttld washings, 'rhe niinuto 
grains (Ol-l mm. diain.) are always well 
rounded, owing to the comparative softness of 
the niineial ; and an* associated with grains of 
nuigiK'titc, ilmeniti', chiomite, garnet, zircon, 
rutile, Ac. I’he careful examination of tlie 
heavy residues of river sand.s rarely fails to reve'al 
the proseiiei' of some grams of this mineral. 
Decurrenees of this kind have been recorded 
from all jiarts of ibe woild, but it is only in 
Brazil, North and Soutli ('ar<tlina, 'rravaneore, 
and ])eilia])s Ueylon, that the (iejioHits arc sulli- 
('icnlly neb to be worked ('ommercially. The 
several minerals jiresent m tliesi' sands have a 
wide range in their magnetic permeability, 
luonnzite itsi'lf being weakly magnetic, and they 
can he scjiaratcd by nu'ans ot a senes of elcctro- 
mugnots of (litTi'i'cnt strengths. 

The following are selected from a scries of 
twi'iity anaiysi'S by N. J. Johnstone (J. Boc. 
('hem Ind. 1914, 99, 5.5) of monazite isolated 
fiom sands, from; 1. Travaiicorc, 11. Ceylon, 

III. Tahang, \\\ Northern Nigeria, V. Nyaaa- 
land, and VL Brazil, 



I 

II 

III 

IV 

V 

VI 

ThO.. 

, 10-22 

10-75 

8-98 

5-00 

7-10 

6*06 

Ce.o; 

. 91-90 

20-71 

2.5 ^O 

90-72 

32-521 

62-12 

Ba.iDg 

&.C. 28-00 

30 *00 

92-72 

90*02 

20-01) 

Yob^. 

&c. 0-40 

1-40 

2-80 

2-74 

T50 

0 80 

Fe.Oa 

. 1-50 

TOO 

0-84 

9-00* 

TIO 

0-97 

ADO, 

, 0-17 

0-70 

2-78 

0-95 

0-20 

0*10 

Cab 

. 0-20 

0-85 

o-oi 

0-15 

0-92 

0-21 

S 1 O 2 

. 0-90 

2 47 

0-92 

1-20 

TOO 

0*75 


. 20-82 

24-01 

29-92 

20-20 28-1 f) 28*50 

Ign. 

. 0-40 

0-99 

T28 

0-25 

0*25 

0*38 


The mineral is soluble with difficulty in hydro- 
ehloric acid, but is decomposed by sulphuric 
acid. S. L. J’crifield (1882) bebeved the thorium 
to be present as mechanically admixed thorite, 
since the ratio ISiOj : ThOj often approximates 
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to unity. Later Walysea of crystals do not, | 
however, support this view. 1 

In Brazil, monazite- bearing sands are j 
found on the sea-shore at certain spots near J 
Alcobaca and Prado in the south of the State of * 
Bahia, and at various points along the coast of j 
the States 'of Espinto Santo and Rio do Janeiro. ! 
The amount cxportc'd annually is about 5000 j 
tons. In the (’arolinas, alluvial dejio'^its are . 
worked in tlie valleys of the several streams 
draining the South Mountnins, an eastern outlier 
’ of the Blue Ridge. These sands contain 
monazite m amounts reaching 1-2 p c., and 
they are concentrated by the washing methods 
of the gold miner. Magnetite and other ferri- 
ferous minerals are extraeted by a magnet, 
and the product contains 05-70 p.e. of rnonazjte 
mi.xed with other heavy minerals, such as ziicon, 
garnet, rutile, corundum, &e. J’his cleaned 
monazitt'-sand is fine in grain, afid of a ri'smous 
yellow colour with darker specks of othir 
minerals. The production amounts to about 
200 tons pir annum, but it is now decreasing. 
Near Mars Hill in .Madison ('o , North ('arolina, 
masses of monazite up to 00 lbs in wmght have 
been found in pegmatite ; and in th(^ mica 
mines at Villeiieuve ia Quebec masses of 20 lbs. 
have been met with. At the felsjiar quarries 
of the south of Norway the isolatc'd crystals 
of monazite arc picked out by hand, about a 
ton per annum being so collected. The deposits 
discovered in 1000 in O'ravaiicore occur along 
the soa-shoro at certain spots between Quilon 
and (Jape (!omorin on the extreme south-west 
coast of India. 'I’he mineral is also jiresent in 
the sand-dunes on the coast, and in many of 
the rivers and streams ; and it has bi'cn detected 
in the gneisses and ])egmatites of the adjoining 
country, being there often associated with 
graphite. 

licjorcnccs. — 11, B, C'. Nifze, Kith Ann. Rep. I 
U. S. (rool. iSurv'cy, 1805, jit. iv Il(i7-t)03 ; W. T. j 
8chnller, Mineral Resources, 1 1 S. Geol. {Survey j 
(for JOKI), 1017, 2, 22:1; K. L. Kithil, Q.IS. ! 
Bureau of Mines, 1015, Techn. Pajier, No. 110;! 
G. P. Merrill, The Non-im'tallic Minerals, 2nd 1 
ed. 1910 ; S. T. Levy, The Rare Earths, London, ' 
1015 ; Bull. Imperial Insl. London, 1905, 3, 151, ’ 
233, 285; Monazite, 1013-10, Imp Min. Res. I 
Bur. London, 1020; J. II Pratt and J) B. Stcr- ; 
rott, Monazite and Mouazite-Miiiing in thcGaro- j 
Unas, Tears. Amer. Inst Mining Engin. 1010,40, i 
313-340. On some of the Brazilian ocmirrenccs, 
see F. Freise, Zeitsch. prakt. Geol. 1900, 17, 514 ; ; 
1910, 18, 143. On the Travancore deposits, .see I 
G. H. Tipper, Rec. Geol. Survey India, 1914, 44, 
186; Bull. Imp. Inst., 1911, 9, 103; 1913, 11, 
699 ; 1915, 13, 323. On those of C'eylon, Bull. 
Imp. Inst., 1916, 14,321. ‘L. J.S. 

MONAZITE, ANALYSIS OF. The following 
account of li method of analysis of monazite is 
condensed from a description given by Sydney 
J. Johnstone, of the Scientific and Teclinical 
Department of the Imperial Institute and pub- 
lished in the Journal of the Society of Chemical 
Industry, 1914, 33, 55. J’he scheme embodies 
Glaser’s oxalate method for tlie separation of 
the rare earths, Fresenius and Hintz’s thiosul- 
phate method for the separation of thoria, and 
Mosander’s chlorine method for the separation 
of ceria. 

One to two grams of the monazite are finely 


ground, the loss on ignition determined, and the 
residue digested with 5 c.c. of concentrated 
sulphuric acid for 2 to 3 hours. After cooling 
the syrujiy mixture of sulphates is poured into 
190 c.c. of cold water and allowed to stand for 
half an hour. After being filtered off and 
washed, the insoluble residue is again digested 
with sulphuric acid, washed, ignited and weighed. 
The silica in this residue is estimated by evapora- 
tion willi hydrofluoric and sulphuric acids and 
the residue remaining, which rarely exceeds 
0-1 p.c., is examined separately for bases. 

Total rare earths. The, combined sulphuric 
; acid filtiatcs are made up to about 600 c.c., 

1 ni'arly neutralised with ammonia, acidified with 
1 about 10 c.c. of hydroclilone acid and the rare 
; {‘artlis prccijiitated by ammonium oxalate, 
i After standing for 12 hours the rare earth oxa- 
lates are filtered off, ignited, re-ilissolved, re- 
' precipitated, and after standing, again filtered 
I and well washed with a 1 p.c. solution of am- 
i monniin oxalate acidified with hydrochloric 
i acid. The ])recijntate after ignition is weighed 
' as ‘ total rare earths.’ 

' The filtrates from the oxalate ])reci})itation 
' are examined for traces of rare earths, by 
1 evajioratioii nearly to dryness with nitric: aenl, 
solution of the residue in hydiochloric acid and 
' ])Teeij)itation in small bulk with ammonium 
' oxalate. Any larc earths found arc re-])reeipi- 
: tail'd and added to the quantity found above. 

Iron, aluminium, calcium, and phosphoric 
' acid. The filtrate from the ])recipjtation8 with 
, ammonium oxalate is treal cd by Glaser’s method 
■ (r. supra). 

Thoria. The ‘ t(>tal rare carili ’ oxides are 
dissolved in hydrochloric acid, the solution 
diluted to 200 c.e, and hcaU-d to boiling ; it is 
then nearly neutralised vitb ammonia, about 
5 grams of sodium thiosuljihate added, and boiled 
for half an hour. After standing at a tempera- 
ture just below boiling for 8 to 10 hours, the 
precipitated basic thorium thiosulphate is 
filtered off, washed, dissolved in strong hydro- 
chloric acid, and after nearly neutralising, 
re-jirecipitated by sodium thiosulphate. This 
precipitate is dissolved in hydrochloric acid and 
after filtering from the sulphur is precipitated 
as oxalate and weighed as thoria (ThO.^). In 
order to recover tlie small amount of thoria 
which sometimes passes into the thiosulphate 
lilt.rate is necessary to evaporate the solution 
with nitric acid, tlie rare earths are then 
precipitated as hydroxides, dissolved in hydro- 
chloue acid and again treated with sodium 
thiosulphate, the thoria obtained being added 
to that already found. 

, Yttrium earths. The total thiosulphate 
I filtrates are evaporated to a small bulk and 
; the ihiosulphalTe destroyed by nitric acid as 
i before. The solution is evaporated to dryness, 

; the residue dissolved in 10 c.c. of hydrochloric 
' acid, diluted, and the remaining rare earths 
' precipitated as oxalates. The precipitate' is 
! carefully washed free from sulphates, ignited, 

' dissolved in concentrated hydrochloric acid and 
! evaporated to dryness on the water-bath. The 
1 residue so obtained is dissolved in 5 c.c. of water 
and about 200 c.c. of a saturated solution of 
I potassium sulphate added, together with 6 grms. 
of finely powdered solid potassium sulphate. 
I After standing for 12 hours, with occasional 
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agitation, the precipitate of double sulphates ; 
of potassium with the cerium and lanthanum j 
earths is filtered from the soluble yttrium earth i 
sulphates and washed with a saturated solution 
of potassium sulphate. This precipitation is 
repeated on the insoluble sulphates. The 
yttrium earths m the combined filtrates are 
precipitated by a slight excess of ammonia, 
filtered, ro-dissolved iii hydroehlorie acid, 
precipitat.ed as oxalates and weighed as yttrium 
earth oxides (YoO^, &e.). 

Ceria, lanthana, &C. The jirecipitated double 
sulphates obtained as above desen bed are 
transferred, with tlu' filter ]>aper, to a beaker 
and boiled with 400 e e. of \val('r and h c e. of 
hydroehlorie acid unlil dissolvcal I’lie separa- 
f ion of the ecria from the otlu'r raie earth oxides 
present IS eftected by th<‘ following motliliealion 
of iMosander’s melliod 'J'he I'artliH are precipi- 
tated by ammonia, fiitmed, washed, ilissolved 
in liydroelilono acid and tin* solution diluf.ed to 
about 200 e.c. 'The sohition is neutralised with 
potassium hydroxide, and about 2 grams excess 
addiMl, A (‘urK'iit of ehlonne is passed througli 
th(‘ solution until the eeiiuin is eonveited into 
till' hydi.ited iienuide and the lanthanum and 
allied eaitlis have fiasseil into the solution, 
wdiie.fi then reacts acid, 'riu; solution, contain- 
ing an excess of chlorine, is diluted to 400 e.e., 
allowed to stand for several houi« and filtmed. 
Alter vvasliing, tin* jireeipitate is re-dissolvial, 
the potassium hydi oxide and ehlonne treatment 
lepcated tw'iei' andtheeerniin lin.dly pri'cijat.ited 
as oxalatci and waaghed as tlu' oxide 

The liltrat»“s, eontaming tlie remaining rare 
earths, are evajioraO'd to a sinaJl bulk wath 
hydroelilonc acid and the lanthanum and 
didymium earths precipitated as oxalates | 
The pieeipitate after filtration is decomposed 
with nitric aiatl, the earths re-j)i(aai)itat(‘d as 
oxalates, and after ignition weighed as the 
oxule,-., ]ja.d)j, &c. 

Phosphoric acid. The phosphoric acid can 
he determined in the residue remaining after the 
removal of the rare earths, liut it is found 
mnr ' convenient to make this determination 
•m a separate [lortion of the original Hamjih'. 

0 5 gram of the liiK'ly gntund monazite- i#i fused 
with 5 to 7 grams of potassium earhoimte in a 
platinum crucible for about 2 hours. The 
‘ melt’ IS dissolved in water, filtered, and after 
washing abmit a dozen times wu^i 1 p.e. 
potassium earbonato solution the insolujile 
matter is ignited, ag.un fused wuth potassium 
carbonate and th(! treatment reiieatcd m long 
as any nhosphoric acid is extracted. Usually 
two fu-^ions are sufiicient. The combined 
filtrates are acidified with riitnc acid, the 
])hosphoric acid precipitated first as ammonium 
phosphomolyhdate and finally as magnesium 
amraomuin phosphate and weighed as Mg^PaO^. 
MOND GAS V. Fuel. 

MONEL METAL. An alloy of nickel and 
copper made from the mckel-coppcT ores of 
Ontario ; contains about 27 p.c, copper, about 
()8 p.c. of nickel and a slight amount of iron. 
Combines a strength approaching that of steel 
with the non-corrosive qualities of copper or 
brass : used for roof covering, pump-rods, marin(> 
propellers, &o. The structure oif monel metal 
18 that of a solid solution, the rolled bar, showing 
sharply defined crystal grains, usually twined. 


Mechanical tests on the foiled rod show a 
tensile strength of 39'2 tons; elongation of 
2 in 38-5 p.c. ; reduction m area lifi-h p.c. 
Brincll hardness, 174. The cast metal has a 
tensile strength of 82,'r)00 lbs. per square inch. 
Elastic limit 37,500 lbs, per soiiare iiieb, and 
elongation 44 p.c. The modulus elasticity 
IS from 22,000, tKK) to 23,000,000 Ihs. as against 
30,000,000 li)H. for steel and 13,000,000 lbs. for 
manganese bronze; in.}). 13()0”, sp.gr. (east) 
8-87. Kleetneal eonduetivity 4 (eofi^ier 1(H>). 
An important eliftraet eristic, is the retention of 
the Jiu-eh.inieal jiroiierties at high temperatures, 
which has h'd to ilie adoption of the alloy for 
locoiiiotn c liie-boxes in (lei many (•). K. 'Fhomp* 
son, Fiig and iMiii. .1. ION, oi. 223; J. Soe. 
Clu-m. Ind. 101 1, 30, 2S7). 

At 500 ’ a temperatute at which naval and 
niaiigaiu'se brass have no mcciiaiiieal strength, 
t.lu‘ tensile stivtigtii is lUNirly 2lt tons per sq. in. 
Casting <il the metal is remiered didienlt by the 
high mi'll mg point (a)iout J3()0”) and the ex- 
cessive shnnkage (Arnolt,, .1. iSoc. Chem. Ind. 
IttlS, 703 A.), r. Nk'KKL. 

Analyses (dames, (i. Jnd. Fng, Chem. 1012, 
4, 354) : 


— 

(Just nctal ! 

K oiled Iiu'tal 

Purged metal 

(!o])pcr 

' I'll r.o- 27-.^.3 1 

24-70-2(i 0t> 

2(V0!)-2n’83 

Mu kcl 

l)H UM,H 1)0 i 

OK 4H 09 s;i 

09 4.0 -09T>4 

Iron 


'1 07 - 2 44 

2 13- 2- 19 

Carlioii 

. 0 ;ir> 1) 

0 28- 0 J t 

0 17- O'ln 

Silicon 

' J (IS- 1 4 1 

0'12- 0 37 

— 

Miuigancsc 

0 11-0 to 

120- 1 82 

1-38- 1T)0 


I The stiength and other jihysical properties 
1 of the alloy are affected chiefly by the heat 
treatini'iit rather than by slight variations in 
the projiortion of the constituents. 

MONOBROMO CAMPHOR V. Campuorb. 

MONOTAH. 'I'nidi' name for guaiacol methyl 
glvcollati'. 

' MONTAN or MONTANA WAX is a bituminous 
substance extracted by various solvents from 
/> 1 / 1 0/11 obtained from the lignites of Saxony 
and Thuringia, best at high temperatures 
(250'^-2t)0'^) and pre.ssures (50-00 atmos.). The 
crude substance is hard and odourless, resembling 
ozokerite in apjiearaiii'e, and having m.p. 70MK)°. 

[ Montan wax conics into coinmcrcc as a white, 

I high-niclting oandle-like material. It is not a 
I iiaralhn, but consists of nwrilamc arid CogHj^Oij, 

I m.p. 8 ()TC (.Meyer and Hrod), 82'5° (Fasteriicld 
and Taylor), 83“ {Kyan and Dillon), 83'5® 
(PsehoiT and Pfaff), and an alcohol, m.p. 60° 
(?;. lioyen, Zeitsch. angow. (!hom. 1901, 14,* 
1110; rf. Marcusson, (Tern. llev. Fett.- u. 
Harz. Ind. 1908, 15, ltt3 ; Kisenrcich, ihid. 1909, 
1(1, 211 ; 1 Vhorr and Pfaff, Per. 1920, 53. 2147). 
Asher (D. H. P. 207488 of 1901) purifies the 
crude substance by heating twice with nitric 
aiad of sp.gr. I *2- 1-4, then washing and melting 
it, whereby the asphaltic or resinous matter 
separates out. It may also he purified by 
dissolving in a suitable organic solvent and then 
hi'atmg wuth alcoholic alkali. After separation 
of the saponified matter, the wax is finally 
treated wnth concentrated sulphuric acid at lOO'* 
(D. R. P. 220050 of 1900). According to 
Tropsch and Kreutzer, what was thought to be 
pure montanic acid can be separated by oateri' 
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fication with methyl alcohol into two esters 
boiling at 2()5' -2()7'5 and277‘r)''- 2S()“at5mm. 
jiressurc, respectively. Trom each fraction the 
acid was again isolated. Tin* former has the 
formula (’utHsiO^ and is termed rarhormc 
((('id, m p. 82 Uk' latter is ])ure viotiftmic acid, 

' m.j). 8l) -8<)‘r)'. 'I'he aluminium 

salts of montanie acid liave been prepared foi 
use as impregnating raati'i nils (1 ) K P. 221888 
of 1!K)8). A number of its derivatives have 
lioeii described by Meyi r and iJiial, Monatsh, 
1913, 34, 1143; Jh’asU'rheld find Taylor, (’lumi. 
f50C. Trans. 1911, 99, 2392; Orun and ribnch, 
(.Ihem. Zentr. I9i(), 2,492, Tiopsch andKieul/.m 
Rreiinstoff (llieniK', 1922, .‘1, 177. Tor actum of 
ozone U])on d, .sei Pisclu'r ami 'rrojisch, Chem. 
Zentr. 1919, 99, iv. 847. 

Similar waxes are extiactial from Irish jx'at, 
and sold uiidm tlu' nanu's ol inotifaiin ira) and 
i/iontainn ira r (Ityan and Dilh :i, Proc Roy. 
JJubbn 8oc. 1999, 12, 292). 

MONTANIN. Tradi* name for a. solution of 
hydrolluosilicic acid ; used as a disuih'clant. 

MONTMORILLONITE. A ( lay mineral v ilb 
the composition lLAPSi^Ui 2 -p/'A(|. It thus 
bears the saiiu* relation to the crystallisod miiu'ial 
])yrophyllit.e (lIoAl,aSi 40 i 2 ) ballo’\site (loes 
to tfu! crystallised kaolimte ( lf^AL»Si.d)„). It 
IS a soft, soajiy substanci*, solKming in water, 
but not plastic, and it docs not adluuc to tlie 
tongue. S]) gi. 2 94. 'The colour is wliiti', giey, 
greenish, or very (tlteii ]unl\. It oeiuis as an 
alteration jiroduet in sedummtaiy miks, in 
mineral veins, and in igneous locks. Analy.'^is 
by L. Azeina (1913) ol losi' pink matiaial from 
liordes neat iMontmoi illon (the original loc.ilit\) 
111 Dej). Viiaim', kianei', gave (also tiaees of 
CoO, MnO, NiO); 

HiOa Fc^O;, MgO ('aO H^O 

09 57 22-83 1-97’ 3 82 2 21 19 49 

niei-r' are several vai’ieties distinguislu-d by 
special names. L. J. S. 

MOONSTONE V . Pklspar. 

MORAVITE V . Tiiuiunottk. 

MORDANT ROUGE. Alinninium a((iate v. 
Acetic acid. 

MORIN V . Old Fustic. 

MORINDA CITRIFOLIA. The roots of 
Moriuda cilri folia (liimi.) and Morinda imciojui 
(Roxb.), known as ‘ JMorinda Root.,’ are ex- 
tensively e.ni]iloyed in various parts of India 
under tin* general trade name of tiuranji, moie 
especially for dymiig reds, ])urples, and elioco- 
fates. These plants, tlie nat ive names for which 
are Aal, A'l, Ach, or Aich, aie to be met with 
in nearly all the jirovinces of Imha, either wiM 
as in the jungles of liengal, or cultivated in 
small patches in betelnut plantations, or near 
the homesteads of the dyers. In Bengal the 
plant IS usually pro])agated by slips or cuttings, 
but m other jiarts it is raised from seed, as 
wtU as from cuttings. When the plants have 
attained a height of from 5-9 feet, that is, as a 
rule, about the end of the third year, the straight 
spindle-shaped roots which extend into the 
ground to the depth of 3 or 4 feet, arc dug out 
and the upper portions of the plant are cut into 
slips to serve for the projingation of the next erop. ■ 

The colouring matter is found principally in ■ 
the root bark, and is developed in greatest ; 
quantity at about the end of three or four years, I 


i depending upon the character of the soil. After 
I this time the dyeing principle gradually dis- 
! appears, and the matured trees, which eventually 
! attain the. height of a mango tree, contain 
' hardly a trace of it. The thin roots are most 
, valiiahle, roots thicker than half an inch being 
' thrown away as w'orthless. 'khey are or were 
mainly used for dyeing the- thread or yarn from 
wliieh the eolounal borders of the cotton gar- 
ments worn by the lowa-r ehisses are woven, but 
they a.r(‘ also emjdoyed lor dyiang the eoaise 
cotton fabric called ‘ Kharva,’ or for dyeing 
the silk thiead which forms the border of the 
silk lahiK known as ‘ Fmli elolh,’ The 
(ioloiirs given by A'l range from a reddish- 
yi'llnw' through jnnk and vaiioiis shades of red 
to .1 dark htown-red 'I'lie tint si'cms to de])eiid 
[umiarily upon the age of 1he loot, and upon 
lh(‘ f)rop(»rtion ol root baik 1o slem whuh is 
enijiloyed. The root baik yiMs the best rt-ds ; 
the tlye in the W(»ody ])art of the loot i,>, yellow, 
and heiier* wlnm the wood juejiondei ales over 
the baik tla- lesiiltmg dyi' is Ied(llsb-yellow^ 

About 1799 Some ol tlie j[)ow dcri'd root 
und<‘T tlu' name ot ‘aiiilih’ came into the 
bands of l)i. Banendt, win) found little oi no 
dillieulty ill aj)])lynig it. to both won] and cotton. 
At that time tie eonsideied that it might be 
jirohtably ini|)ort.(ai into Fniojie. 

Jn 1832 Siliwaitz and Koi'cbliii also ex- 
ainined tin' loot under the names Xona ’ 
and ‘ Uaehiout,' .ind lejioi'ted on its dyi'ing 
properties t'l the Industiial Sorietv ot Mullioiiso 
'riii'Y refeiied to the fait that ol ail the Indian 
rtiliKK (O’ ('xamnu'd by Ibein, it. (ontained the 
hugest' <|iianlit_\ ot eertain yellow piineijih'S of 
an aeid eh.u.nster wlinb not only necessitated 
, the washing of the loot with cold watei before 
i dyeing, but also made it requisite to add a eertnm 
' piopoition ol sodium caibonate to the dyediath 
i 111 ordi'i- to Inive a jioib'ctiy in'iitral ball). Their 
, eoiielusion W'as that since morinda root only 
j jiossessed one-tliird the dyeing power of a 
medium quality of niaddei, it could never 
! eompi'te with the latter in the Fiiro])eaii market. 

About 1848 SOUK' morinda root w'as submitted 
lor trial to sonn' of tlie most cxpi'rn'need and 
skill Ilk. calico punters of the (dasgow district, 
all of whom eoncuired in declaring it not to be 
a dye at all. 

in 1848 Anderson (Annalen, 71, 219) isolated 
from thej.root of the Moriitda cilrijoltn by ex- 
tri^etion with alcohol, a crystalline yelknv suh- 
.stance wdiieh he named Monndui, and to which 
he assigru'd the formula (ksilao^^is* This 
substance when strongly lii'afed, gave a cry- 
stalline sublimate wonudon, and Anderson 
jrointed out the grea.t sinulanty, on the one 
I hand, betwa'cn monndin and ruberythne acid, 
and oil the otMcr between niormdon and 
alizarin. 

Roehleder (Annalen, 18.52, 82, 205) gave it 
as his o])mioii that morindm and inonndon 
w-ere identical wuth the ruberythrie acid and 
alizarin derived from madder, and Stokes ((!hem. 
Soc. Trans. 2, [2j 333), by examining the 
absorption spectra of solutions of alizarin and 
mormdon in sodium carbonate and in ether, 
came also to the eonclusion that these two 
colouring matters consisted of one and the same 
substance. Stenhouse (J. J894, 17, 543) 

formed a similar opinion, and pointed out that 
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niQrindin not only pves morindon by licating, 
but also when digested with boding dilute 
niiricral acids. 

On the other hand, Ftein (J. ISbO, 19, bio) 
found that the absorption spectra of ab/.anii 
and morindon arc not identical, and that 
ruberythric acid and morindin aie distinct 
substances, althoimh tlie latter resenilile each 
other in the riwpect tliat botli are glueosidi'S. 
The distinction lielwi'en (bi'se eom]»oun(ls ivas 
ri'iideied niucli clearer by tlie work of Thorpe 
and (rreenall ((diem. Soc. Trans. ISS7, hi, oU), 
and Thorp!' and Smith {thul. JSSK, oil, 171), 
whfi showed that morindon possi'sses the formula 
Oij,Hjo<\r, ; on distillation with zinc-dust it gav(' 
midhyhuithiMeene (m.p. 190‘^’-19T’). and was 
evidmitJy a di'iivative of iiiethylaiithraipn- 
iione. To moiindin, tin' glucoside, the f(»rimila, 
( I assiyiK'd 

Sorneuliat hitei Ih'ikin and Hummel (('hem. 
iSoe Trans, (io, Sol), during an ('.xainmatioii (d 
th(' Monndd ^nnlxUithi (lanii ) (r inf n), ])iovcd 
that morindon contains tlirei' hydro.wl groujis, 
aaid (hat Tlioijie and Simlh’s h\droeaibon was 
/Tnu't hyluiiHiraeene. 

Oesterlo ami Tisza (Arch. IMiarni. 1907, 2 to, 


j methyl iodide and alkali only' yielded a mono- 
methyl ether, whilst tivo of the liydro.xyl groups 
are probably in the 1 : 2-i)osition, since morindon 
IS a mordant dye resembling alizarin. Tlu-se 
and other reasons lead to the belief that it has 


one of the taio formula' given, (1.) being thought 
the more probable ' 


OH 00 



OH CO OH 




CO Oil 


CO 


(1 ) 


(II.) 


(C S. Reports, 19 IS, Sb). 

The exai't < onstitiitioii ot nioniidoii has not 
yet. Ix'eii deteriiiiiK'd, but it ap|K‘ais jirobable 
that d this eoni|)(yin<l eoiilams in lealily three 
jiIk'IKiIic hvdio-xO'-'. it most likely consists of a 
meth\l authiag.illol. K, on the othei iiaiid, 
as IS (piif(' proliahh', moimdon contains an alco- 
holic gioiip, mIiuIi, according to Robinson and 
iSjmoiisen, occurs in tJie isomcnc aloe-cmodni — 


531) consulei that the tine lormul.i ol morindin 
is tovH.ipO,^, and lh.it its hydrolysis with acid 
can be expiessi'd as follows : — 

^-^27^ ■) 21 C()-- 2 (..(,H^^ 0 ^-|-( i^Hj^Og 

The siig.ir thus foimi'd is not. fcimcntcfl by 
yeast and yields an osa/.oiie melting at 197 

MonnduL crystalbses tiom 70 |m-. ah oho! in 
glistening yp'llow needh's, which melt at 2 b‘C, 
and dissolve in alkaline solutions with .i, led | 
colour. It doi's not dyi' iiioidaiiti'd labins j 
Nona-aCi‘iiil)ii<)} nutut H.> 7 lRi(br,d 'CCH ,)o (fl 1 
and T.), citron yi'llow needles, melts at 23(»'’ ( { 

Nono-hcnzoi/Jniomidin (’..711 .iiCi^fCt I C^jllj^)„ j 
(0. and T.), yellow' m'cdh'S, melts at ISO '. 

Monndo'h, the coloiiimg matter of Moiiuda j 
cilrifolia, wdiich is obtained by the hydiolysis ol ; 
morindin, and also cxi.sts as a rule to some extent j 
in the free state in this root, consists of mange- | 
red needles, nu'lting at 271 '-272 ’. It is soluble . 
in alkaline luiuids, with a bhie-\ lolct tint, 1 
somewhat bluer than the eorics|iondmg aliraiin 
solutions, which, when treated witli bhiyta 
water, give a cob.dt-blm' iirecijiitati* ot tlie 
barium derivative. It.s solution m sulphuric 
acid us blue-violet. - » 

'J'riacrtifliuomidon ('i 5 H 7 () 5 (( (Jt- H.,) , cry 
stallises in citrmi-yellow needles, nieUmg at 242". 
Monvdon irimi fh\jlctlicr C 2 fJf 70 j(U( 143)3 

a yellow crystalline powdm-, melting at 229". 

Simonseii (Cdieni. Hoc. Trans. 1918, 113, 
700 ) lias tbnnvn moic light on the coiustitutiori 
of morindon, vvliieh was known t.o yield 
2 -methylarithracenc on distillation with ziuc- 
dust and believed to be a tnliydroxyinethyl- 
anthraquinmie (T’erkin and [J urnmel, Chein. 8 oe. 
Trans. 1894, 05), 851 ). This view^ has now been 
conhrmed, and it is found further, that tw^o of 
the hydroxy groups must be 111 the ortbo-po.Hitiori 
with' respect to the carbonyl groups of the 
anthraqumonc nimleus, since treatment with 

1 Simonscn (private communication in 11)18) con- 
siders this to be incorrect, and that the formula 
Co»Hou 0 i 4 of Thorpe, Oreenull and Smith (cf. Perkin, 
C&em 80c. Proc. 1008, 24, 140) correctly represents 
morindon. See aUo M. umbelMa. 


till'll its coii.stitutinii will 1 k' represented as ali- 
zarin in whicJi one ot the lliTcc /Tjiosit ions is 
occupied hy ('114)H. Though such a con- 
slitiitioii would appeal to hiumoniHc wu'll with 
the prcsi'iil known (uopertics of morindin, ac- 
coidmg to Simonscii (piivati' commumcatioii) 
cxpmmicntal cvidi'iicc ol a (’H^(JH groiij) 111 this 
compound is lacking. 

Jii 111 . my ie.s])c(t.s the ^Jornida (.ilrlfolia 
rescmlih’s ehay loot and madder, foi, in addition 
to niorimJin and morindon, it eontiiins a largo 
(pi.intdv of ( hloi ()(•<' hi}} , and ('(’itain yi'llow non- 
titutoiiiil suhstanees, derivatives of anlhra- 
quinone. Tin' ])ic}).iiat]on of morindon in 
quantify can he conveniently earned out by 
e.xtiaction with siil])hurouH and, aeeording to 
till' (h'tails givi'ii 111 till' si'ctions on Madder and 
(Jhay Root for the isolation of natural alizarin. 
Siiiionscn ((Tu'iii. Soc, Trans 1920, 117, 501) 
has investigated tlu' residue remaining after 
extraction of morindin, and has isolati-d aliza- 
nii-a-iuelliyl ether and nihiadin mono-methyl 
ether, the fornii'r being identKal with that ob- 
tained by IVrkin anil Hummel from the Olden- 
landia umbellata {mc ('hav Root) and the latter 
with the substance obtained by BarrowolifI and 
'Jhitin (see later) from M. longiflora 

From the alcoholic extract of the Morvmia 
cilrt-pdiUy (Jestcih; (Aich. I’liarm. J907, 245, 
287) has isolated a small quantity of a substance 
which has the constitution of a monomfdhyl ether 
of a Irihudroiynicihyhiidhrti'piinove. 'Jt consists 
of yellow cry.stals, melting at. 2H>", soluble in hot 
alkaline solutions, with a ycllowish-red colour 
1 It 18 not, as thus author suggested, identical with 
the emodin methyl ether which exists in the 
Vcnt^Uiqo jnudra spa tana (A. (4. i’erkin, Ohem. 

1 Soc. Trans. 1907, 2074). ^ 

1 Dijunq pfopnU('s.—\^^ Dr. (jr. Watts 
' Dictionary of the Economic Rrodiicts of 
; India, J>r. .1. Murray has written under the 
! head of Monnday not only a most complete 
account of the more important species, but full 
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details of the ntitivc niethodB of dyeing with , 
them. These methods of dyeing vary con- ' 
siderably in different parts of India, but they arc 
all similar in general j)rmci|)les, and ar(‘ prac- 
tically crude processes of the turkey-red dyeing 
known in Europe. An extended senes of dyeing 
experiments in connection with monnda root 
have been earned out by llumnnl and Perkin 
(J. 8oe. Phcni. Tnd. 181)4, 13, 34(1), who find 
that by adoj)Ling certain prccaiitionK this dye- 
stuff possesses a dyeing power Avhieh is greater 
than maddbr itself. 

To obtain good results it is neeessaiy, as 
jirevioiisly indieali'd by i,h«' woik ol Schwartz, 
and Kocelilm (/ r.), to neiitrahs*', oi Ix'ttiu 
stdl to r(‘inove, the fri'C acid which (“xists in 
eonMidcia))l(' (|uantity in the rooih. I'lxjien- 
iiK'nis also with the powilcied monnda loot 
which had Ix'cn alloued tok'^menl, oi had been 
digested with boiling dilnli' bcid, as m the i 
jircjiaration of ‘ garaneim' ’ fioin niaddiT, | 
showed that tlu'sc jirejiarations dyed exceedingly 
w'cll when I ]).(*. of chalk wa.s addial to the dye- ! 
bath. It W'as found, for instance, that 7 b | 
grams of a sample of washed monnda loot, ] 
(eijuivalent to 10 giams of tlii' unwashed loot) j 
had a dyeing powei eifnal to 15 giams maddei j 
root of good quality. j 

I'he reds and pinks obtained on alumina, 
mordant aie yellower than the coire.s])onding 
maddei colours, the chocolate jiresints a similar 
difference m tone, and hi'iicc again a])pear8 
fuller than a. madder chocolate, whiEt the lilac 
is distinctly rc'ddi'r. Oil-picpared calico mor- 
danted as lor turkey. red gives a, verv bnght 
orange-ied or scarlet smnlai in shade to that 
given by ffavojmijiunn. and fast to ileaiing 
with soap and stannous eliloiide. ('hromium 
mordant on similaily iinqiared calico gni's a 1 
full rich chocolate, and iron mordant yields 
colours vaiying from dull ]tiirple to lilaek, 
according to the intensity of the moidant. On 
wool and silk, ruordanteil according to the usual 
methods, good chocolate-browns are obtained 
with chromium, ora,nge-r(‘dH with alumina, 
liright orange with tin, and dark purjile and 
black with iron mordant. All thi'- colours 
referred to are as fa,'-!, to .soap as the eorresjiond- 
ing madder colours. With lespect to wool and 
Bilk in the uninorda,nlcd condition, these fibres 
may be readily dyed both with the Avashed and 
unw ashed root, more or less rich orange or yellow 
colours, the brightness of w hich is enlianced by 
the addition of a little acetic acid to the dyi'- 
bath. These colours, howi'ver, winch appear to 
originate from the glucoside morindin itself, are 
of a sensitive character toAvards alkalis and of 
little value. A (1. Jh 

MORINDA LONGIFLORA. Morinda hwji- 
flora, known as ‘ Ojuologbo ’ (Avoody vine) (Jour 
8oc. of Arts, 1905, 53, JOOO), is a native of W'e.st 
Africa, and considered to be one of the most 


cAtrifolia, Morinda iincioria, and Morindia urn- 
hdlata, is absent. The hydi oxymethoxymethyl- 
anthraqumone yellow needles, melts 

at 290', and the acetyl derivative at 173°. 
Heated with 70 per cent, sulphuric acid it gives 
the ] : 3-dihydroxy-2-racthylanthraquinoiio of 
iSehunek and Marchlewski (C'hcm. Soc. Trans. 
1894, 95, JS2). Accordingly it jiossesses one of 
the following formula^ — - 

CO OCHg C'O OH 

... 


ll>dnodie acid converts it into dihydroxy- 
methylant hianol ('^^ll, J)_, (m.]). 235°), and by 
nu4hvla,1ion 1 : 3-dnuct lioxy-2-ni(dhyl antlira- 
qninone (mp. iSH) is produced. 

8mions(‘n ((iiem. Sot. i’ran.s. 1920, 117,5111), 
howa'ver, .stated that Barrowdifl and i’utin’s 
eom]toinul is not dermal from 1 : S-diliydruxy- 
2-methylanlhraqmnone for the diliydroxy- 
meth} laiitlmiquiiioiu* obtained on hydrolysis 
gives an acetyl deiivative, m ]). 225'i wheieas 
the 1 : 3-di!i}di()xy-2-imihylanthiaqninone of 
iSi hunck and Maitidewski lias an acetyl deriva- 
tive, 111 p. 217 218'. It 18 evidently the mono- 
nu'thyl ether of lubiudin and possesses the 
formula 


XX) ^ 

(TL, 







u '■ 

Ot'H, 

'U 

' C.-/U 

OH 


'I’lio .so-called 1 : 3-diinethoxy-2-methy]anthra- 
qumone is thus tnhuidin dimethyl ether (1:3- 
diniet ho\y-4-m(iliviunthra(jUinone). 

The monomethyl ethi'r oi alizarin 
CO Otdla 

O' H”' 

CO 

i.s identical Avith the eompoimd i.solated by 
Perkvn and Hunimti (Chem. 8oe. Trans. 1893, 
03, JJ74) from ebay root, Oldenlandia nmhellata 
(Linn.). 

The^ leaves of the Monnda lonejiflora also 
yontaih the above-mentioned hydroxymethoxy- 
methylanthraijiunone, and in addition a crystal- 
lino alcohol niorrndioied C'HKHgjO^. Avhieh melts 
at 278° and has [a Ini- (15 '9'". Whth sodium 
methoxide and methyl iothtlc it yields methyl 
monndanol C.,;jlie^O;,'OCn 3 (m.p. 110°). 

‘ Ojuologbo ’ does not appear to contain an 
alkaloid, and lixtracts of the leaves and root 
Avere not found to possess any pronounced 
physiological action (B. and T.). A. (4. P. 


Auiluable medicinal plants of that region. It is ! MORINDA UMBELLATA OR MANG-KOU- 
fully described in the Flora of Tropical Africa I DU. The dyeing material, variously named 
(1877. 11 1, 192), Avhere it is stated to bo knoAvn oungkoudoii, jong-koutong, ^cc., is the root- 
uuder the native name of ‘ Mibogga.’ bark of Morinda nmhdlnta (Linn.), and is met 

Accoitlmg to BarroAvelifT and Tutin (Cbem. Avith in Eastern commerce in the form of small, 
>Soc. Trans. 1907, 91, 1909) the root of the reddish-liiowm, irregular rolls of bark, much 
ilfori II Jri forif/ijloru ((». Don) contains an /lydrory- ! wu’inkled in appearance. Its cost is or was 
mdho'xymethylanthraqiiinorie and an alizarin- I about 6d. per lb. In Ja\^a it is largely used for 
monomethyl cther^ although morindin, the ] producing the fast reds in the native calico 
common constituent of the roots of the Moiinda ' prints, well known under the name of ‘ baticks.’ 



MOTHER-OF-PEARL. 


395 


Although the shrub from which the root- The remaining yellow substances, (a) 
bark is obtained is mot with in Ceylon and the orange-red needles, m p. 2r)K°, (h) 

hilly regions of Eastern, Southern, and South- CjgHjoOg, Icmon-yellov; needles, in p, 19H°-199,'^ 
Western India, as well as in the Malay Peninsula (c) needles, m.]) 20S", wen' isolated 

and Java, the material does not appear to be in siieh small amount that a df'termination of 
conaidorod as of any special importance by the their eonatitutioii could not be atti'inpji'd. 
Hindoo dyers, unless, indeed, as is very probable, Dtfv\n{i propvriu^s . — This dyestutT is largely 
they use the root as a whole under the general employed by the Javanese for producing the 


designation ‘ til root,’ of which it must simply be | 
regarded as a variety. 

The following are a few of its Indian verna- 
cular names : A1 (Bond)) ; niina (Tamil) ; niulu- 
ghudu (Telugu) ; mang-koiidu (Malay). 

The older lit('r.ij,ure (‘onneeted wuth mang- 
koudu is extremely limited, brief reference to its 
dyeing projierties only being found in the 
following ])ublicai ions : Plnlosojihy of Per- 
manent Colours (1SI.‘{), Bancroft; Bulletin 
do la iSoeitHo Indiistnclh' do Mulhouso (J832), 
E. Schwartz and I). Koeehlin ; L'Ait de la 
Teinture dcs Jiames (1H4!)), Coidtvville , 
Monograph on the Dyestuffs and Tanning 
Matters of India, iS^e. (1878), T. Wardic ; 
Watt’s Diet.ioriarv of the Eeonotuie T'rodiiels j 
of India (1891), J. Murray. 

Tho (‘xamination of this dyestuff by Perkin 
and iluinriK'l (Cheni Soe. 'I’rans. 115, 851) has 
indicated its close idiemieal resmnblanoe to the 
Monnda citrifolia. Tt contains a glueoside of 
tlie natiirt' of monndin, which yields by hydro- 
lysis mormdon. but which, aei'ording to Perkin 
(Cliem. Soe. Proc. j',)(»8, 24, 149), is best repre- 
sented by the formula. ( AaIDnI bn nhudical 
with that suggest<‘d by Tliorpe and (ireeuall 
(Chem. Soc. Trans 1 887, 51 , 52) for the monndin 
derived from the Mon/ida ( ilnffijia. Th(' (ted id 
derivative ('CJT_,oOj,((bir,0).^ is very sjiaimgly 
soluble in alcohol, and melts at 24f)'-’-248", and 
tho sugar jiroduet'd from the glueosid(' yields an 
osazone melting at 2()2‘’--20ll‘’, which is not 
readily dissolved by alcohol. 

This root-bark contains a considerable 


fast reds in Ihcir eelebrati'd ‘balieks.’ The 
colours it yields are jiractieally identical with 
those given by inyiinda root, Imt niueb fuller, 
a fact not to be wondered at, for it is v ell known 
that in ordinary inormda root tho colouring 
pniici])lo IS situated ehudly in the root hark. 
Ill its oidma.ry «*ondition mnng-kondii is not 
us(‘fid in (ly(Mng, but us in tlu' ease of al root, a 
pn'limmarv washing or steeping in water sulliees 
to remove the deleterious aeid ])riiie]])les jiresent, 
and thus to transform it into a valuable red dyo- 
sfiiff. * A (J. P. 

MORINDIN r. IMoiunda and (iLUcosiDKS. 

MORITANNIC ACID v Old Ki stic. 

MORPHIGENINE. The liydroehloride of 
0-amino- BMiydroxypheiiaut Iireiie. 

0-0 

\ 

Oil Nii2,iia 

MORPHINE e. OnuM. 

MORPHOSAN t\7lJii,0.,N((:H ,)Br,lKO 
'I’rade name for a derivative of nK)r])hino. Used 
as a sedative and hyimotie. v. Synthktic JiRims. 

MORTAR V . ('EMKNTS. 

MORTAR, HYDRAULIC, v. ( EMiwrs. 

MOSAIC GOLD. Ormolu, v. Uomi, mosaic. 

MOSANDRITE. Hydrated titano-silicate of 
eeriurn eaiths (17- 2(1 5 ])e.), ealeiuni, ^fee., 
occurring as reddish-browu iiionoeliiiic crystals 
of prismatic habit m the ne])helitc-sy(‘nitc of 
' tho Langesund-fjord in soulli Norway. Hjj.gr. 
2-93 :U):i. The mineral is named after tho 


(piantity of ehlorogenin (</. Maddeii), togedher 
with a small amount of iion-tinctoiial yellow 
derivatives of anthraijiiinono, A quantitative ^ 
exam' nation of tin' extract from 200 grams of , 
the material uitli sulphurous acid (r/. Madder) | 
gave 9'47 grains of green precipitate, ^vhich l 
yielded : — ! 

Crude chlororidun 8'()75 grams=4-0.3 ]).c. 

Pure morindon . p]87 ,, =^0-59 ,, 

Yellow substances 0’208 „ =()-lT)4 „ ^ 

These -vcllow substances jirovcd to consist of 
a mixture of at least six distinct compounds. 
The main '’onstituent isolated m yellow needles, . 
melting at ]7D-J73°, possessed tho formula ' 
CigHiaOg, and had properties in harmony with 
those “required by a monoinethyl other of a 
trihydroxymothylanthraquinonS. Tho diacetyl 
derivative UieHjo 05 (C 2 H 30)2 melts at 148°. 

A second compound, CigHj^O^, crystallised 
in yellow needles, melting at 209°, and was 
found to consist of the mdhi/lpurpuroxanthin 
prepared synthetically (Marchlewski, Uhem. Soc. 
Trans. 1893, 63, 1142) by tho condensation of 
metadihydroxybenzoio acid "wdth paramethyl 
benzoic acid — OH 

yv yCO X 


'’“Vxco/ 


Swedish chemist, U. (1. Mosander (1797-1858), 
the discoverer of didymmni, lanthanum, and 
terbium. 

MOSLENE. A teryiene U|oHi6» iH<>lated ns 

its nitrosochUji’ido, uhito erystals, ni.p. 111°, 
from the terpeiic fraction, b.p. niT-nb® (5t)"- 
00° /iO mm.) of the essential oil of Moda 
japovica (Maxim), jireviously freed from 
p-cymene. Ajipears to bo a dihydro-p-cymene 
( Y.' Miirayania Yakugakuzassbi, J. Pharin. Soc. 
Jap. 1921, 7()9). Found also in ajownn oil and 
the oil of Moda Qrotisrsi^rmte (Maxim). 

MOSSITE V , Tapiolite. 

MOTHER-LIQUOR. The liquid wliich re- 
mains after the crystallisation of a .salt or other 
solid. 

MOTHER-OF-PEARL. This is the nacreous 
! lining of tho shell of vaiioua molluscs, notably 
that of tho large pcxarl -oyster M dcMjrina imrga- 
,rtfif(’ra (Lam.). The nacre is secreted by the 
I mantle of the mollusc, and consists mainly of 
' caleium carbonate (tlie orthorhombic moditica- 
1 tion eorresjionding with the mineral aragonite) 

1 associated with organic matter (up to 12 p.c. of 
conchiolin). On digesting the nacre in a dilute 
a<!id, all the calcareous salt may be dissolved, 
leaving a coherent i>ollicle of connective tissue 
which retains the iridescence until disturbed by 
pressure. The iridescence is due to the inter- 
ference of light reflected from the microscopb 
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corrugated edges 'of the delicate layers of nacre, 
In consequence of its pleasing lustre, mother-of- 
p'^arl is largely employed for buttons, counters, 
card-cases, knife-handles, and a great variety 
of trivial orriameniB. Large quantities are used 
by the nianufaeturers ol Ihrmingham and 
iSheflield. An inqiortant n.se is that of inlaying 
papter-maehe Mork, while it is also used in the 
ornamcnlation of Moorish and otlii'r Oiiental 
furniture. Mother-of-}K‘arl is soinetinies deeoi- 
ateil by engraving, I'spiM-ially by the (‘hinese, or 
by having a jiattern elehed iijion it by means of 
acid. In tiudc three varieties of shidl are 
rcoogni.sed — namely, tin* white', thi' gold-edged, 
and th(' hlaek-edLU'd l>aik sh« lls are known 
gener.dly as ‘ sinoki'd peaik’ 'I'he ])nnei})al 
lisherii's for jn'arl shell ,ii<' in Tones Stiails, oil 
the noilh-v\es( eoast ot stern Anstialia, in 
the Sooloo An hijielago, in the I’eisian (Jnll ami 
Red Sea, and loijiid Tahiti and some other 
islands of the South Laeitie. The shell rs eoni- 
nioiily known in th(' maikid hy tlio name of its 
]>Iaee of shijiment, sueli as ‘ Manila. ’ and ‘ Kgyj)- 
tian ’ sIk'IIh. In the Bay of C.ddornia and the 
triilf of Panama motlier-(>f-])eail shell is obtained 
from the Mfhdtp nia caltju) nnn (( ju.), and passes 
in trade a,s ‘ hulloek s\u'll ’ 'J'he hiilliant shells 
of the UdhoiiK and certain spi'cies ol TidIh) au' 
also used for inlaid }ia])iei-maehe and otluT 
ornamental juitjiosc's. A'er W. H. Dali, Aniei. 
Mat. 1883, 27, n7t» : and K. W. Streeter, Peails 
and ]*earling lale, London, lS8(i; (1. 1\ Kunz 
and (j. 11. St('\enson, 'J'he Rook ol th.e Peail, 
Newv Voik, RIOS. L. .1. S. 

MOTTRAMITE v . Vai^adiitm , Psiri AciNiTF,. 

MOULDS, feimentat ions piodiieed by, r. 
Fermentatiox. 

MOUNTAIN ASH. SotJuifi AvriijxnKt (Linn ) 
or [ri/ruff Aiicvpana {(hieit.)| Sni icr iu(, 
Hou'o'H. Tlie fruit of this ])lant alloids one ol 
the best natural sources ot niabe acid ('/ e.) 
and of sorbitol. A jiaitial analysis of tlu* 
berries by Kelhofer (Clu'in. ZeiL 181)5, ID, 
1837) shows them to eoniain 2 78 p.c. free nialie 
acid, 0 4!) ]).e. tannin, and (» 27 ji c. of sugar. 
Snrhmose is not jircsent in tlii' jiiiee of the njie 
berries, hut' on dilution and kce])ing for some 
months, is [uoduced hy the oxidation of the 
sorbitol (Freund, Momitsh. 181)1, J I, 5(i(i). This 
oxidation is effected by a sjiecdic bacterium 
(Bertrand, C'ompt. rend'. 181)8, J27, 124, and 
728). H. L 

MOUNTAIN BLUE. vSyn. with Azvute 

Cu(H()),p2(iU('()i,, V. (VllTER. 

MOUNTAIN CORK, FLAX, LEATHER, 

WOOD. Sei‘ A.srks'I'o.s. 

MOUNTAIN GREEN. Syn. with Mdlaclntx 
{( J . V ., also V . Copper). TIh' t'erm is also ajiphed 
to a mixture of Schweinfurth green with gypsum 
or heavy spar; r. Arsenic. 

MOUNTAIN SOAP. kSfintAt V . Talc. 
MOWRAH SEED OIL r. Bas.sia oil. 

MUCIC ACID p. Carbohydrates. Mucic 
acid is made commercially by an Amoneaii 
company at Eureka, Montana, by Acree’s pro- 
cess, which consists in treating larch .sawdust 
with a hydrolytic agent, oxidising the resulting 
galaetoso with nitric .acid, evaporating and 
cry.stallising. It is used as a substitute for 
cream of tartar in baking jiuwder and is con- 
aidt^red a safe food for diabetics. 

MUCIC FERMENTATION GUM v. Gums, 


MUCILAGE. The older writers made a dis- 
tinction generally between gums which, like 
arabic and tragacanth, are obtained as a solid 
exudate, and the gum Avhich is almost a universal 
constitui'ut of jilants, especially of .some seeds 
and roots, and may lie extracted hy treatment 
with water (r/. Gin. 15, 209). 'The latter was 
termed mucthup, or vegilahlc imtnlnyc, or 
Pjlauzcm-chlntu (Ger. ). Among the more im- 
])ottant souiei'M of tins gum aie marshmallow', 
sale]!, Ileaw'ort, linseed, and quince ; Gums. 

MUCONIC ACID. CcH„0„ or GO.JPGll : 
CIPCU : CH G(),,H. A white crystalline solid, 
m JI. abc\e 20(C, foirm'd by tbo action of 
alcoholic jiotash on j^y-di-htoino-adipic acid 
(Riijie, Annalen, 25(i, 22; Riihcmann and 
JMackman, Ghem. Soe. Tiaiis, 57, 373), slightly 
.sdiuhle in hot W'ater, soluble in alcohol and acetie 
aeul. Eoinis i-tailaiie acid by oxidation with 
jidta«sium jieimanganale, togi-ihei with formic, 
e.irhonic, oxalic, mucu' acids, Kv. AIikk anr / is 
obtained in yields nj) to 30 ji.e. of the theoretical 
by oxidising a neutiui solution ot sodium 
mucoiiate with .sodium chlorate in jucsence ot 
osmium tetr<ixid(‘ ami a few diojis of ai etie aeid 
(Ih'liiend and Ileyer, Annah'ii, 1919, 418, 294). 
MUKOGEN V N^nitietto druos. 
MULBERRY, Ihnii.s sj)]). The name of 
si'veral vaiietics of tiees, giown tor fruit, oina- 
nu'td, timhei, shade, or fertile sake of the leaves, 
wlutli Idim till' lu'st food for silkwoirns. Many 
siiecK's and varK'tu's are known, the tliiee best 
Known t\])es henig M. aUm (Linn.), il/. vujra 
(liinn ), and J/. rvlna (Jann.). Eresenius 
(Annalen, 1S5, 191, 219) found in the fruit of 
black mnlhemcs — 

I'rei' liiveit Seeds and 

Watei J'lotein and sugar I’ectuis Idm* Ash 
84*71 0 3!) 1-SO 919 2 03 MO ()-05 

The leave.s contain from (»2 to 73 pc. of 
waic'r, and tlu' dry matter contains tioin 3‘8 
to 0*1 ]) c. of nitrogen and from 7 to 8 5 ]).c. of 
ash (iSe.stini, V'ersuehs. Stat Oigan. 15, 280) 
Aljie (Bied. /entr. 1900, 2!), 422) estimates that 
m Italy alxmt 20 kilos, of wo()d and 25 kilos, 
of leaves ai(' icmoved fiom each ticc annually, 
and that this robs tlu'. soil of about 510 giammes 
ot M,«172 grammes ol P Atg, and 480 grammes of 
GaO, a los.s whicli o<iul([ be made good by about 
JOO kilns, of f.u’m-yaid manure to each tree. 
Menozzi (Chem. Soc. Ahstr. J899, li. 082) 
found the dry matter of mulberry leaves to 
contain 5'0 ji c. of jiento.sans and IJ'2 p.c. of 
cellulose. For a detailed study of the nitro- 
genous eomjiouiids of mulberi'y leaves and 
particularly of the jiroduets of their hydrolysis 
V . Katayamn (Bull. Jmj). ^enciilt. Exjier. ytat, 
Makano, Tokyo, 1910, 1, 1 ; J. C. 8. 1910, ahst. 
i. 875). ‘ D. I. 

MULBERRY PAPER. The inner bark of 
Brouxsmiitid papyrifem (Vent.) contains bast- 
fibres which are u.sed in Gliina and Japan lor the 
preparation of a kind of jiaper, and in Polynesia 
for the manufacture of a fabric. 

MULHOUSE BLUE V . Triphenylmethane 

COLOURING MATTERS. 

MUM. A kind of fat ale, brewed from 
wdieat and hitter herbs. 

MUNDIC. The name given hy the Gornish 
miners to iron pyrite.s. Similarly mispickel 
arsenical pyrites is known as ‘ arsenical 
mundic ’ 
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MUNJEET or MANJEET. The Mm cordi- 
folia (Linn.) was formerly extensively cultivated 
in India, particularly in the mountainous 
(listriols, for the sake of tlie eolmirini]: matters 
contained in ils stem or roots. In the Dar- 
jeeling district it occurs as a small climher 
common all over the lulls, at elevations vary- 
ing from 3()(H> to 7000 feet, hut most ahumlaiit 
biitwecn 5000 and (1000 feet, and is found 
either cn'ejiing along the ground or climhing the 
trunks of trecH in large festoons. In Bengal it 
would seem that the dye of mun|«'et is extrach-d 
mainly from the stem, and only occasionally 
from the root, as is the case m th<* Noi Ui-Western 
Provinces and (Isea hcK' in India. The nuinjeet 
of Bengal is aiiparimlly r.ithei the RnUin 
miinjista ol Boxburgh than the Jinhht coidi folio. 
This spiM'ics ot Biixhurgli is, ho\\e\er, redms’d I 
to Ruhia coidifoliri in Hooker’s Flora of British 
India. To prejian* the d.V' the wood of the | 
miinjeet is first (Irii'd, thmi ci iished and pounded, j 
and then generaliv boiled rvith watm, but j 
sometimes iiieiely left to steep in cold wat.m’. j 
The solution obtained is ot a dei'p red. and is j 
usi'd geneially to dyc' coaist' (‘oKon f.ibnes, or j 
the thread which is to be wovmi into such f.ibries. 
Ahiin appears to be gi'ru'ndly ('m[)loved as a 
mordant, although mvrobalaiis abo aie usisl in 
the Darjeeling distrut, and other astimgents 
in the Maldah di'-trid. Jii Hit' l.itb'r district 
munjei't is used in eonpinetion with iron salts 
to produce a fleeji puiph', .iiid in the Daijc'clmg 
district IS niixi'd with indigo to form a maroon 
(Mc(.!anii, Dyi's and I’aris of Bengal). The 
red and choiiohites ot JOast Indi.in chmt'/es wcie 


and then extracted with boiling toluene (carbon 
disulphide was employed by Slcnhousc), by 
winch means the colouring matters jiass into 
solution, and a resinous imjjuri ty remains im- 
dissolved. The colouring matters aie now 
removed from the toliumc by agitation Aiith 
dilute potassium hydroxide solution, tjie alkaline 
Inpiid IS acidified, and the jirccipitate collected, 
waslu'd, and dried. In order to H(?parate the 
eoii.stituents of this produet it is extraetisl about 
ten times with boiling dilute acetic acid, and 
the dark red rcsiikic consisting of purpunn is 
crystallised from alcohol. 

Tin* iMiluT acetic acid cxtraids arc mixed 
with hvdiochloric acid, and the yellowish-rcd 
deposits are ciystallLsed from alcohol. The 
product consists of orange-coloured leaflets, and 
IS par pai out nth HI corhocijJic iicitl. or miniji'^litif 
as it wais t.(‘imctl hy Stciihouse, its rliscovi'rcr, 
who fir.st ohtairficd it fiom iiuinjcct. Thi' pro- 
pi'rtu’sof this c(unpourHl }ia\ealicady been given 
in d(“tail undei Maddkh. 

.Muuject has also bcim examined by Perkin 
and Jlummi*!, who, in addition to the above 
c(»nstit.ucnls, detected tin* jiiesmici' of a trace of 
jiarfiurinaiithiii (('limn. Sm'. Trans. 1S()3, 03, 

1 1.5). A (1. \\ 

MUNTZ METAL e. 

MUREX V. l*lllll>LE ot' TIIK Anciknts. 

'I'hc 'J'yrian or aiitupio juiijili! was mainly 
ohtaimsl from slu'll-lish, esjH'cially fiom Murex 
hraiuUni-i. Fiicdlander (Monatsh, 1907,28,991 ; 
29, 217) has isolated 1 4 grams of a jmre purjilo 
dye from 12,000 sjtccimens of Mihcx JmnidariSf 
and lias sliown Dial it i.s identical with 0:0'. 


formeily enliicly obtained from muii)eet 'Die d 
colours produecsl fi'om munjes't are hiight, but 
not so durable as those liom oidmaiy madder, 
the luforKUity being due, aecoiding to Stenhouse 
(Ifiianu. Jalir. Lb J4H), to the presence of 
pur[miiii and an oiaiige dyi* munjistm (pur- 
imroxanthm carboxylic .uid) Bunge, who ( 
examined the tinctorial power of munjeet, J 
loucluded that it coiitaiiK'd twice as much 


’oimundigo 



sac hs and Kcmipl, Bm. 1903, 30, 3303) v. 
JSDIOO, HYXTHUTJC, aild PuNlC'lN. 

MUREXAN e. Uiiamil. 


available* colonniig imiUc'f as maddc'i*, but MUREXIDE, ri/ro/miiia/ri /o/(//c;c/r« pryrp'wm/c 


later c xiieriments have shown that flic* c olouiing 
jiovvcii’ is actually lc*ss, Sfenhousc* found that 
munjeet garanciric has only halt the c-olyiiniig 
])owa‘r of gaiaricine made* fiom Xa]»h*s roc«ts, hut 
that immjcet ye-lds (according to lliggin) from 
52-55 j).c. of garaiiciiie, wherc*as luaddc'r yiclcj.s 
only 30-33 pc ^ 

When madder w as so much in vogue, munjeet 
was emjiloyed to some extent in this country, 
because it was eonsidcTed that a good cjyality 
of this material contained as much colounrig 
matter as madder, and could he apjihed by 
exactly the same method". 

The important colouring matter of munjeet 
is pur puna, and no alizarin li prosc*nt in this 
root, and it is therefore; interesting to note 
that whereas chay root contains alizarin, and 
munjeet purpurin, in madder both these sub- 
stanecs exist together. 

For the analysis of the jihenolic constituents 
of munjeet, a modificaticm of the method of 
Stciihouse, who first submitted this plant to 
examination, is to be recommended. 

The ground dyestuff is digested xvith boiling 
alum solution for 5 houis, and the deep red 
extract treated with acid and allowed to cool. 
The red precipitate i.s collected, washed and dried, 


The formal ion of a red rc'siduo 
whc'ti a solution of line iicicl m nitric acid is 
c‘vai»c)ratc*d to clryiiess, w.is first observed hy 
Sehc'C'lc 111 177fi, and forms the* basis of the 
well-known warctidK for uric acid and 
conijiounds rc'lated thereto. In 1818 Prout 
(Ann. (’him. 11, 48) obtained the coloured 
piineiple in a erysialline foim, and regarded it 
I as the ammonium salt of a hitherto uiilaiown 
acid, which he namexi purpunr nr id ; and by 
double deeomjioHition jirepared several other 
red jmrjmrates. Liehig and Wohler (Annalen, ^ 
18.38, 2(), 319) sliowed that the comjiound 
obtained by the action of mim'ral acids on 
ammonium purjiuratc, and regarded by Prout 
I as the free acid, was m nvility ' murexan ’ 
(afterwards identilied by Beilstem with vramd), 

! which, together with alloxan, form the chief 
j i>n)ducts of decomposition of purpuric acid by 
' inin(*ral acids. These authors therefore gave 
J the name of mmextdr to the compound, regarding 
it as having moie of the nature of an acid amide 
^ than of a true ammoiKum salt. ISubsequent 
' wairk has not justified tins conclusion, however, 
since purpuiic acid mixed with ammonium 
chloride can be obtained by the action of dry 
hydrogen chloride on murexide susjiended in 
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hot anhydrous' acptic acid ; it is an orangc-red 
powder, and lorma soluble salts with organic 
bases such as methylaminc, cthylaiuine, pyridine, 
quinoline, and aniline (Molilau and Litter, J. pr. 
Chem. 19(H), [ii,] 73, 449). v. (Eschner de 
Coninck ((Nunpt, rend. Koe. biol. 75, 558) for 
greater dehnilion of the reaction. 

Prepataiion. — (1) From uric aeid, by oxidis- 
ing with nitric acid and subsequent tieatment 
with ainnionia or ammonium carbonate (Piout, 
l.c. ; Licbig and Wohler, lx. ; Kodweiss, Fogg. 
Arm. 19, 12 ; Fritzsche, Annelen, 1839, 32, 31(>). 

(2) From alloxantin or alloxan by the ! 

action of ammonium salts in solution (Fntzsehe, I 
l.c. ; Liebig, l.r. ; (Gregory, J. pr. Cluun. [i.] 
22, 374); or by pasHing dry ammonia over 
finely jiowdeied alloxan! m at 109^^ ((hneliii, 
Hand. 1. (Ihem. 1850, iv. 195). According to 
Ihloty and Finckh (Annaleri, 1991, 333, 22), a! 
yield of 89 p (!. of pure murexide can be obtained ! 
by adding 5 grams ol alloxantin m 299 e.c. of ] 
water to a mixture of 25 giams of ammonium 
acetate in ]()() c.c. water and f5 c e. of 19 ]).e. 
ammonia saturated with eaibon dioxide; the 
solutions are mixed at 89° and tlie murexide 
crystallises out. The alloxantin may be re- 
jilaeed by a mixture ol ammoinum dialurate and 
alloxan. Hartley (Choin. JSoe. Tiaiis. 1995, 1701) 
prepared sjiectroseopieally ])ure murexide by 
passing a stream of dry ammonia into finely- 
powdered alloxantin mixed w'lth 199 tiiiies its 
weight ol boilmg absolutio aleobol, foi 3 liours or 
more. Tlu' pre(!i])itafed anhydrous murexide is , 
washed with absolute uleohoj and dried at 199°, I 
or in a vacuum. j 

(3) From uruimJ by oxidation with mereurie ! 
oxide in tlu! presence ol ammom.i (Liebig and 
Wohler, l.r. ; Beilstem, Anmden, J858, J97, 
17(>); or by adding allox, *in to a saturated 
solution of uramil m iiot ammonia solution 
(Liebig). 

Odu! forination of muiexide by the interaction 
of aqueous solutions of alloxan and ammo acids 
w'as first observed by ytreekei (Annalen, J8I)2, 
123, 393). The reaction b.as been moie closely 
investigated by Pilotv and J^dnekb {ihiil. 1994, 
333, 22), and by Huitley and \^’ootton (Cdieiii. 
)Soc. Trans. 1919, 99, 288). According to the 
latter authors, the aniino acid is oxitlised by the 
alloxan to the next lower aldeliyde with the 
elimination of cat bon dioxide and ammonia; 
the alloxan is reduced to dialunc aeid, A\liicb 
combines with the unebanged alloxan to form 
alloxantin, and tins, with the ammonia, forms 
murexide. The red stain caused by alloxan on 
the skin is probably due to a similar reaction, 
and it is suggested that alloxan may jirove a 
suitable reagent for the detection of ammo acids 

Constilution . — Matignon (Ann. t'him. Pbys. 
1893, fvi.] 28, 347) n'garded purpuric aeid as 
the iraino derivative of alloxautm and expressed 
the constitution of its ammonium salt, mur- 
exide, by the formula 


.. .NH-CO,, p p .CO-NH. . 

AT.A.T IJ 


alloxan, and of uramil and 1 : 3-dimethylalloxan 
are isoinerides and not identical as would be the 
cose if Matignon’s formula were correct. These 
authors therefore suggest that the constitution 
of jmrpuric acid is best expressed by^ the formula 

or in the hydrated form 
NH-(U) 

\CO-NH/ 

the salts being derived from the 'pseudo form of 
the acid 

Piloty and Fmckh (Annalen, 1904, 333, 22), 
h.aving regard to the inlense eoh)iir of murexide, 
assign to alloxan a qiiinonoid structure and to 
muiexidc that of a diurexide oxazonium ammo- 
nium salt, and express its foimation from uramil, 
alloxan, and ammonia by the following scheme 

/Nll(;()\ /CO NH\ 

CO( HB + IIoN-Cu ;C0 + NTT,.-n„0 

\isn-o()/ \(;(oiT^Mj/ 

/^HCO\ /(U)Nll\ 
-C()( )(X) 

— o c— NIP 


Mohlau and Litter (Her. 1994, 37, 2(')89 ; J. pr. 
(.'lumi, 1909, fii.] 73, 449) uquesent muiexide as 
a ketoimide having an unsymmotiieal struet-uio 
such as may he exjiressed by tlie formula' 

.... 


The second of tho.se is idi'utical with that pro- 
])osed by ISlimiiK'r and fStieghtz (l.c.): and 
deduced by Hurl ley (Phem. Soe. Trans. 1905, 87, 
1794) from a study of the action of alcoholic 
ammonia on alloxantin. Hantzsch and Robison 
(Her. 1919, 43, 92) point out the correspondence 
between their formula for the coloured salts of 
violiinc acid and the above formula for murexide 

/NH-PCK 

co: .>C-NO 

\>JH • U-'O.M 
Viulurate. 

‘ ^NH ■ C-OM ^CO'NH^ 
Purpurate. 

the oxygen of the nitroso group of the violurate, 
being replaced by a malonylurea residue. 

Murexide crystallises m short four-sided 
gamet-red prisms, with gold-green reflex. The 
anhydrous salt forms a brownish powder which 
assumes a green metallic lustre when rubhed. 
Its molecular heat of combustion is 736*7 cal. 
(Matignon, Ann. Chim. 1893, [vi.] 28, 346), 
it is sparingly soluble in cold, more readily so in 
hot water, insoluble in alcohol or ether. The 


Slimmer and Stieglitz (Amcr. Chem. J. 1904, 31, I absorption spectrum shows two absorption 
66 1 ) showed that the molecule of murexide 1 bands, one in the visible spectrum and one in the 
could not have a symmetrical structure, since | ultra-violet (Hailley, (Jhem, Soc. Trans. 1887, 
the ammonium dnncthylpurpurates obtained by | 199 ; 1995, 1805). 

the condensation of i : 3-dimethyluramil and Solutions of murexide dye silk, wool, cotton. 
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or leather red to purple shades in the presence ! (Fischer and Ach, Ber. 1895, 28, 2477). It 
of mercury salts, or orange to yellow shades in i forms cmnabar-rod four-sided prisms reliecting 
the presence of zinc salts, and at one time the | a golden yellow light from two faces, it subUruos 
compound was prejiared on a commercial scale, at 230", and decomposes without ])rcvious 
as a dyestulT, from the utio acid extracted from ; fusion at a higher tcmjieiaturi'. It is sparingly 
guano. The fugitivcncss of the colours in the soliibh' in alcohol or water, tt)i niing deep ]Mir|)le- 


presonce of even sulphurous acid, and tho 
superiority of the aniline dyes have caused it to 
be entirely su])erBeded. 

In addition to murexidc, the following salts 
of purpuric acid have been d(\scrihed: sodium 
hijdnMj^-ii mil ('glljNaOaN^,, daik bnek-red .solid ; 
polassiatti Jn/drotjen mil Crtll^Kti^Ng, dark led 
microcrystaliiue solid, jnepansl like the other 
salts from murexidc by double di'coinjiosilion, 
also by oxidising dipotassium uraniil \\ith iodine 
in ethereal solution (I’lloty and Fmckh, Annalen, 
1994, 333, 22) ; dL-f>olamtum suit 
dark blue sohd, formed by dissolving the 
mono-potassiurn salt in potassium ]ivdio\i(h' 
(Fntzschc); culaum salt ,< daik 

green crystalline precipitate ( Ihulshan) ; Ixnium 
sail Ba(CgH 4 ()„NJ,, 3 lLU, <lark green ifrceiju- 
tate, very sparmgly soluble in watm (Fiit/sehc) ; 
sdorr salt ('^,11 p'Vgt I ULO. bnght pin pie 
])owder ; a solution ot niuit'\ide gives a leil 
precipitaU' witli lead aeidate and a bronze i<‘d 
precipitate with mercuric eliloiide. 

Alcthi^lamuif intrpuiaU t'olli( 31 «Nr,.lF<h pi'c- 
jiared by the action of mcthvla.mine on alloxan 
and alloxantin, bums led mieioseojm ihombie 
crvf^tals, loses ILtt al 1 19", decomposes at. 219", 
and when heated with water yields 7 -inethyl 
uramil, alloxantin, alloxan, and metliylamine. 

VAhylaniinv puipuratc 

composes at 295" (Molilau and Litter, 3. pr 
Chem. 1999, [u ] 73, 449). 

Other derivatives of purpuric acid are : 
am)iwninm- \ : [^-dimiihj/ljnii puratr 
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red solutions. It is deeomjiosed on, warming 
with hydrochloric acid, but the only jirodiict of 
the reaction that has been identitiod is dimethyl- 
parabamc acid (cholestrophan) (llrunn, ke.). 

M. A. W. 

MURIATIC ACm r. CnLOUiNE. 

MUSCARINE, OslluO^N, an extremely 
t,o\ic base, was iir.st isol.ited fiom Amanita 
muH'atta bv iSehmu'deberg and Kopjic {Das 
Mii'^rann, Leijizig, 1 S(>!)) and occuis in other 
poisonous fungi. Its constitution is unknown, 
but it Mas originally eoiisidcK'd to b(i an oxida- 
tion ])r()duet {>1 eholnie Sehmiedebmg and 

llainaek (Aidi.^exp l\\th. IMmrm. 1877, 9, 
191), by the action of mtrie acid on clioline, 
obi. lined a base Mbieh a[>pe,ii('d to b(' identical 
with muscarine, and to havi' tho const itutfon 
<)ir\ (('ll ,),('lL('ll(Oll), Musiiaiine was thus 
eousidmed to be a hvdiatcd aldebydo derived 
trom choline, I )itlci (mces in tlie jiliysiologicial 
.let ion oi the sviitludie and n.itiiral bases were, 
howeviM', pointed mit bv« Boehm (Arch. cxj). 
B.itli Bharm. 1885. B). 187), while the chemical 
ton.stitution was placed in doubt by tin' work of 
Bctliiieiblau (Ber. 1884, 17, 1141), who synthe- 
si.scd tb(‘ aldeliydc coi responding to choline, 
and .1 K. Fischer (Ber. 1893, 29, 479), who 
conlirmed the constitution of Bei hnerblaira 
base by oxidation to betaine. The ahhdiydc 
(hnered considerably in its jihysiologieal action 
i liom both ‘syntbetK ’ and ‘ natural ’ muscarincB, 
i Nothnagcl (Aicb. Blmini. 1894. 232, 289) con- 
1 lirmed the eailu'r work from the chemical side, 
I while Hans Mi'vei conlirmed and extended 
Boehm’s observations as to difference, s of 
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i physiological a<‘tion. 

formed from 1 : Il-diniethyluiamil and aJIoxan j eonliadutoiy natiiie of theao results 

in the presence of ammonium carbonate', crystal- explained bv the discovery (Kwins, Bio- 

lises in small four-sided jnisms, is slight ly , ^ j 299 ) that Sehriiiedebeig and 

yellower in colour thaii_ murcxidi', and ^_l)>sc^ : j(,i,„.ick’H base, was nol an aldehyde but the 
' ' choline csti'f of nitrous acid 

(JllN(('llj),,('^fd'^fA^'^> 

the nitrogen in tin*, molcculi', which hero renders 
analysis difficult, not having been previously 
rlcti'numcd ‘ Bynthctie ’ or ‘ j),scudo ’ muscarine 
thus belongs to the seric.s of choline esters, 
manv of which, as shown by Hunt and Taveau 
(llygien. Bull. No. 73, VVasbmgton, 1911), 
])o.Wiss a very high degree of physiological 
activity. In yiarticular another member of this 
serie.s, acetyl-ehohne, which occurs in ergot 
( 7 . a.), has been showm by Hale (dour. Physiol. 
1914; IToc. Phy.siol. Soc. iii.) to aiijiroxmiate 
to the muscarine type of action. 

Natural musearino W'ould not, however, 
apjioar to be an estei of choline, since its solu- 
tions are not decomiioscd by boding dilute 
alkalw or acids. Investigation of a number of 
derivatives of cholmc (Kwins, Bio-Chcm. J. 
1914, 8, 399) revealed in some cases a very 
close resemblance in physiological action to 
that of muscarine, but tli<i con.stitution of the 
latter remains unsolved. (Cf. Weinhagen, 


■esembics its isomiuide ammonium 
divh Ihylpurpmaie 

^^<NH'CC(.)NH4)-"'^ ^ ^ ^dX) NMc 

similarly obtained from uramil and 1 : 3-dimetbyl 
alloxan. 

H-Mdliylpiirpuiic acid 

prepared fr in methyl iodide and anhydrous 
potLsium juiipurate ; the isomeric OA-nulhyl- 
purji urate 

CO ,.CV-NH 

^^<-NH-C(OMe)'^^ CO-NH^^ 

obtained from methyliodide and silver purpurate 
is unstable (Slimmer and Stieglitz, Amcr. Chem. 
J. 1994, 31, 991). M. A. VV. 

MUREXOIN {ietramcthylmu.rcxide ?) 
CiJIi«0„Ne 

is prepared by the action of air and ammonia 
on dry or moist amalic acid (tetramethyl- 

2I?5U)'; tr\y Wii dVsMyanmlic | 

acid with bromine, and afterwards with ammoma 
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MUSCARINE, This name is also given to 

C 1 N(<:H,),C,H,<^>C,,H 50 H 

tlic chloride of diinothyl plieriyl-/>-aminonmm-^- 
hydroxynaphthoxa/.joe, obtained by the action 
of nitrosodimethylaniline liydroelilondo on a- 
ddiydrox5^ria})hthalene. A (if>lt»urmg matter 
introduced by Durand and Tfumienin, la a 
browmah-violet ]>owd(‘r, spann'^ly solul)k‘ in cold 
water but readily soluble m hot water with a 
bluish-violet colour. Alkali.'^ [)teei[Jitate the base 
as a yellow-blown powdei. Dyes cotton mor- 
danted with tannin and tartar emetic a blue 
colour V, OXAZINJS rOLOURINO MATTRKS. 

MUSCOVADA. I'he iinrt'lined brown or raw- 
sugar of coninuTce v. tSuOAii. 

MUSCOVITE or MUSCOVY GLASS. A term 
occasionally ajiplied to mica {7./’.). 

MUSHROOM, the name given to various 
species of laliblc fungi. Sjieeios of y\(jitiin(s, 
Lariarlus, and Copnniib, and po])iilarly even of 
Boletus, Polyporus, and MorrluiUi, fiirmsli most 
of the edible mushrooms, although some spocii's 
of the same genera are ])oiHonous. 'J'he following 
analyses, chiefly from Jvonig, are of I'dible 
fungi : — 



Pmtiiota (di/rircan) 

oampestns ((bid.) 8'J'7 4 9 0’2 0 4 07 2 f) 0 8 0 8 
Canthurellus cibarius 

(Fries.) . . 914 2 1. 0 ( 0 7 0 2 28 10 0 7 

Boletus I'diilis (lUlll ) 87 1 .9 4 0 4 0 4 2 2 2 O I 0 TO 

,, luteus (Linn ) 92 0 I f. 0 2 2 0 2 0 1 2 0 r> 

Luetariiis deliciosus 

(Fries,). . . . 888 3 I 0 7 2 2 0 9 3 0 0 7 

(?) Volypoms oi'inus 

(8i:hatl ) . . .91 0 1 0 0 0 2 0 1 7 J 8 0 7 

Morchelki escidenta 

(f*prs ) , .90 0 3 3 0 1 0 7 0 1 3-7 0 8 1 0 

Cojnims comatus ' 

(Pors ) . . . . 94 3 2 0 0 1 2 9 0 2 0 9 

Mushruom.s are liable to considerable varia- 
tion in (!om posit Kill according to the age at | 
which they ai’c gatheii'd and to the charaider i 
of the sod or other medium on which they are 
grown. The nitrogenous matter and crude 
libre are the most variabh* eonstituents. Owing 
to the very large ])roportion of nitrogenous 
substances in the dry matter, mushrooms are 
usually considered to be highly nutritious, but, 
according to the investigations of Saltcl (1885), 
Uffelmann, iStrohiner (188(1), and Mendel (181)8), 
the nitrogenous matter has a low digestibility, 
about Jl.'l p.e. of the pure proteids usually being 
indigestible. Of the total iiitrugen, from 
CO-80 p.c. exists as jiroteid, (l-Kl p.c. as ammo 
acids, 11-17 p.c. as acid amides, and about 
0'2 p.c. as ammonia. Oholine occurs to the 
extent of 0*01 pc. in Catilhordlus vibanii.'^, 
0-015 p.c. in Vsalhota compestris, and 0-005() 
p.c. in Boletus cdulis (Polstorli, Chem. Zentr. 
1900, ii. 2014). 

IJetz (Zeitsch. Nahrungm. Unters. Hygiene 
u. Waarenk. 1893, 7, 223) found that 19 varieties 
of mushrooms contained, in the dry matter, 
from 0-08 to 1-G4 p.c. lecithin, and from O’l I to 
3*08 p.e. of combined phosphorus pentoxide. 

Gilson (Gompt. rend. 1895, 120, 1000) 
obtained, from various species, a substance 


identical with chitin, the homy external covering 
of insects. The fat consists of phjdosterol, and 
a dark brown oil, about half of which consists 
of free fatty acids, the remainder being neutral 
fat (Opit*/., Arch, rharrn. 1895, 229, 290). 

The non-mtrogenous extract of mushrooms 
consists chiefly of mannitol, trehalose (or 
mycose), iiiulin and pentosans. According to 
Boiirqiielot (Gonifit. rend. JOS, 508) mannitol is 
largely jirodiiccd from the trehalose during the 
after-npeiiing and drying, whilst the trehalose 
itsi'lt IS foriiu'd from some dcxtrin-like carbo- 
hydrate, which constitutes the tissue of the 
fungus. The pioportion of pentosans is small; 
Wittmanii found about 0*1 j).c., whilst Menoz/a 
((jhem. Hoe. Abstr. 1899, 11. (183) found, in the 
dry matter of BoBtiis edulis, 1 *9 p.c. 

'I'lie ash varies in amount aiid composition ; 
it J'oiniK from 5 to 9 ]> c. of the dry matter, and 
iisiiallv eoiitaius about 50 p.e KoO, 30 p.c. 
iGOjj, w'ldi smaller quantities of lime, magnesia, 
soda, silica, and cliloiine. Alumina is often 
])ro.sent, in some cases to the e'xtent of 5-7 p.c, 
A ]ioisonous fungus, Amainta muscarui (Pers.), 
contains an isomeiidi* of hetaino, muscarine. 
('H(OH)kTl.*N(('H,,),,OFl, which acts like a 
ptomaine. One of the cdilile fungi Gyroimtra 
{HdveUa) rsndenta (Fries.) in the fresh state, 
contains a ])oiHonous constituent, helvellic acid 
(P>ohm and Kulz, Areliiv. expeii- 
menb'lle Path. 19, 403). H. i. 

MUSK. Mosdius. LT H. P. ; di'leted from 
B. P. 1914. (il/a-^r, Fr. ; Mosdiu.^, Ger.). 
.Musk e.onsists of thi' dued seeietion of the 
piepiitial follicles of die iimsk deei, MosdiUs 
mosehijci us wlucli inliahits the luountaiii- 

oiis distnets of Cent ral Asia. CJ. Pereira (Mat. 
Med [ill.] 2, 2251). It is the most important 
article of export troin Tiliet, the principal 
market, hiang at T’assienlon, in the* jirincijiality 
of Kiala, which lurnishes from 1200 to 14()0 
kilos, annually. Its value is now' iroin 12 to 13 
times its Aveight in silver. 3’liree qiialitios are 
recognised by the Tibetans— first, golden- 
y(41()W ; second, clear rod-brown ; and third, 
dei'p red-brow'ii. It is largely adulterated by 
the addition of a mixture of blood, yolk of egg, 
and meat. An analysis by (xciger and Reimann, 
cpiol/al by (rmelin (Handb. Chem. 2, 1449), 
shows that it contains cholesterol together with 
fatty, W'axy, and albiiminouB substances. The 
wi'll-kiiow'n odour of musk is due to the presence 
of a ket( me mushonr. VVTien distilled w'ltli steam 
Vrude musk yields 1*4 p.c. of a dark brown oil, 
abqut half of winch distils at 2()()‘72i0® under 
9 mm. pie.ssure. Muskone ChsHogO or CuHgoO 
is obtained by treating tne distillate with 
aleoliolie ])otassium hydroxide and distilling the 
product at 1G0"-1()4° under 7 mm. jiressure. It 
IS a colourless, .viscid oil, boils at 142‘^-143'^ under 
2 mm., or with slight decomposition at 327‘'- 
330^ under 752 mm. jiriissuro. It is sparingly 
; soluble 111 water, readily so in alcohol. The 
; O'jcirne melts at 4(F. The semtearbazone melts at 
' 133^-134'^, and is odourless, but gives an odour 
! of musk when heated with dilute sulphuric acid. 
The fraction of the oil boiling at (»5°-10()° under 
I 7 mm. pressure obtamed in the preparation of 
; muskone has an unpleasant odour and gives the 
i piiio-wood reaction tor pyrrole (Walbaum, J. pr. 
1 Chem. [ii.] 73, 488). Hack (Chem. Zeit. 1915, 
! 39, 638) describes a different odorous ketone 
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civetone (zebetone) m.p. jK 5 ,M|^"b.p. 

204®-205''/17 mm. or 342°/741'5 mm., an 
orime, ra.p. 92°, and a ^fmicarhazrinf, m.p, 187®. 
Besides its use as a perfume, musk is employed 
in medicine as a nervous stimulant. According 
to Bcrthelot the odour of gram may still 

bo recognised. Bazzoni (d. Franklin Inst. 1915, 

80, 40.3) found that tljo loss in weight of dry 
musk during 7 months in a current of tlry air 
was about 7 p.c. of odorous constiluents ; when 
it ceased the musk was no longer odorous. 

Compounds having the odour of musk have 
been prepared synthetically, but such substanei's 
have an entirely diflerent elieinieal structure. 

These are, howevi'r, not poisonous, and are 
largely substituted in tlie elicajier forms of per- 
fumery for the ex])eiisive natuial produet.. Tlie 
musk substitutes at present known are trinitro- 
mr/a-tertiarybutyltoliieue and the eorK'sponding 
comjKuinds obtained from tin* lioinologiK's of 
toluene, and ib(' dimtro dc'nvatives of the 
ketones which are formed by tlie interaction of 
acyl ehlorides on butyl derivatives of toluene 
and bomologues (Baur, Compt. lend. Ill, 2.38; 

Her. 24, 2832 ; thul. 31, 1.344). 

MUSK, ARTIFICIAL r. Butyl. 

MUSK-ROOT IK Olfo hi'Sins. 

MUSTARD. Mustard is derived from the 
seed of an annual crneiferous plant which grows 
wild or is eullivati'd in Croat Biitiiin, and 
throughout Fuiope, the United States, and many 
other eountnes. It grows to a height of from 
3 to () feet, has yellow tlowers and lyrate leaves. 

'I’wo varieties are commonly used, Sinapis 
alba (Linn ) or white, mustard, and BraxsKa 
nifira (Kocli) or black mustard. The si'cds 
of the former are spliorieal, 2 to 3 mm. in 
diamet-ei, of a buff colour outside, with a finely 
granular suifaee. 'Those ot black mustaid are 
from I to 1'.') mm. in diameter, liavi* a dark 
brown retieulati’dsniface, but are ^/cliow' w'lthm 
Indian mustard is ^uncra (Coss ), 

and the lUissian sarejita must aid is B. 7>V,s,sc- 
ruLim (Alldr.). 'The Dakota (wild) mustard 
or Chailoek is H. najiiNfrnm (Boiss) (or Snhtjtis 
anifuwis (Linn )). 

Prrpaxtiiov. — 'I’he ground farina is usually 
a mixture of the two varieties, ami is ]»rej^red 
by crushing the seeds, winnownig outi* the 
husks, which form an obstacle to hne grinding, 
and sifting. A large jinniortion of the fixed 
oil is very generally removed by hydraulic 
pressure. 

Compo.niion — 3’he main constituent of the 
seed is the fixed oil, which is tasteless iiiid 
nearly odourless, and is employed for mixing 
with other illuruinating oils and sometimes for 
culinary purposi's. This occurs in both varieties 
of the seed. 'Fhe valuable and characteristic 
properties of mustard arc due V) the volatile 
oil, allyl fw-thiocyanat(‘, CtjHgNUVS, which, 
however, is not prevsent in the mustard as such, 
but is formed by the action of water and an 
enzyme, myrosin, which is present in both kinds 
of seed, on a glucoside, potas.sium niyronate 
KCioHisNSgOio, which is only found m the 
black variety. White iiiiistard also contains a 
gluco.side, sinalhni which on 

hydrolysis forms an acrid pungent oil, aainyl 
Uo4hiocyamie (C^H^ONUS), which, however, is i 
only slightly volatile wdth steam. Mustard seeds ' 
contain mucilage but no starch. [ 
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Fairly complete analyse# by Piesse and 
Stansell gave the following results — 

Table T. 


— 

j Whole seed 

I Wliite j Hrown 

Moisture 

i 

i 8-00 

8-52 

Fat . . , 

2()-53 

25-54 

(’el 111 lose 

9-09 

9 -01 

ISuIphuf- 

0-9(; 

1-28 

Nitrogen 

4 -.31 

4-38 

FToteiiis 

28-21 

20-50 

Myrosin k nibumiii 

4-91 

5-24 

Snliibb' mattor 

2()-S3 

24 -22 

Volatile oil 

0-07 i 

0-47 

A.mIi, total . . . 

4-(i3 

4-98 

Asb, HolubU' . 

0-(m i 

1-1 1 

Potassium mvronate ] 

— 

1 -09 


. Farina 


()-04 
35 -lb 
5-79 
J-27 
4-73 
29*5f) 
()‘70 
3.3 114 
9 '1)3 
4-28 
0 44 


4‘83 

37-05 

2-80 

1-43 

4-75 

28-71 

0- 40 
31-94 

1- 44 

4- 93 
0-92 

5- 15 


Mustard is ehieflv used as a condiment, but 
is also employei) m medicine internally as an 
emetic and externally as a riihefaeient and 
counter-irritant. 3'h(' volatile oil, from black 
mustard seeds, is also ofbeial m the British 
Pharmacopoda, and is a powerful vesicant. 

I’able-mustard, as we use it to-day, is said 
to have been lirst prepan'd in 1720 by a Mrs. 
Ulements, of Durham, who conceived the idea 
of grinding the seeds in a mill and mixing the 
}M)W'dcr with w'at(T. Jiefure that time the seeds 
were sent whole to table. 

Adulteration. — Prac-tically the only adultera- 
tion to which inustard is subject in this country 
IS the addif ion ol foreign starclies, aeeompanicd 
not unfr<*qnently by turmeric or aniline dyes to 
restore the colour, ('ayi'iim' pejqier is also said 
to be added to increase the pungimcy. 

'File addition of stuieh is defended on the 
gioiind that it confers better keejmig properties 
on the pre[)aratiori and ]»rcveiitH it caking. 
JTovided the addition is notified and the amount 
moderate then' IS no objection : but in England, 
at all events, it is quiti' unnecessary. 

In inferior gradi-s traces of starch may bo 
present ow'ing to the accidental admixture of 
starch-bearing seeds during the gathenng of tho 
crop. 

Tho removal of tho Fixed oil has been re- 
garded by some as an adulteration, and at least 
one successful prosecution has been recorded in 
this country (British Food Journal, 1903, 278). 
The practice, however, is very genera], especially 
on tho (Jontment, and little can be said against 
it. The fixed oil adfls nothing to tho flavour, and 
is certainly liable to become rancid. 

The admixture of ground hulls in excessive 
proportion has also been recorded. 

DeUrtinn of adulteration . — Added starch is 
detected by the mioroseope. If much is present 
the addition of iodine solution will stain the 
sample blue. As, however, the volatile oil 
ab-sorbs iodine rajndJy, it is desirable in the 
case of small quantities of starch, to prevent the 
formation of the volatile .oil by previously 
boiling wuth potassium iodide (Amer. .1, Pharm. 
189S, 7(b 433). Tho determination of the starch 
may bo effected approximately by microscopical 

2d 
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comparison of the sample with mixtures of 
mustard containing known weights of the 
particular starch ascertained to be present. 

Methods based on the conversions of the 
-starch into sugar and tlio estimation of the 
reducing power are not very satisfactory, owing 
to the presence of other reducing substances 
not derived from tlie starch. To obviate this 
as far as possible the conversion should bo 
by diastase, and should be preceded by extrac- 
tion with ether and JO p.c. alcohol. 

A method in which the starch is weighed as 
such is that of Kreis (Chem. Zeit. 1910, 1021), 
in which the substance is digested with alcoholic 
potash, the insoluble matter, afti'r washing 
with alcohol, is Invited with dilute sodium 
hydroxide, and the solution diluted ami filtered j 
and a portion of the filtrati* treated with an j 
equal volume of 95 p.c. alcohol. 'J’he jirccipitatc 
is allowed to settle (aided b>i a emitrifuge), 
filteriHl off, washed with 50 p.c., thmi w ith 95 p.c. 
alcohol, rinally with ether and dried and wi'iirhcd. 
An allowance of 3 ji.c. sliould Ik* made for non- 
starchy suhstances in tJie precipitate. 

The profiortioii of added starch may also be | 
calculated, in the absi'iicc of other adidtciants, ■ 
from the ri'.duction in the jicrcciitagc of nitrog(*n 
in the fat and watef-frcc sample. Methods 
based on the determination of the fixed oil are 
obviously unri'liablc. 


Tumeric is detected by the microscope or 
by soaking a strip of filter paper in an alcohoUc 
extract of the sample, then in a solution of 
borax, and finally acidifying with dilute (2 p.c.) 
hydrochloric acid. When dry the paper will 
assume a rose-red cdlour, which turns deep 
blue with ammonia or ohve-green with dilute 
caustic potash. 

Aniline dyc.s may be detected by digesting 
the mustard wnth water contammg a few drops 
of ammonia, filtering, acidulating with acetic 
acid and dyeing wool threads with the filtrate. 
According to Bohrisch (Zeit. f. Unter. Nahr. u. 

I (h'riiiss. 1904, (8), 280), the yellow colour pro- 
duced by jmre mustard is removed by washing 
with w^ater, while that due to coal-tar dyes is not. 

1'he presence of an undue proportion of the 
hulls is at once apjiaront on microscopic examina- 
tion, the most chaiacteristic structures being 
the cellular cjiidernial layer with its mucilage, 
j the sub-cjudermal cells w'lth their thickened 
j angles in the case of white mustard ; also the 
palisade colls, yellow and not reticulate in white 
mustard, and blown and reticulated m the 
black variety. As will be scon from Tabic JJ. 
the indi(‘ations of the microscope may be con- 
firmed by clumiical analysis, the total nitrogen, 
fibre, and copjicr icducing ])ower, after treatment 
with diastase, being the most useful determina- 
tions 


Table li. — A nalysis of Mostabi) (Ixjacli). 



Flour 

j T lulls 




Seeds 




Flaek . White Black 

White 


Black 


White 

— 

! « 1 j 

! e 1 s ' s 

= : *2 E 1 e 

ca ! i 10 

rt ' 1 rt 

£ , ^ -52 1 .o 

0 

rt 

E 


0 

rt 

‘5 

o 

X 

.0 

0 

rt 

a 


C rt j «J 1 (U 

W 1 o O 

1 S' ! ^ 

‘ C3 t C3 ' rt 

o , w ' w 1 o 

s 

e 

Bar 


U) 

0 

W 

0 

fi 

1 

Moisture . 

5 55 7 23' 9 50 7*47 

5 09, 0 83 8-07’ 0 40 

1 

5-30 1 9-12 

8 40 

5-88 

6 49 

0 43 

5-93 

6-69 

Total ash . 

5‘58 4'90i 5 25! 1-73 

4‘09 5 03! 4'43 4 50 

4 65' I 59 

4 00 

407 

3-84 

4 37; 

4-83 

4 34 

Water sohiMo fish 1 

0'27 0 23, 0 O't 0 18 

0-23 0 95' r2« 2 33 

TOi: 178 

1 80 

0 40 

0-45 

0 52 

0-73 

0 63 

Asli Insol. U('l . 1 

O'OS 0 13 0 50 0 35 

0 29 0 14' 0 23 0 05 

0 22' ()0-> 

0 04 

0 22 

0-21 

0-10 

0-33 

0-50 

Fat (('tlier extract) 

17 40 20 01 10 28112 05 

25 95,13 81 jlO 51 7 03 

0 03 1 7 79 

0-17 

37 81 

35-30 

27-45 

30-84 

27-19 

Volat ile oil . 1 

3 OS 4 07 3 091 0 00 

0 00 2 2fi| 1 83, 0 00 

0 001 000 

0 00 

2 70 

2 9i 

0-00 

0 00 

0*00 

Alcohol extract ! 

25'31 19 22 21 98'24-2l 

20 78 14 2ri4-15 11 07 

10 40 8 51 

8-07 

13 70 

14-26 

16-31 

14-98 

17'75i 

Total nitroRcn . 

0'37i 0 75 7 13: 7 44! 

0 21' 3 891 4 04 3,03 

3-22i 3-00 

2 90 

4-10 

4 49 

3-96 

4-12 

5-09| 

Ctriide fibre 
KediiciiiK uiatlers ' 

3 28 2 27! 2'45| 1-87 

2-2l'IO 90 11-34, HV40 

1 ! 

17 09 10 08 

18 95 

4-41 

4-21 

4-95 

6-53 

4-87 

(acid conversion) ITdO 4 87 5 03 (>12 
KoducinginaUers 1 1 j 

6 75 0 9n,U-(l6;20 40 

1 ! 

2000T9-90 

1 

17-35 

7-34 

0 94 

8-42 

10-06 

9-35 

(diastase method) 

0 71 0 23 0 22 0 23 

1 

0 00, 1-20 3-50j 611 

^4 2l' 3-74 

2-91 

1-70 

1-78! 0*92 

1-82 

r4r> 


Cayenne jiepper may be detected by the , palisade cells will have been stained r deep blood 
pungent taste of the residue obtained bj ! rod. 

evaporating the alcoholic extract on the water- | As the efficiency of mustari.! for medicinal 
bath, and the acrid fumes winch it yields on ' purposes depends on the proportion of volatile 
gentle ignition. ; mustard oil, its determination is of some import- 

The presence of other species of mustard i ancc. Roeser’% method (J. Pharm. Chim. 1902, 
wMch are more likely to occur m foreign brands | 3()1) is carried out as follow s : 5 grammes of the 
is almost entirely a matter of microscojiical j sample are mixed with 00 c.c. of water and 15 
examination (v. Winton, Microscopy of Vegetable ' c.c. of (K) p.c. alcohol, allowed to stand for 2 
Foods ; also Pammel, Amer. Monthly Micr. hours and distilled into 10 c.c. of ammonia until 
Journal, 17, 206, and 213 ; Pharm. J. 1905, [74] j two-thirds of the liquid has passed over ; 10 c.c. 
719), ! of N /lO silver nitrate are added, and after stand- 

(Aiarlock, or wild mustard, may be detected I mg for 24 hours the solution is diluted to 100 c.c. 
by heating the mustard slightly with chloral I To 50 c.c. of the filtered solution are added 6 c.c. 
hydrate, the reagent being made by dissolving I of N/10 potassium cyanide, and the excess of 
16 grammes of chloral hydrate in 10 c.c. of water | cyanide determined by titration with standard 
to wdiich 1 c.c. of hydrochloric acid has been silver nitrate, using sfightly ammoniacal 6 p.c. 
added, Examined under a lowr power the 1 potassium io^de as indicator. The percentage 
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of volatile oil is obtained by multiplying the 
number of c.c. of silver nitrate used up by the 
oil by 0*6274 (v. also German Pharmacopoeia). 
(For proportion of volatile oil yielded by various 
kinds of mustard oil, /ice Ann. Falsi. 1909, 2, 215, 
and 12, 372.) 

The following method (D. Raquet, Ann. 
Chim. anal. 1912, 17, 174), which is official in a 
modified form in the British Pharmacopoeia, 
1914, for the examination of the oil itself, may 
be employed. In a 250 c.c. flask mix 5 grammes 
of the mustard with 100 c.c. of water and 20 c.c. 
of 90 p.c. alcohol, close the flask and allow to : 
stand tor 6 hours, or heat to 35''C. for 1 hour. I 
Distil 50 c.c. into a 100 c.c. flask contain mg I 

10 c.c. of ammonia, then add 20 c.c. of N/IO j 

silver nitrate and continue the distillation until i 
the liquid in the flask is nearly u]) to th(5 mark, 
fit a long glass tube to the neck of the flask and 
heat to for 1 hour. When cold dilute to 

100 c.c., filter and titrate .>0 c.c., after acidulating i 
with nitric acid, with N/JO ammonium thio- j 
cyanate, using feme ammonium sul])hate as 
indicator. 

The number of c.c. of silver nitrate u.scd 
multi filled by 0’1!)8 gives the weight of allyl 
iso-thiocyanate in 100 grammes of the mustard. 
Different kinds of blaclv mustard yielded the 
folhiwiiig figures : Fnglisli, 1 .39 ; Greek, 1 *20 ; i 
French, 1*08; Sicilian, 0 99; Italian, 0*99; 
Bombay, 0*81. I 

Standards . — United Slates Dept, of Agrieul- 1 
turo. Mustard sends should be those of S’. <ilha, 
B. nigra, and B. jnnem. Ground mustard 
should consist of fiovvdered mustard seeds wath 
or without a portion of the hulls having been 
removed and from winch a portion of the ti.xed 

011 has been expressed. Standard ground 

mustard is mustard yielding not more than 2^5 
p.c. of starch by the diastase method and not 
more than 8 p o. of ash. Leach (J. Amer. (!hern. 
Soo. 1904, 26, 1210) suggests ash and .starch as 
above, crude fibre not exceeding 5 p.c., nif rogcn 
not loss than 8 p.c. G. H. G. 

MUSTARD GAS. ^B'-Dichloroethyhulphidc 
(CHgtiLGlIal.^S. AVe EthyUnr ihio-chlond(s , 
art. Ethyl. “ 

MUSTARD OIL v. Oils, Essential. , 
MYCOSE, TREHALOSE, n. GARBOHiimATEs. 

MYDRIASINE. Trade name fur atropine 
methyl bromnle. 

MYDROL. Trade name for io^oraethyl- 
phenyl pyrazolone. A white, odourless jiowdc^', 
with a bitter ta.ste, soluble in water {v. Syn- 
thetic drugs). • 

MYOCTONINE. Scr under AcoNmNE and 
THE Aconite ALKALonis. 

MYOKYNINE v. Betaines. 

MYOSIN V. Pbotein.s. 

^-MYRCENE GioHie or . 

CHa : CH*C(CH3) : GfT*GH2*CH2*G(CH3) : CH.f?) 
A colourless mobile hydrocarbon obtained by 
cautiously heating isoprene at 80°-90° : con- 
tains three double linkings, two of them in 
conjugated positions, b.j). 63®--63*5®/20 mm., 
58''/13 mm, Df 0*8472 nfl *53681 . When heated 
at 60®-70® with barium peroxide and sodium, or 
sodium alone, or by standing at the ordinary 
temperature in contact with benzoyl peroxide, 
it is converted into ‘ normal ’ caoutchouc, 
whereas under similar conditions isoprene gives 


an ‘ abnormal ’ caoutchouc (©stromisslenski and 
Koschelev, J. Russ. Phys. Cbem. Soc. 1915, 47, 
1928 ; Chom. Soc. Alwtr. 1916, [i.] 274). 

MYRICA NAGI (Thunb.). This is an ever- 
green tree belonging to the Myrkacew met with 
in the sub-tropical Himalaya from the Ravi 
eastwards, also in the Khasia moiftitaiiis, the 
Malay Islands, (!hina, and Japan. It is the box- 
myrtle or yaruimm of Ghina, and is synonymous 
with M. mpida (Wall.), M. rubra (Sicb, and 
Zuoc.), and M. infegrijolia (Roxb.). The bark 
is occasionally usc^i as a tanning agent, and is 
said to have been cxfiortcd from the North-W'est 
Provinces to other parts of India to the extent of 
about 59 tons per annum. In Bombay it is met 
with under the name of kaiphnl, and in Japan as 
shibvh. 

Myrirctin G^j Hj^Og.HnO, the colouring 
matter, ca 11 be isolaied from an aqueous extract 
of the filaiit by ti similar method to that which is 
serviceable lor the jireparatiori of fisetin (see 
Vo UNO Fustic) but is more readily obtained 
in quantity from the .lapanese comrnereial 
‘shilmki’ I'xtract (IVrkin and Hiiminel, Ghem. 
Soc. 'IVaiis. 1896, (>9, 1287 ; and Perkin, ibid. 
1902,81,204). 

fl'he (extraet is treated with tcui times its 
weight of hot watiT to re*movo tannin, and when 
cold the clear liquid is deearited off, the residue 
washed twice m a similar manner, and well 
drained. ’I’lio product is extracted with boiling 
alcohol, and the solution (ivuporated until 
crystals oommeneo to separate. On cooling 
these an* collected (the filtrate A being reserved), 
and Av ashed first with strong and then with 
dilute alcohol. A complete purilication is best 
effeeU'd by converting the colouring matter into 
its acetyl derivative, and when pure hydrolysing 
this in the usual manner. Myricetin crystallises 
111 yellow needh's, melting at about 357°, and 
closi'ly resembles (}uercetin in appearance. 
Dilute potassium hydroxide solution dissolves 
rnyncetm with a green coloration, which, on 
standing in air, heoomes first blue, then violet, 
and eventually brown coloured. Alcoholic load 
acictato gives an orangi^-red pr<‘cipitato, and 
foiTK! chloride a brown-blaek coloration. 

With mineral acids m the presence of acetic 
acid the following compounds which crystallise 
in orange red needles have been prepared : 

Myru'clinsulphatii GjjHjpOg'HoSOj, myricetin 
hydrochloride (.'j 5 H|^()g*H(’l, myricetin hydro- 
bromide (Ji 5 irj„Og*HBr, and myricetin hydriodidc 
G^jIIj^Og-lll. Alcoholic potassium acetate 
yields monopoUuyium myricetin G.jHjOgK. 
Bromination m the presence of alcohol gives 
k’trabrom-myricefin ethyl ether Gj 5 H 508 Br 4 Et, • 
colourless needles, ra.p. about 146'' (Perkin and 
Phipps, ibid. 1904, 85, 62), and this is analogous 
to the behaviour of rnorm under similar circum- 
stances. By the action of bromine in acetic 
acid tctrabrom-myricehn Gj 5 H 0 O 8 Br 4 , brown-red 
needles, m.p. 235°-240”, is produced. 

When fused with alkali myricetin gives 
phloroglucinol and gallic acid. IJexa-acetylmyri- 
cctin Gj 5 H 40 g(C 2 ll 30 )*. colourless needles, m.p. 

2 1 1 °-2 1 2° ; hexabenzoylmyricetin 

Cj,H 40 g(C,H. 0 ), 

colourless noodles ; myricetin pentameihyl ether 
C, 5 H 503 ( 0 CH 3 ) 5 , pale yellow needles, m.p. 
138°-139°; acetylmyriceiin pentamethyl ether 
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C..H40j,( 0CH,).C2H30, colourless needles, m.p. 

^ " ’ 


I addition to myrioctin the M, nagi contains a 
-170®, have been prepared. Myrice.lin j trace of glucoside of second colouring matter, 
hexamethyl ether colourless which is probably . 

needles, m.p. 154°-1.^>(}® ; and myncetin hexa- j The dyetm/ properties of myrica bark are 
ethyl ether C, 5 H 40 j( 0 (^_jJd 5 )g, almost colourless i generally similar to those of other yellow 


mordant dyestuffs. On wool with chromium 
mordant it gives a d(a‘p olive-yellow, and with 
aluminium a dull yellow, similar to the colours 
obtained from quercitron hark, but much fuller ; 
with tin mordant it gives a bright red-orange, 
reddiw in hue than that given by quercitron 
I hark ; with iron mordant it gives a dark greenish- 
olive like that obtaiiie.d from quercitron bark, 
but again fuller. 

On cotton with alummuuu and iron mordants 
it dyes colours Avhich an‘, mori' similar to those 
obtained from old fustic- than from quercitron 
bark. Home s])ecimenH of myrica bark are 
exceedingly rich in colouring matter, and a 
sample examined liy Hummel and Piwkin 
^ I (d. iSoc. (’hem. Ind. i8i>r), It, 408) pnssessed 
! miicli strongm- dyeing power tliun old fustic. 
According l-o Satow (J. Ind. king ('hem. 
lt)ir>, 7, I III) (Abst. ('hem. Soc. ISHI, 14!)), the 
colouring matter ot the Jll. 1 ubni has the tormula 
identical iri hoiiu' of its pro- 
pm'tii's with mvricotin. By fusion uith sodium 
I polysulphidc and sulphur a product is obtained 
I which (iy'cs cotton u dccji sepia colour, though if 
opper sulj)hat(', manganese' sii/jihutc. or fcrious 
()J\Io I sul/»li}iti* IS add( d to the fused mass, substances 

Myrioctin hcMoUiyl ctlior l-clinvc.. «iniil'MlyM’'’T“"'," e,. lour are 

with iWKluction ofuallic atui i.netliyl olljcr and l If'’''’''’'';'- '*>’ '".ViK'etni wjlll snljiljur 

ethoxy fiselol ihrihyl d/ur, ])risma(ie ru'cdh'.s, ' 


needles, m.p. 14!)®- 151®, may be obtained by 
means of methyl and ethyl iodides respectively. 

Myrieetin-hexaethy 1-ether ])latuuehloride 

(C!,Jf.,,(),)./Hd>tHl„ 

(Perkin, Choin. Hoc, Trans. P)18, 117, bO!)). 

Myrieetin dyes mordanted* woollen cloth the 
following shades, which are ]iractical]y idi'utieal 
with those given by qm'rcetm : 

Chromium. Alumivium Tin. Iron. 

llod-lirown. ]3ro\vn-oran«o. Jirinht rcd-oranKc. Olive- 

hlai.k. 

On digiistion with alcoholic potash at 170® 
rayncetiii pentamothyl ether give.s (jitfhr mid 
trim, ethyl ether and phJoroylw inhl monomethyl 
ether, whereas Inyncetin iK'xaiithyl ether gives 
gallic and triefhyl i liter and phlonx/liictnol diethyl 
ether. With boiling alcoholic ])otash myncetin 
hc'vamethyl ether gives gallic amd tiimethyJ 
etluT and melhoxyjisetol dimethyl ether (Peikin, 
Chom. Soc. Trans'.' 1011, 100, 1721)— 

OH » 


MeO< 


-(^O—CHrOMo 


m.p. 0()®-07°. Myncetin is tlieiefoie a. hydtoxy 


giierceihi, ami 
stitution : 


OH ' 


jiOHsesscs till' iollowing con- 


OH 


>011 


/OOH 


OH 


N.'O' 


Myricitriii (PjH^ d)j.„H d), or rather 

(',lHn„Oj,, 211,0 

the glucoside, is present in the alcoholic liltratc 
A, from the crude myncetin, from which it. 
separates on standing. The crystals are collected, 
washed first with alcohol, then with dilute 
alcohol, crystallised from water, fiom alcohol, 
and finally from water. Myricitnn forms jiale 
yellow, almost colourless lea-tlets, melting at 
100®-200'^, and is soluble in alkalis with a pale I 
yeillow tint. Aqueous lead acetate give,* an 
orange-yellow jueeipitate, and alcoholic feme 
cliloride a deep greenish-black coloiatioii. In 
appearance it cannot be diHtinguislu'd from 
quercitrin, ami the shades given liy the two sub- 
stances on mordanted woollen cioth are prac- 
tically identical 


alone a brow'n-ycllow compound is obtained. A 
yellow (lyo may also Ix' obtained by nitrating 
inyrieefin siilphonie aenJ 


Chromium. Aluminium. 
Full ))io\\ii- Full golden- 
^ fellow. yellow. 


Tin. 

T>emon- 

yellow. 


Iron. 

Brovvn- 

olive. 


OlHEK SoiritC’ES OE Myiuci.tjn. 

Siedian .sumach, the leaves of the Jlhns 
coriiina (Linn.), eonl-um nryneetin, prolaibly as 
glucoside (Pei km and Allen, ihid. (>!), 12!)!)). 
The eolouiing matter also exists m I'nieiian 
siiMaeh, U. cotin us, and this is interesting, because 
the wood of this tree constitutes ‘ \oung fustic ’ 
and contains ti.setm. Among oilier jilants 
myncetin lias bc(*n isolated from the Myrica 
gale (Linn.), the leaves of Pislacia Icntiscus 
(Linn. j*,. the leaves ot the logwood tree, Hanna- 
torylon eamjiechianum (Linn.), and it is found in 
conjunction with quercetin in the leaves ot the 
coriarin myrtifoiia (Linn.) and the H, metopinm 
(Linn.). * 

' Everest (Royal Soc. Proc. IDJS, Ik, 1)0, 251) 
has slyiwn that in all probability myncetin— as 
a glucoside — accorajianies the anihocyanin pig- 
ment Adolanin ; a glucoside of 

Cl 


OH 


OH 


-o- 


OH 


When hydrolysed with dilute sulphuric acid 1 
rnyricitriu yields rhamnose and myncetin, I 
according to the equation — * ! 

Cs.H, ieo--c„]r,„o,+c,H„o, I 

and is analogous to quercitrin which in a similar I 
manner gives rhamnose and quercetin. In i 


OH 


H 


in the flowers of the purple-black viola (Sutton’s 
‘ Black Knight ’), an observation which is of 
considerable interest in connection with the 
relationship which exists between the flavonols 
and anthocyans. A. G. P. 

MYRICA WAX (MEXICAN) r. Waxes. 
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MYRICIN. The portion of beeswax, consist- I bling soap bars) wrapped in coco-nut tree leaves 
mg mainly of melissyi palmitate, left uiulissolved I (hence these bars were termed ‘ soap of Ihinda ’). 
by boiling alcohol v. Waxes. At present mace butter is chiefly obtained in 

MYRICYL ALCOHOL ((faseard, i European works (Holland, (Icrmany) where the 

Compt. rend. 11*20, 1 70, 880) v. \Vaxes. I nuts are powdered and exjiressed w hen liot. The 

MYRISTIC ACID, C'laHo/C'OOH, discovered I fat is also ja-epared in small qyantities by 
by Playfair in nutmeg butter, from Myndica extraction with petroleum spirit or ether, in 
momimla (Annalen, 117, ir>,5) ; is found also in pharmaceutical laboratones. 
otoba fat from M. oloba (Goigey, ibid. 0(i, S14) ; , The W'oild’s annual production of nutmegs 
in Dika bread (Oudemans, J. 1800, :i22) ; in does not exceed 1000 tons. Only a small 
(‘ooo-Tiut oil ; in butter; in the oil from quince quantity is used in the manufacture of nutmeg 
seeds (Hermann, Arch. Pharm. 227, 2t>7) ; and butter, so that the ])nce of the fat is somewhat 
in wool fat (l)armstadt('r and lafsehiitz. Per high. The seeds contain 28-40 ji.c. of fat. 
1800,020; 1808, 07), and may be obtained by Nutmeg butter has thi‘ consistcmce c»f soft 
melting stearohe acid w it h potassium hydroxide, tallow, is of a yi'llowish colour, and has the 
It crystallises in nei'dles, m ]i ,o2 8"', b p. I21‘'- strong taste and odoui of nutmegs. 

122'' (0 mm ) and 2r)0‘r)‘^’ (JOO mm.), sp.gr. , The eoiuniereial fat varies considerably in 
0‘8022 at r)2’S''/4'’. It is insoluble m water, eoiujuwtion It eontuins fiom 4 to 10 p.c. of 
and only slightly volatile with steam. an essential qil (hence its sapoiiilicatioii value 

Tmnyudm or Iwniyvidil (jlyvindi does not exceed IJIO, and tails to as low a figure 

,, II |r , ' a.s ].‘)4) and eontain.s eliielly trimyristin, in 

^ addition to a liqunl fat and flee fatty acids, 

in which form myristie acid oeciiis in tlu* vaiKUis Gold alcohol di.s.solves the iKiuid fat, tlu^ free 


Myndiva fats, ci vstallises fiom ether in maslles, 
TTi.p. 6.0°. I’lic baiiiim salt is sjiaiingly soluble 
in vvati'r and in alcohol. 

MYRISTICA FATS eoinpn.se a number of fats 
beionging to tlio hiiniiy of Myndicavifv. Tiiey 
•irc a/1 chiiriu'icrisi'd hy a /mqiondeiant j»ro- 
jiortiori of mynstin .ind liciiei' by iiigb safioiiitica- 
tion valiK'H. ^lonie of tbe.se fats, b/sc o( lioeo fat, ■ 
coiLsist aI/]io.st ('iitindy of mynstin. 'J’he following 
fats — .arranged, as far as i.s po.s.siblc at juesent, 
in the ordci of the iodine values— include tJic 
better know'n mcmbcis of tins group) : (a) nutnu'g 
butter, mace butter ; (b) I’apua nutmeg butter ; 
(c) fat from Myridicn vutJdbai ti.a ; {d) Koiiibo 
fat; (<) fat from ]\Jyridica ca/iunni ; (/) fat 
from Myridicd qiuitonaUn.sis, 12-8 pc.; {y) 
Ucuhiiba fat, Picubyba fat. ; (A) Geboeo fat. 

ill addition to the foregoing members there 
must be also included in thi.s group the fats 
from; (I) Myristica oiobd (Humb. and Jionp.), 
wdiieh yield.s the commercial otoba fat or otoba. 
wax; (2) Voold srlnfdd (AubL), a fat used in 
Guiana in the manufacturi' of .soaps and candles ; 
(2) Mynstica ocuha (llumb. and Ponp.). known 
commercially as oenba wax, used in Paj:a as a 
candle-making material; (4) Viroht Michih 
(Heekel), occurring in French Giiiana ; (.6) 

iStaMitia kami i imen-sin (Warb.). 

(a) Nutmeg butter, mace butter, iif obtained 
from the seeds of Miinstica ojfinudhs (Linfl.) 
(S. moschdta [I’hunb.], S. fragrans (Houtt.]), a 
tree growing wild on tin* islands of the Indian 
Archipelago, notably (Vlebcs, (Sumatra, dava, ; 
Molucca, and the Panda Islands, 1'he tree (or 
at least varieties thereof) is also cultivated in . 
Ceylon, in tlic West Indies, Pryzil, and Guiana ; 
The pericarp of the seed yields the arilliis (mace) 
which is used in pharmacy, as a condiment for ' 
culinary' purjio.ses, and for the preparation of 
the ethereal oil contained in it. Formerly the , 
small, as also the worm-eaten, rejected nuts 
which could not be exported were worked up for , 
mace butter on the islands of the Indian Archqie- i 
lago. The nuts w'ere ground to a coarse meal, 
packed in sacks, and steamed for about G hours , 
over boiling pots. The sacks w'cre then placed 
in a strong press and subjected to pressure. , 
The butter so obtained was a brownish mass. 
This was exported in the shape of bars (resem- 


falty acids, and tlu‘ essential ml (unsaponitiable 
matter), leaving about 45 ]) c. undisH()lv''ed. The 
, undihsolved jiortimi yii'klH, on crystallisation 
from cIIk'i, jiiirc trimy i^slm, melting at 55°. 

boi/ing alcoiiol (liss()l\(‘y nntincg Imtter 
a/nioht completely. The hohibjlity in alcohol is 
not only dm* to tlu' high ]icrccntMgi* of free fatty 
acids confained in I’ommcicial sa/iqiles, but 
also to the ready solubility' of mynstin itself in 
alcoiiol. 

A s])ccinien ol gmiiiim' mace butter olitained 
from (Vylon nutmegs by Gower and »Salway 
((4icni. Soe, Trans. 11107, 1052) had the following 


•oiiqiosifion ; 


F.s.seiitial oil .... 

12 5 p.c. 

Tnriiyn.siiu .... 

72-0 „ 

Oleic acid, as glycendi' 

2-0 „ 

J^inolcnic acul, as glyceride 
Formic, acetic, and ccrotic acids 

0-5 „ 

(very small .anion nts) 

— 

Unsaponiliablc matter 

8*5 „ 

Resinous niatciial 

2-0 „ 

09*5 „ 


The nn.saponifiable matter consisted of a 
substance of tlie formula (-'i 8 ll 2 i;G 5 (amounting 
to about 5 p.c. of the expressed oil) and some 
myTisticin ^ sniall amount of 

alcohol G„q 1 I., 40 , melting at 124°-] 35°. This 
alcohol is described as a ‘ phytos<erol ’ ; it 
differs from the ordinaiy phytosterol (sitosterol) 
in chemical comjiosition, although it has the^ 
same melting-point. 

Owing to the proportion of essential oil, 
which genuine mace butter contains, the refrac- 
tive index is very high. Various specimens 
examined in the butyro-nlractometer indicated 
from 77-5 to 85 scale divisions. The iodine 
value varied from 77 to 80, the Reiehert-Meissl 
value was 4T-4'2, and the melting-point only 
25°-2G°. 

(b) Papua nutmeg butter. In consequence 
of the large demand for mace butter (nutmeg 
butter), this fat is frequently replaced by fats 
from other species of Myridica. Thus Papua 
nutmeg butter, the fat from Myristica argenka 
(Warb.), the so-called ‘ Papua nutmeg,’ which 
grows wild in Dutch New Guinea, is substituted 
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for genuine mace Gutter. Papua butter chiefly 
dififere from genuine mace butter in containing 
no essential oil. . 

(c) Fat from Myristica malabarica (Lam.) is 
obtained from ilie seeds of Myrihtica malabarica, 
a tall cvemoen tree growing in the forests of 
Konkan, Aanara, Malabar, and Travancore. 
The seeds contain 32 p.c. of shells, and yield 
about 40 p.c. of fat and resms. Tlx; mace from 
these seeds differs entirely from that of the 
genuine mace in containing no essential od. 
These seeds, sold as ‘ Homhay seeds ’ (‘ Kaiphal ’) 
have been frequently confounded with the 
genuine soiMs from Mi/rif^tira ojjfirumhs. 'Dui fat 
from the kernels of ‘Jionihay seeds’ differs 
entirely from the fat from Mifristaa ojfLctmdn^, 
for its saponification value is about J!f0; it 
molts at 31“, has an iodine value of r)()’4, and a 
Reichert- Meissl value of 1*1 only. In the 
butyro-refractomeler it only indicates 48-41) 
scale divisions at 30°. 

(d) Kombo fat, kombo butter is obtained from 
the seeds of Myn^dica anyohtms (Wi'hv.), 
Pycnantlnis Kombo [Baillon| (\Varb.). This tree 
is widely distributed in the (biboon (kmnvn 
there as ‘ arbn' a suif du Labori,’) in tin* Congo, 
Angola, and in Soutliern and l^orthein Nig(*ria. 
The fruit breaks up easily into two thiek hard 

f iieces of husk and an inner nut covered with a 
also arilluH ; litmei' tlu' si'cds whieh are fie- 
quently inistakf'ii for niitiiH'gs can be easily 
differentiated from oflieial iiutmegH. The sajioin- 
fication value of a sjx'ciinen (examined in the 
Imperial Institute) was 183, tlu^ iodine value 
33*7. 'Idle numbers refiu* to a fat ii iined from 
crude fat by treatment with alkali in order to 
remove the fatty acids. 7’he oiiginal crude fat 
had iodine value Of) *4, and saponiiieation value 
275, and contained about 14 p.c, of fatty acids. 

(e) The seetls of Myristica canarica are derived 
from the ‘ candle nut tree,’ growing in India on 
the Western (Ihats, from the Konkan south- 
wards, A sanijilo of the entire seeds yielded 
4!)*4 p.e. of fat ; tli(‘ mace, 54*0 p e. of fat ; tins 
kernels separated from the shells contained 
fl4*7G p.c. of fat. The fat examined bv J). 
Hooper (Agric. Ledgei, li)()7, No. 3) ivas ‘light 
brown and crystalline, and gave, in the cold, 
with strong suljibune acid a carmine-red colour. 
The saponitioation value was 2LV.02, the iodine 
value 2()*<i4. The liberated fatty ueula contained 
about 70 p.c. of myristie acid. Possibly identical 
with the fat last named is tlie fat from Myrislica 
surinamams (Roland) {Viroh curi 7 iam(*n,sis 
[Warb.]), and perhaps also the fat from Virola 
guattrmlciuifi (Warb.), o)it .lined from ‘ wild 
nutmegs,’ wdiieh du not contain an essential oil. 
These are occasionally impoited into this country 
under the name ‘oil nuts.’ from Africa, as also 
from South America. The iodine value of a 
specimen of fat from T'. gualcmcihii.'iis (' African 
oil nut’) examined by Grimme was 13*8, its 
saponification value 244, and the proportion of 
unsaponitiable matter 1*13 p.c. 

(! 7 ) Ucuhaba fat, Uruoaba fat, Bicubyba fat 
is obtained from the nuts of Myrmtica (Virola) 
btcultyba (Hiimb.). It is stated that the fat 
from Virola hicuhyha is usually mixed in Brazil 
with that from Myristica officinalis, but genuine 
specimens submitted to the author do not bear 
this out. Owing to the crude method employed 
in its preparation, the fat brought into the 


market is yellowish-brown, and has an aromatic 
odour (due to a small quantity of an essential oil), 
recalling that of coco-nut oil. Ucuhuba fat 
consists of myristm and olein (about 20 p.c,), 
small quantities of an essential oil, of a resinous 
substance, and of a wax-liko compound. 'J’he 
resinous substance is soluble in ether, hot 
alcohol, petroleum sjiirit, and chloroform. 
Genuine Bpecimens examined m the author’s 
laboratory melted from 35°-44'7°, had the 
saponiiieation value 218'8, the iodine value 
18*5, Keicliert-Meissl value 24)8, lactones 3 IT) 
]).e., unsaponiliablo matter 3*05 p.c., and 
insoluble fatty acids 80*37 ]).e, 

(//) Ochoco fat is contained in the seeds of 
Scy yhoccphaliiim ochocoa (M’arb.), a tree indi- 
genous to the west coast of Africa. Prom a 
descrijition juiblishcd by Pierre it appears that 
the nuts have no arillu.s, and that they are iiun- 
deliisccnt. The s])eeimens cxammetl by the 
author were identified by the Kew authorities 
as the kernels of Scyphoujihaliinn oihocoa. The 
average w'eight of tlie kernels is 10 grams ; the 
smallest weighing .5 grams, and the hugest 12T> 
gram.s. 'J'lie kernels, together w-ith the thin 
husks suriuuiidmg the endoeaip, yield 58’8 p.e. 
ol fat. By what(‘ver process the fat is prepared, 
a dark biowm colouring matter is at the same 
time extracted, winch is tenaciously nTaiiuMl by 
tlie fat. 'I’his daik colouring matter is not 
only eonkamed in tli<* inisks, but also iii the 
membianous extension of thi* busk (spennoderiii) 
which passes tliiough the wlioli* of tlie eudo- 
I sperm, in the lorm of irregiil.ir lamella' r.idiat- 
, iiig from the (iiala/.a. As the examination of the 
1 daik fat oflered some dillicultie; , the only way to 
1 obtain a fat fiee from eolouiing niattm* was to 
cut out the white endosperm tarelully by hand. 
The amount of eiido.spcrm so obtained formed 
'84*7 ji.c. of the kernels. 'J’hese 84*7 p e. con- 
tained til) *4 p.e. of lat. 

The wliile endosperm, on being extracted in 
the usual manner, yielded a perfectly white fat 
having sa]iuriilieation value 238*5, iodine value 
1*72, and R.eiehert-JMei.ssi value 0*1)5. The fat 
may therefore be considered as consisting of 
practically pure mynstin, or at most of 08 p.c. 
of myristin and 2 j).c. of olein. 

The natives a})ply the name ‘ ochoco * 
indiscriminately to several edible fruits, such as 
the fruits from Lophira alata (Banks.) (‘mam 
fat’). « J. L. 

■ MYRISTICA SURINAMENSIS. The fruit of 
the Mynslica sunimmciuns (Ptoland) was im- 
ported into Germany under the name of ‘ oil nut.’ 
4’he nuts have the size and form of a cherry, with 
I a dark -grey brittle shell inclosing a hard kernel. 

[ The kernels freed from shell, ground to powder, 
and extracted wnth ether, give 73 p.c. of fatty 
extract. The crude fat contains resin and a 
free acid. 100 parts of crude fat contain there- 
fore 87 parts of pure substance. The pure fat 
, has the formula OjgHsjOj, which agrees with 
j tliat of trimyristiii. Like tristearin and tri- 
I palmitm, this body exists m different modiflioa- 
! tions with different melting-points. The tri- 
I mynstin, saponitied with alcoholic potassium 
j hydroxide, yields myristio acid Ci4H280a. No 
other glycerides exist in this fat. The free acid 
in the crude fat was found to be myristio acid, 

I Owing tc the purity of the fat, and the absence 
of other glycerides, Reimer and Will recommend 
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It as a source of pure myristic acid (J. Soo. 
Chem. Ind. 4, 746). 

MYRISTICOL V. Camphors. ■ 

MYROBALANS v. Tannins. 

MYRRH, MYRRHIN, MYRRHOL v. Gum 

RESINS. 

MYRTILLIDIN, MYRTILLIN v . Antho- 

CYANINS. 

MYRTLE BERRY WAX v. Waxes. 

MYRTLE OIL and MYRTOL (Uinney, Imp. 
Inst. Jour. Scient. & Tech. Eesearch Dept. 
1896, 302 ; Schimmel, Chem. Zentr. 1910, i. 
1719). This oil as used medicinally begins to 
boil at 160" and about 80 p.c. distils over up to 
240''. The residue consists of high-boiling ter- 
penes, partly lesimsed and partly polymerised. 
From the portion boiling between 160" and 240" 
by repeated fractional distillation the following ' 
constituents can be separated ; — ! 

A tcTpene CjoHi, boiling between 168" and j 
100 ", and having a spemlic rotation taj„=^ -f 36-8". j 
According to Bartolotti (Gazz. ehiiii. ital. 21, i 
276) the b.]). is 1.64''-166", [ajj, f 69-3". Its pro- | 
pertics led Jahns to behove it to be right-handed 
pineno. ! 

Cmeol CjyHjsO, which, ])unfied by Wallach’s 
method, boiled constantly at 176". 

A eam])hor probably ot the formula Cj^Hj^O, 
in small quantity, boiling at 196"- 200°, [alj^,24-8'’ 
(Bartolotti, /.r.). The therafx'utic value of the 
myrtle oil is dependent on the amount of cmeol 
present in it, the latter substance being identical 
with caje])utol and eucalyptol (E. Jahms, Arch. 
Pharrn. 27, [iii.J 174; J. Soc. Chem. Ind. 8, 
721). 

According to Seiiimlcr and Bartclt (Ber. 
1907, 40, 13(>3), myrtle oil contains in its high 
boiling fraction the ester of an alcohol CjolfjjO, 
which IS called myrlenol and has bp 222"- 
2247760 mm., i||) gr. 0'9763 at 20", [wjj, 1-49668 
and (a]j) (m 100 mm. tube)+46" 46' (according 
to ISoden and Elze, b.p. 220"- 221", [aJu 49" 25'). 
With phosphorus ftentachlorido it yields myrtenyl 
chloride (^^(,11 b.p. 90 /12 mm., and on I 
reduction with sodium, J-junene is formed. On j 
oxidation with chromic acid myrtenol yields an i 
aldehyde 7ni!/rb wi/Cj„TIj 40 , b.p. S7"-90710mm., I 
winch yields an o.xime, m p. 71"-727*and a! 
nitrile, b.p. 100°-102‘yi0 mm. On hydroly.sing , 
tlie nitrile myytemc acid t - 10 ^ 1402 , b.p. 14879 j 
mm., 111 .}). 45', is produced. By redbctioii of | 
the acid dihydrumyrtenie acid Cj^Hj^Og, b.p. I 
142"“14478 mm., iS formed. When oxidised 1 


with alkaline permanganate tnyrtenol yields d- 
pinic acid CbEj^O*, b.p. 212"-21C710 mm-. 

The characteristic odour of myrtle oil is due 
chiefly to the ester in the fraction of the oil 
boiling at 160"-180° (Soden and Elze, Chom. 
Zeit. 1905, 29, 1031 ; Bartolotti, Lc.). 

Myrtle seed oil forms a yellow oi 1 of character- 
istic flavour, is readily soluble in other and 
turpentine, but less so in alcohol. It contains 
glycerides of oleic, linolcic, myristic, and palmitic 
acids (Scusti and Perciabosco, Ga/z. chiin, ital. 
1907, 37, 483). 

MYRTLE WAX {Laurel waj', Bayherry 
tallow) is obtained from the berries of various 
species of Myrica. In jV(jrth America where 
the Myrica shrubs are common along the 
Atlantic sea-coast, the myrtle wax is obtained 
from Myrica cenfera, (Lmn.) and Myrica caro- 
Umufas (Willd.). In SoutJi America, notably in 
New Granada 'and Venc/uela, it is obtained 
from Mynca anjuta (Kiinth), and Myrica mra- 
ca.sMnuL (Hiirnb., Bonpl. (4/ K.), and in South 
Africa (Gape Colony) from Myrica quercifolia 
(Lmn.), Mynca (ordifolta (Linn.), Myrica lacL 
mala (Willd.), and Mynca ^errata (Lain.). In 
Aby.ssuiia, myrtle wax is obtained from AT. 

(Linn.). ^ 

'Phe myrica fruits are of the size of a pea, 
and are coverisd witli a snow-white crust of 
fat, which IS jiermeated with brown or black 
spots. 

Myrtle wax is a glyceride and consists chiefly 
of ])almitin with small quantities only of olein 
(Smith and Wade, Amor. Chem. 3. 1903, 1129). 
'Pile iodine yalue of commercial samph's varies 
between 2 and 4. 

Myrtle wax worked up by itself does not 
yield useful candles ; it can, however, be em- 
ployed 111 the projicrtion of 20-25 p.c. as an 
addition to other candle material. In the U n ited 
States ‘ beeswax ’ candies iiave been made which 
contain a notable amount of myrtle wax. 

• J. L. 

MYTILITOL CgH, 205 , 211 aC- A eyeJoso 
occurring m the valve muscles of Mylilua 
eduhs. Colourh'KS, lustrous crystals, m.p. 259" ; 
optically inactive ; docs not contain a me- 
tlioxyl group. F onus a pcntaaicctatr . , microscopic 
needles, m.p, 157"-158", and a hexa-aceiate, 
m.p, 180"- 181". Mytilitol is probably methyl- 
c//r/o-bexaneliexol (Ackermann, Ber. 1921, 64, 
(B.) 1938; r/. Jansen (Zeitscli. physiol, (fliem. 
1913, 85, 231), who regards it as cyclo hex&m- 
peiitol and an isomeride of quercitol). 


N. 

NAGA RED. An azo dye derived from j lloxible lamolhe with a blackish lead-grey colour 
benzidenc, used as a trypanocide in the treatment and bright metallic lustre. Hence the popular 
of nagana. names ‘ black tellurium’ and ‘foliated tellurium’ 

NAGYAGITE. Asulpho-tellurideof goldand (Ger. Blattertellur). There is a perfect cleavage 
lead crystallised in the orthorhombic system, parallel to the surface of the plates. Sp.gr. 
It contains Te lo’ll- 3()’52, S 8*07~10'7(i, Sb 6-85-7-46; H. 1-1 *5, being soft enough to make 
0-7*39, Pb 50-78-60*83, Au 5-84-12*75 p.c., with a lead-grey mark on paper. The mineral was 
sometimes small amounts of silver, iron, and formerly found in some abundance, with native 
selenium. The formula is uncertain, and has gold, blende, and rhodonite, at Nagyag in Tran* 
been variously given as (Pb,Au) 2 (Te,Sb,S) 3 , sylvama, and less commonly with antimonial 
AujPbuSbaTe^Si,, and AuPb^Te^S^ It forms ores at Offenbauya also in Transylvania. It 
tabular crystals and foliated masses of thin has been reported from Colorado with other 
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gold telluricles, and from Tararu Creek in New 
Zealand. L J. S. 

NAPELLINE. A name ap])lied by Hubsch- 
mann to what was j)robably a niivturo »)f 
amorphous alkaloids from A(omimn Naprllit.s 
(Linn.). Scf Aconite and the Aconii'E 
ALKALOIDJf. 

NAPHTHA. 'J'hia term was originally ap- 
plied to a number of volatile, more or less 
mobile, inflam mabh; liquids, usually ethers ob- 
tained by distillation, rjj. Ndjt/ilha vitnoh 
(ethyl ether), N ndn (nitn’us (*ther). A’. acAt 
(acetie ether). 'Fhe te rm was subsequently re- 
strieteil to the naturally occurring lapud L_\dro- 
earbons, but was afterwards exleudc'd to otluT 
hydrocarbons obtaiiu'd by flu' destructive distil- 
lation of shale, coal, bone, tvc. 

An artilicial najihtha of a eomjio.sition similar 
to the natural variety may be obtained, in small 
quantity, by jiassing a mixture (tf hydrogen and 
neetyleno over nickel at .‘lOd' ((-'haritschkoll, J. 
Russ. Idiys. ('hem. IDOti, .‘18, 878). 'J’lie clKunical 
eharaeters of the naturally occurring na])lithas 
differ widely, especially in the amount of the 
aromatic hydrocarbons they contain and in the 
nature of their paraltins and olefines. 'I hey are 
also charaeterised by yiriations in their ojitical 
])roperties The origin of naturally oi'curring 
iiaphtlias has given rise to much discussion, but 
all the available geological data testify tliat 
original di'jiosits of nuplitlia occur only' where 
there has been life. Sujqiort to tlie theory of 
organic origin is also givmi by the investigations 
of geologists and biologists on tlie destruction of 
life on the shores of seas and oceans such as is 
occurring at the jiresent time in th(‘ Black Sea 

(Ipatieff, J. Russ. Piiys (!hem. Six; l!)il, 4:1, 

J4H7). According to Charitselikofl the natural 
naphthas are derived from the decomposition of 
asphalt, itself formed by tlm ])olymerisation of 
unsaturated hydrocarbons formed from eai hides 
as surmised by Alendeleefl, Berthelot, and Cloez. 
The decomposition products of distilhal Russian 
asphalt art' similar to many Russian mineral 
oiL ( Chari tschkotf). 

II 11 II H 

NAPHTHACENE V ^ 1 ^ 1 ^ is 

H H 11 11 

obtained by the disti^ation of dihydroxy- 
naphthacene quinone (i.soetliine diphthalide) 
with zinc-dust (Gabriel and Leiipold, Rer. 18U8, 
31, 1272 ; Fy. Rat. 320327, 1002 ; J. Soc. Chem 
Ind. 1903, 22). 


naphthaeene quinone with hydrogen iodide and 
]»hosphorus (Gabriel and Loupold, Lc.), It 
forms flat needles, m.j). 200° 207^ b.p. about 
4(K)". It gives a green solution in sulphuric amd 
with evolution of suljihur dioxide ; is sparingly 
soluble in boding alcohol, but more readily so 
in benzene, glacial acetic acid, and otlier organic 
solvents. It is oxidi.sed by chromic acid, form- 
ing nnplitliacenequiiuuic, whilst with coneeii- 
trated nitric acid it yields a iiitronaplithaecne- 
(jiiinone. 

NAPHTHACENEQUINONE r. Quinones. 
NAPHTHALENE ( ioHg.' 

lltfiiorjf. — 'I'he production of najibthalene in 
tlie manufaeturt! of coal-gas seems to have been 
noticed first by ('legg {<\f. Braude, Quart. Journ. 
Sei. 1820, 8, 287) ; the discovery of its presence 
111 coal-tar, liowtiver, was made sinuiltaiieously 
in 1810 by Garden (Annals Rliil. 1820, 15. 74) 
and Rrande {l.r ), tlu' latter regarding it as a 
bydroearhon (rf, 'J'homson, Hehweig. d. 47, 337). 
It w'as further examined by Kidd, wlio named 
it ‘ najilitlialiiK' ’ (Pliil. 'ITaiis, 1821, 200), by Ure 
(Phil 'I'raiis. 1822, 473), and by ('hamberlaiii 
(Annals Phil. 1823, jii.J 0, 135); but its eom- 
position was <leti'rmiiie(l hrst by Faraday im the 
course of his iii\ estigatioii of its isomeric 
monoMilphoiiie acids (Phil Trans. 182(1, 150) and 
later by Launiit (Aniuiieii, 1832, 3, 11). A 
bibliograpliy of the early lustoiy ot the subject 
IS given m Gmeliit (Kng. ed. 14, I). 

Fon/idlion did/ .soara.s.-- Na])lithalene is 
almitst iiuanably a eoiisiitiient ol tlu jiroducts 
obtained when oiganic. suhstunees uie heated at 
a comparatively high tem]>eratur('. Por (‘xanifile, 
it IS lormed m small (pianlit}^ with other 
aiomatie liy<lroearbons, wlieii marsh gas or 
aeetyh'iie (Berthelot, Bull Soe. eliiin. 1807, [u ) 
7, 300), or the vapour of alcohol acetic acid 
(Berthelot, Ann. ('him Phys. 1851, [in j 33, 205), 
toluene, xylene, or cumene, or of a mixture 
of bi'ii'/eiie, .styrene or nrithraei'iie wuth I'thyleiio 
(Bi'ithelot, ('ompt. rend. (800, 03, 700, 834; 

^ Tlie lollovMiig abbreviations are enpiloved tor the 
nanie.s ol firiiis to wlucli Irequeut referenee is made in 
tlie text oi this artieh' : - 

Aktienges. , Aktienge.seIlschHft fur Anilinfabrikation 
in Heriin 

I Badlsebo . Itadiseiu; Aiiilin- und Soda-Fabrik in Lud- 
wigsbafi'ii a Kli. 

Bayer . Farbenfaiinkcn \orrn. F. Bayer & Co. in 
Flberteld. 

Bindseh. . Busier eheniiselier Fulirik, vorin. Ikusler 
‘ elieiii Fabnk Bnid.seliedler in Basi'l. 
Bionni'r . Farbfabrik vorm. Jtruimer in Frankfurt 
a M 

t'assoila . Aniiinfarbeulalirik von L. Cassella & Co 
' III Frankfurt a M. 

Daiil . Dahl iV, Co. in Barint n. 


It forms orange-yellow to red-yellow leaflets, Geigy 
m.p. about 335°, which sublime forming a ' 
greenish-yellow vapour. It gives a green solu- - • 

tion with sulphuric acid, and is insoluble in Urie.sheim 
^nzene. When treated with fuming nitric acid , 
it yields naphthacenequinoiie. 


hHv«m 


Dihydrovaphihacene 


. Aiuliiilariieu- iiiid J-ixtuikt-Fabriken vorm . 
.1. R. (Jeigy in Itasel 

. Cesellsehaft fur elieinisehe Industrie in 
Biusel 

. Clieinlm’lie Fabrik (iriesheim-Elektron 
in Frankfurt a. M. 

. Cliemisclie Falirik von Heydeii, Aktienge- 
sellseliaft in Biuiebenl liei Dresden. 

. Farlav erke vorm. Meister, Lucius'& Briin- 
ing in Hochst a. M. 

. Kalle iVr Co., Aktiongesellsciiatt In 
Biebrieh a Kh 

. Clieniiselie Fabrik GrUnau, Landsliotf 
and Meyer 

. Farbwerk MiUiieini vorm. A. Leonhardt 
& Co. in Mtillieiin bei Frankfurt. 


is forratni by the distillation of naphthaeene or 
of dihydroxynaphthacene quinone over zinc- 
dust; or by heating dihydroxy- or dichloro- i 


Sandoz . Cliemisclie Fabrik vorm. Sandoz in Basel. 
ScboUkopl . Schollkopf Aniline and Chemical Co., 
Buffalo (U.S.A.). 

Verein , Vereln chemlsoher Fabrlken lu Mann- 
heim, 
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BuU. Soc. chim. 1806, fii.] 6, 208 ; 1867, fii.] 7, 
218, 278, 285), is passed through a porcelain tube 
filled with pumice and heated to redness. It 
is present in small quantity in oil gas tar (Arm- 
strong and Miller, Chem. Soc. Trans. 1880, 40, 
80), and is produced when the vapour of toluene, 
or ethylbenzene, or of a mixture of toluene and 
ethylene is passed through a red-hot tube 
(Ferko, Ber. 1887, 20, 060) Berthelot’s results 
have not been confirmed in every instance by 
later investigators {rf. (iraebe, Ber. 1874, 7, 49 ; 
Lorenz, ibid. 1097 ; Carnelley, Chem. Soc. 
Trans. 1880, 37, 705; F(‘rk<>, /.r.), but this 

lack of conlirmation may have l>een due to a 
difference in the conditions ein^doyial. Naph- 
thalene is a constituent of brown coal-tar 
(Heu.slor, Ber. 1897, 30, 2744); also of the tar 
produced when tuiqiiMitine vapour is h'd through 
a red-hot iron tube (Schultz, B(‘r. 1877, 10, 116), 
and is formed when eolofiliony or gum benzoin 
IS distilled with zinc-dust (Ciaiuieian, Ber. 1878, 
11, 269). 

With the oliject, pnmanly, of obtaining 
benzene, toluene, and anthuieene, petrolmim 
residiK's and the high- boiling oils ol wood tar 
and brown coal tar have been passisi, us in 
Bcrthelot's e.\perinients, tbiough red-bot tubes 
filled with ebareoul, ])umice, tVe. The tars 
formed under these eondiiions fioin tlu^ tesidni's 
ol Baku jadroleum (la tny, Ber. 1878, 11, 1210, 
Dnigl. poly. J. 1878, 229, 355; Lissi'iiko, B(‘i. 
1878, 11, .342; Biidm'w, Dingl. imly. d. J8SI, 
239, 72), and from the bigh-boiling oils of brown i 
coal tar (Liebermann and Burg, Ber. 1878, II, 
723 ; tSalzmaim and Wichclliaus, ibnl. 1431), 
and pinewood tar (Atterlx-rg, ihtd. 1222) contain 
considciable quantities of najihthalene, and in 
general resemble coal tar. From a study of the ' 
equilibria among aromatic hydrocarbons jiro- 
dueed by ‘ cracking ’ fietioleum, the eonelusiori 
has been diawn that iiaidithulime begins to be 
formed at about the ])omt wlicre the, tolmmc- ■ 
xylene content passes its maximum (Itittmann 
and Twomey, J. Ind. Fug. Chem. 191(i, 8, 20), 
the temperature at wliieli it madi; its ajqicar- 
anee being 750 ' in the ease of a ‘ gas fil ’ obtained 
in refining crude Bennsyivunjan potroleuin 
(Fgloff and Twomey, d. Idiysical Chem. 4916, 
20, 145). 

Naphthalene is a constituent ol the jirmeipal 
vaneties of tar produced from coal in the 
manufacture of gas and coke under ^rrdinary 
conditions, but nut ol low temperature tar. By 
thermal decomposition of a tar obtained by 
distillation of coal in vacu6 at 450", it has been 
shown that at 750' the higher olefines, which 
are at a maximum at 550". virtually disappear, 
and that their disappearance synchronises with 
the appearance of naphthalene in the distillate 
(Jones, d. Soc. Chem Ind, 1917* 36, 5). Naph- 
thalene is akso present in coal gas, although the 
amount is kept as small as po.ssible, to avoid 
blocking of the service [lijies during cold weather 
{cf. Smith, J Soc. Chem. Jnd., 1889, 8, 949; 
Young, ibid. 1899, 18, 1109; 19(X), 19, 813; 
Irwin, ibtd. 314; also, art. Cas, Coal). The 
proportion in gas tar varies considerably with 
the dififerent kinds of coal employed (rf. Smith, 
J. Soc. Chem. Ind 1889, 8, 951), and is greater 
the higher the temperature used during car- 
bonisation (Smith, ibtd. 1884, 3, 64), amounting 
usually to 4-6 p.c. (iTu’d. 1890, 9, 446), but in 


I sojttie cases to as much os 10 p.^. (Lewis, J. Has 
I Tdghtmg, 1886, 47, 1248). In coke-oven tars, 

I the proiiortion of naphthalene, as of other 
I aromatic Iiydrocarbons, depends on the tyjic of 
, oven used (r/. Smith, J. Soc. Chem. Ind. 1883, 2, 

I 401). With closed ovens, the tars do not difter 
' greatly from gas tar, thus Watson Smith found 
' from 1 to 10T7 p.c. in tars from Simon-Carv^s 
ovens working with different kinds of coal 
(J. Soe. (diem. liid. 1883. 2, 500 : 1884, 3, 104, 
508; J. Iron and Steel Inst 1885, 103), and 
‘ an equal amount tfl that eoritained in gas tar ’ 
ill the tar from an Otto oven (J, Soit. f diem. Ind. 
1884, 3, 508; rf. Knublauch, Dmgl. poly. J. 
1884, 254, 37 ; Lunge, ,1. Soc. Chem. ind. 1887, 
6, 583). Blast-furnace tar contains only a very 
.small })ro])ortioii of naphtlialmie (Smith, J Soc. 
(diom, Ind. 1883, 2, 195). 

Synthetical im thods of prc])anng naphthal- 
ciK' have been •described by Aronlicmi (Bor. 
1873, (i, 67), Wrcdeii and Ziiaiowiez (Ber. 1876, 
9, 1()0()), and Baoycr and IVrkin (Bor. 1884, 17, 
448). Aecording ito Bradli'V and Jacobs, it can 
be obtained by beating barium carbide with 
barium liydroxiile at S(H> -1000" (0. K.-B. 
125936; Fug. B. 2(»061 ol 1898). 

I.solnlion and punjiration (Bunge, Coal Tar 
and Ammonia, 5tii ed. *1916, 825 d stq .), — 
Napbtbaleiu' occurs in the coal tar fraction 
Ixuling at 180 ' 250 ', and is present, therefore, 
in the ' light oil ' (b.p. llO 210 ), and ‘ ereosote 
oil' (b.p. 240'’-270 '), but most abundantly m 
the ‘earbohe oil’ (b.p. 210 -240' ) of the tar 
distiller. From the- carbolic oil the crude hydro- 
carbon cry.stalliseH out to a large (sxtent on cool- 
ing, and can be freed from the accompanying 
oil by draining and subse(]uent hot-pressing. It 
is then stirred for .some time witli hot caustic 
.soda solution of convenient strength to remove 
jdietiolic con.stituents ; and, after the alkahno 
liquor has been run off, is washed with hot 
wat<T. Next, it is heated for about an hour 
With 5 10 pc. of concentrated sulphuric acid 
(sp gr. J -7- I -81) ^ at about 11)0 '5 to remove both 
liasic substances and n'sidual ])hcnols as soluble 
sulphonic acids. It is then washed several 
turn's with hot wafer, aftcrwairds with weak 
alkali, and again with hot waU'i', and finally is 
either subJinied or preferably distilled, pure 
naphthalene being collected between 210° and 
230", or so long as a sample solidifies on cooling, 
and gives only a faintly-coloured solution when 
dissolved in hot sulphuric acid. 

The use of sulphuric acid may be avoided by 
blowing air, as finely divided as possible, into 
crude iiaphthalmn; heated at 200" during 10 
hours. From 10 to 15 p.c. of the molt volatilises 
and, condensed, can lx; added to the next batch. 
The impuntie.s, resimficd and rendered non- 
volatile, remain behind when the purified 
naphthalene is se[)arated by distillation and 
may be u.si'd as fuel (fles. fur Teerverwert. 
D. K.-B. 277110). 

J^urified luiphthalono is usually 
found in commerce m white crystalline masses 
or thin scales. It crystallises from alcohol in 
scales or monoehnic jinsms (Broth, Ber. 1870, 

’ 3, 453), melts at 80", solidifies at 79’6°~79'8® 

; 1 To obtain naplilhiilene wlilcfi will remain per- 

I raaneiitly white an oxnlisinR agent -for example, about 
' 5 p.c. of llnely ground pyroluslte, or Weldon-mud — 
may be used with the acid (Lunge, Ber. 1881, 14, 1760). 
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(Weger, Z. angewr. Chem. 1909, 22, 341), and 
boils at 217*6® at 750*5 mm., or 218*5® at 
707*6 mm. (Crafts, Bull. Soc. chim. 1883, [ii.] 39, 
282) Its sp.gr. iH M517 at 18*75" (Vohl, J. 
pr. Cheiri. 1867, 102, 30), or 0*9774 in the liquid 
state at 79*2® (Kopp, AntiaJeii, 1855, 95, 335 ; r/. 
Schilf, ibid. 1884, 223, 261), Naphthalene has a 
eharaeteristie, penetrating, tarry odour, a 
pungent taste, and burns with a very smoky 
name. It is <jnly sparingly aoluhle in light petro- 
leum, but very soluble in lu'n/ene or other, and 
miscible in afl projxirtions'with hot tolueiK^ or 
absolute alcohol, liechi iound that 100 parts 
of toluene dissolve 31*91 jiarts of na})hthaleno 
at l(t*5‘', and 100 j)arts of absolute alcohol 
dissolve' 5*29 ])aits at 15" (Her. 1879, 12, 1978), 
and Smith that 100 jiaits ol b('n/eiu', tohume, 
‘xylene,' and ‘ eiimene ’ dissolve 45*8, 32*0, 
31*5, and 30*1 jtart.s of naphthalene respectively 
at 15“ (J, Soe. ('hem. Jnd. i90t», 21, 1225). In 
tetralm, it dissolves in all projiortions at 30“, 
but the solubility fails to 1 m 10 at 10' and at 
6® is negligible (Kutscheinx'uter, 1). K.-l’. 

317364). Na])hthai('ne volatilises at tenijiera- 
turi'.s considerably below its boilmg-pomt, and 
is readily volatile with steam, alcohol vapour, 
or the vapour of tars oi low boiling-])oint. Ac- 
cording to Nnumann (*Hi'r. 1877, 10, 2016; 1878, j 
11, 33), when steam is jtassed into it, naphthal- 
ene distils With water in tlie following ratios. — 


baronii'tor 

(cur.) 


juin 

759*5 

757*0 

733*0 


Teinpcia- ' 
tare ol j 
liiiind I 

97*8" ! 

97*7“ ! 

I 


'f'ciupcia- j 
tun ot ; 
vapour I 


99*2“ 
99*1 ' 
98 2" 


Jtatio of 
naphtliah'ne 
t.o wat(*r 
in dlsOllato 


100:520 
100 : 570 
100 : 555 


Jlis values for the vajiour piessiiro <»f naphthal- 
ene, v\i. 2 mrn. at 15®, 9 mm, at 7S“, and 20*5 mm. 
at lOO", are liighor than those oi Barker-- 
0*064 mm. at 20®, 7*4 mm, at 80", and 18*5 mm. 
at UHC (Z. physikal. (’hem. 1910,71, 235). 

hVnc/nnns',-- Hure naphthalene in acetic acid 
solution IS readily hydrogenated at 20" in the 
jiroseiiee of jilatinurn black, ^ yielding the 
decahydride ( Willstatter ami Halt, Ber. 1912, 
45, 1474). Hydrogenated, with nnki'l a.s the 
catalyst, it furmslics UtridnidroMtjddkUeM 
(tetralm) and the dten/iyt/i n/e (e. art. Tk'ihvun). 
When hcati'd with amorphous phosphorus and 
hydriodie acid, it yiehls a tdra-, Iiuyi-, orlo-, or ) 
decfi- hydride {cf. Oraebe and (luye, Ber. 1883, i 
16, 3028); with sodium and ethjl alcohol a I 
dihydrtde (Bamberger and Lodter, Annalen, j 
1895, 288, 75) ; and with sodium and amyl 
alcohol a tetrahydnde (Bamberger and Kitsehelt, 
Ber. 1890, 23, 1561). 

On oxidation with potassium pennanganato 
in aqueous solution (3’scherniae, J4. R.-P. 

79693 ; Prochazka, Ber, 1897, 30, 3109 ; Graebc 
and '.rnirapy, Ber. 1898, 31, 369; l)aly, J. 
Physical Chem. 1907, 11, 93) oi;, better, with 
jiotassium manganate (Tseherniac 1). R.-P. 

' Aoi'ordiiig to Willstatter and llatt {I c . ; cf. 
Willstfittvr aud King, tier 1913, 40, 534), tlie purest 
commercial naphtluUcne may coutuiii as much as 
0 25 p.c. of sulplnir, whicli inhibits the action of the j 
catalyst but may be removed by repeated crystallisation 
from alcohol. I 


86914) naphthalene is converted into phtJialonic 
acid with only a small proportion of phthalic 
acid {rf. Losseii, Annalen, 1867, 144, 71), but 
with aeidilied permanganate mto phtfudic acid 
(Tseherniac, l.c.) With nitric acid (sp.gr. 1*16) 
at 130", phthahe acid is the product (Beilstein 
and Kurbatow, Aimalon, 1880, 202, 215; cf. 
Boswell, J. Physical (Jhem. 1907, 11, 129) ; and 
with chromic acid mixture, phthalic acid (Losseii, 
l.c.) m 32 p.c, yield (Heller, Ber. 1912, 45, 674, 
footnote) ; hut with chromic acid in acetic acid 
solution, [a~\n,ti {dilhwiKinonc (Groves, Chem. Soc. 
J. 1873, 2(), 209) and jdithalic acid (Beilstein and 
Kurbatow^ / c.) are obtained. Oxidation in acid 
solution with ceric salts (Koehst, i). R.-P. 
J 58609) or electrolytic ovulation (dc Bottens, 
Zeitseh. Klcctrovhem. 1902, 8, 673) in presence 
of cerous salts (Hochst, I). R.-P. 152063 ; Eng. P. 
19178 ol 15H)2) also converts it into [al-7ir/p/d/i(i- 
quimiw and pfithalic acid. It is oxidised also, 
when heati'd with 15 times its weight of 100 
p.c. sulphuric acid (moimhydrate) and half its 
weight of mercuric sulfihate at 200", yielding 
phihalic acid m large amount, mixed wuth some 
'iulphoyhthidic acid (Badisehe, D, R.-P. 91202; 
Eng. P. 18221 of 1896). Phthalic acid is also 
one of the jiroducts wlien its vapour is oxidised 
by air at 350"- 500" in the presence of a catalyst 
such as vanadic oxide or vanadvl chloride 
(Seldeii (Jo. and Gibbs, Brit. P. 1195J8; Wohl, 
Bnt. P. 145701 ; Hritisli Dycstiifts (Jorpn., 
Green and Porter, Bnt P. 164785). 

With chlorine, vaplithah iu- dicJdoi uh (Eisclier, 
Ber 1878, 11, 735, 1411), and fctracfdorida {g.v.) 
art' fornunl, w'hieh, by elimination of hydrogen 
chloride are converted into mono- aud di- 
ohloroiiaphthaleiies (Eaust aud ISaame, Annalen, 
1871, 160, 66; Ixrallt and Becker, Iter. 1876, 
9, 1088; Widmann, Ber. 1882, 15, 2162; 
Armstrong and Wynne, (’hem. Soe. Hroc. 1890, 
6, 85). With bromine, it forms a tctrabromidc, 
but only at low temjieraturi's (Urndorff and 
Moyer, Arix'r. Ghem J. 1897, 19, 262), and under 
ordinary conditions gives rise to substitution 
derivatives (Laurent, Ann. Ghim. Phys. 1835, 
111.) 59, -19; Glaser, Annalen, 1865, 135, 40; 
Guareschi, Annalen, 1884, 222, 265 ; Armstrong 
and iWyniJO, l.c.) 

Efiming nitric acid, or a mixture of nitric 
and sulphuric acids, converts naphthalene into 
iiKnu}-, di-, tri-, or U tru-mtro- derivatives ; with 
sulphurjc acid, according to the quantity, 
gonccnlration, or temperature employed, mono-, 
di-, in-, or Mia-suiphomc acidu are formed. 

\ll’hen its vapour is passed through a red-hot 
iron tubes naphtlialcne yields about 15 p.c. of 
P^-dimphthyl, and, when mixed with ethylene, 
gives in adchtion a very small quantity of ace- 
na])hthenc and phenanthrene (Ferko, Ber. 1887, 
20, 662). Euskm with sodaniide and phenol at 
160"-220'‘^ converts it mto a mixture of a-mph- 
(lu/lamiur and 1 : 5-diaminonaphthalene (Sachs, 
Ber. 1<H)6, 39, 3023). 

3h>hcular compounds. — Naphthalene com- 
bines with trinitro-derivatives of benzene (Hepp, 
Annalen, 1882, 215, 380), toluene (Hepp, /.c.), 
anihne (Liebermann and Palm, Ber. 1875, 8, 377), 
phenol (Henriques, Annalen, 1882, 215, 332), or 
cresol (Noelting, Ber. 1882, 16, 1862 ; 1884, 17, 
271), giving rise to crystalline molecular com- 
pounds of varying stability. Of those, the com- 
pound with picric acid, CioH8+C,Hj(NO,)**OH, 
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golden-yellow needles, m.p. 149°, dissolves in 
alcohol, other, or benzene without decomposition 
and finds employment in methods ior the esti- 
mation of the hydrocarbon (Fritzscho, Jahrosb. 
Chein. 1857, 456) ; the compound with .s-trinitro- 
benzeno, CjoHg-l-C^HafNOj),, forms pale yellow 
needles, m.p. 152 ‘6° (Sudborough, (;hem. Soc. 
Trans. 1916, 109, 1344). 

TesU . — Commercial naphthalene should melt 
at 79“,^ boil at 217°-218“ at 760 mm., volatilise 
without leaving a residue, and be white and free 
from phenols or quinoline bases. W htai heated 
with concentrated sulphurie acid at J7()"”200° 
it should at most colour the acid grey (Witt, 
Chem. Ind. 1887, 10, 216), or faintly pur[»le, and 
when left in contact with nitric acid (sp.gr. J *42) 
should remain white for at h'ast half an hour 
(Lunge, {^oal Tar and Aninionia, lx.). 

The jirosenco of phenols can be didecded by 
boiling the sample with dilute caustK^ soda 
solution, cooling, filtering, and adding fo the 
filtrate bromine vater and liydrochlonc acid, 
when any phenols ])iesent will be jinripilated 
in thoJorm ot broniinatcd oonijioumls. Quino- 
line bases are didcclcd by dissolving the samiile 
in warm concentrated sulpliuric acid, ])ounng 
the solution into watci, liltering, rendering the 
filtrate alkaline and distilling, when any quino- 
line bases pri'scnt will pass o\cr with the steam, 
and be recognesed by their cliaracti'nslic odour 
(Lunge, l.c,). 

Ksi'maUou. — The projiortiori of najihthalene 
in commercial saiiijiles can be determined iii 
many cases by sublimation. According to 
Kuster (Bcr. 1894, 27, 1101) an acidirnefrio 
method, based on the formation of the insoluble 
picrate, can be used for di'tcrmining naphthalene. 
In this process, a saturated solution ol jiicric 
acid is omjiloyed, the excess of which is alter- 
wards found by titration ^vlth standard baryta, 
using laemoid as indicator ; but as acenaphtlicne, 
chrysene and the naphthols also form insoluble 
compounds with jacrii; acid, the method is 
valueless if they are present in the samjile. In 
modified forms Kiister's method has been em- 
ployed for estimating the amount of uajihthalene 
in coal gas (c/. inter aha Colnian and Smith, 
J. 8oc, Chem. Ind. 1900, 19, 128; Qhxn, %bid. 
1905, 24, 1279; 1907, 26, 1263; CoJman, G'as J. 
1918, 144, 231). 

Uses . — Until the discovery of the eosins 
about 1874, and of the azo- dyes alioi^ 1876, 
naphthalene was a waste product heing eitheik 
employed as a fuel, or burned for soot. Even 
now, production is in excess of tlie demu,nd, 
although a consideralile proportion of the out- 
put is utilised in the manufacture of })lithalic 
acid, naphthylamines, naphthols and other 
important intermediates of the dyestuff in- 
dustry • 

To a limited extent it finds employment as 
a disinfectant and insecticide, and in the enrich- 
ment of gaseous fuels, but its use as a carburettor 
for coal gas in the albo-carbon burner has been 
abandoned as a consequence of the introduction 
of incandescent lighting (r/. inter aha Livesey 
and Kidd, i). JR.-P. 2075 ; Eng, P. 244 of 1878 ; 
Kidd and Vale, Eng. P, 2135 of 1880; Vale, 
D. R.-P. 32255 ; Lunge, l.c.). Attempts made 

^ In practice, the temperature at which tiie sample 
solidifies is preferred to the meltlng-iioint, tlie deter- 
mination, l! made in Shukoff's apparatus, being 
accurate to 0*1® (Chem‘. Zelt. 1901, 25, 1111). 


to, convert it into liquid hfrdrocarbons for 
illuminating or lubricating purposes by alkyla- 
tion, by hydrogenation under pressure, or by 
heating with aluminium olilor'de under pressure, 
have led only to unpromising results (cf. Fischer, 

I Seluicider, Hilpert, and Niggomann, (;!hem. 

' Zentr. 1919, ii, 584) By its ready Ciuiversion 
j into tctrahydronaphthaleno {tetrulin), however, 
a iK'w opening has been found for it in the pro- 
; duction of an oil which can be used as an illumin- 
; ant, motor fuel, solvent or source of dyestuffs 
(v. art. Tktiialin). • Certain synthetic tanning 
materials syntans ’), produced from naphthal- 
ene to meet the .shortage of natural tannins, 

, have also the* piopi'rty m some cases of rondor- 
iiig soluble the insoluble part of the natural 
tanning agents. 

Constitution oi' Naphthalkni': and Naph- 

THALENK 1 )KTUVATIVES, 

'File naphthalene comjiouuds of greatest 
technical importance in connexion with the 
manufaelurc, of azo- dyes are the naphthyl- 
amines, naphthols, amuionaphthols, and the 
derived isomeric sulphonic acids. 'ITieso sub- 
stances are by no means (‘(jually valuable as 
sourci's of dyes ; some, Ifor example, do not 
couple W'ltli diazotised bases, or form only 
aminoazo- eoni]»oundH, others yield azo- dyes 
wliKib are not last to soap, or aie valueless on 
account of their shade, insolubility or instability, “ 
and only a eomiiaratively small number form 
azo- dyes w'hich answer all the requirements of 
the dyer so lar as lastiiess, tinctorial power, and 
delicacy of shade are concerned. A knowledge 
of the constitution of the naphthalene deriva- 
tives employed in the colour industry is thus 
of much importance, and it may be ol interest 
to note that Patent sjiocitications not infre- 
quently contain the evidence on which consti- 
tutional formuho ado[)ied in this article have 
been assigned. 

Co'/iAtilution of wiphihulene . — The Erlen- 
meyer-Cracbe lormula for naphthalene, jiroposed 
by Erlenimiycr (Annalen, 1865, 137, 346 (foot- 
note)), but tirst made jirobable on the basis of 
oxjiermienlal evidenco by (Iraobe (Annalen, 
18<i9, 149, 22), represents the molecule as com- 
posed of two six- mem beared rings having two 
carbon atoms in common. 'This arrangement is 
shown in formula 1, with which, formula It, or, 
conventionally, when the object is merely to 

* For the preparation of tiiese inateriaJs, formalde- 
hyde is condensed with naiiiitliulenenioniisulplionleacids 
(». p. 422), or witli a- or p-naphthylaininesulphonlc 
ai'ids (In-iitsch-Kol (ierb- u Farbstoff-Ges., 1), R.-F. 
293041, 293040, 294825, 31.5871 , Kurund and Huguenin, 
Brit. P. 138790) or with a- or ^J-napIitholsulplionlc acids 
(Deutsch-Kol Gerb- u Faibstolf-tTea , D. R -P, 293042, 
293093, 305795, 300132; liadische, J). R.-P. 291467). 
Those from the naphthols give colour reactions with 
ferrli- chlorulc and couple with diazotised bastss. 

* For example . each of tlie. following acids (2 inola.) 
coupled with diazotised benzidine (tctrazodiphenyl) 
gives worthles.s azo-dyes ol the shades indicated : — 

(а) p-Naphthylarumesulphonic acids : 5-[>-]acld, 

sparingly soluble orange-j(‘Jlow ; 6-[^-Iacid, insoluble 
reddish-hrovvn ; 7-fA- or F-]acld, red ehanglug to brown 
by action ot atmospheric carbon dioxide ; 8-[a-J none, 
hut a yellow diazonrnino- compound ; 

(б) jS-Nuphtlivlaniinedlsnlphoulc acids ; 3:6- 

ammo-R-lacid, red of little tinctorial power ; 6:8- 
•y- or amino-G-1 acid, yellow and fugitive. 

On the other hand, /3-naphthylamlne-3 : 7-disul- 

E honlc acid gives a red dye, remarkably fast towards 
gbt and adds (Gassella, D. R.-P. 46711). 
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show the relatiro position of substituents in,i 
molecule, formula III is equivalent — 


HC C 

CH 

/ - ' 

/ 

1 • 1! 

H(J C 

1 

im 

/■ 

r II 1 

1 1 

11 H 

1 


11 

HI 


sav(! the Ifjbour of writing the symbol 
each tinu> it is dcsin'd to iiuliciilt' the orientation 
of a siilistit iient, seviTJiJ methods for distinguish- 
ing tin* jioHitioiis liave liei'ii devisi'd, of which 
thr(‘e are shown in tlie symlioJs l\-\ I . - 


isolated, but as, by well-known reactions, it is 
not difficult in most cases to connect a naphthal- 
ene derivative under investigation with one of 
the chloroiiajihthalenes, this group of substances 
serves as a standard to which the orientation of 
other di- and tri- derivatives is referred. 

In the tables whiidi follow, the melting- 
points and crystalline a])pcaranco of the dichluro- 
and triohloro-naphthalenos are given, but as 
these may not in i^very case be sufficient for 
cliaraeterisatioii, the respective sulphonic acids 
(each of wdiich furnishes a chloride and amide 
of delimti' meltmg-jioint) can be utilised to 
render ideiitdication coinpk'ti', 

J) I c h lo I (> n a p Ji th a I c n c 



Of these the last (VI), originally proposed by 
(iraebe in and adojiteil by the (leiieva 

(kmgross on Nomenelat iinMii J8‘J2 {('hem. New's, 
00, 280), IS tlie only one now’ in use. 

With one e\(!eptTon (Wreden. Hei. 1870, 0, 
OnO) all tlu' formulje jirojiosed for naplithalone ^ 
show two si\-meml)eied nngs m the saiiu' plane,- 
but differ Irom one another, and iroin tlio 
Erlenmeyi'i' ( Iraebe syinb(»l, in the inode of 
distribution of th(' fouitb valency <‘t eaeb earbon 
atom, on wlneii tfu' nnsatnration of th<“ moleenle, 
and the properties distinguishing najdithalene 
eomjionnds from tliose ot lien’/ene probably 
depend. 'I'lu'se six-niemhen'd rings have been 
termed benzene or benzmioid iings, but under a 
misappiehension : lU'ither ring lias the jirujier- 
tles of benzene until tlie unsaturation of the 


other has been destroyed. 

The di'termination of the relative positions 
of Hubstitiii'iits in the moleeiih* depends, asm the 
ease of b('nz('ne, on eonsiderations ari.siiig out of 
the formula itselt. Provided the sub.stituents 


are all alike, the nninhei ot mono-, di-, and tri- 
dcrivatives ol. naphthak'ue, dediicible from tlu‘ 
Erlcnnieyer-(jlraebe symtiol, is 2, 10, and 14 
respectividy. Investigation of all the sub- 
stanees doseribed in the literature as tlielikwo- 


Trivml I (’unsti- Mcltinij:- i ('Imr.a tcr of crvstid- 
iiaiiie I tutioii ])onit i Ii'-atiou liuiii alcohol 


-- I ^ J’risms. 

1 . -‘I <)1 ' Loll},', Hat, iK'cdlcs 

111 to 5 I.i'Dij:, tint needles, 

ly-j ! l.d 1U7-’ SlioiM, Hat twedk's 

f»i- I I <> 48 J-ony, Hat needles. 

i«- I I 7 ' Hi:.')'’ I Small aKgrejiatA's. 

(t-l I 1 8 ^ Hi*' KlioinlH)lie(lra 

|'-| I i: d II!) a" Tiini, lustrous s(‘aJcs. 

i«-l , 2 (! I JH.V Lonu. Hat ii(‘edles. 

18-] ' 2 7 114 ’ Tlmi liuniUcO. 


T ri ch lot o ti a o h I It a I c it. c s. 


TiiMal t'onsti-l Melting- i Cluiricter ol crvHtal- 
name (iidoiij j»oint i lis ition troju alcohol 


|ft-l I 2 :i 81' dioups of long needles, 

,1 2 ll <)2" I Tult> of Hat ueedlt'S 

— 12 78,')' I Short, Hat- needles. 

— 1 2 (i 112;') ' ' Slender m'edles 

— i 1 2 7 8S ' and 84' ; Mieroseopie needles. 

— 12 8' 8.5 .■» ' liOng slender neetlles. 

fy-] 1 d .') ind" ' hong. Hat needles 
|w-i I d () 80.') ’ I 'J'lifts ot thin needles, 

fn-j I d 7' lid" - Shoit, thin needles. 
f3-] 1 d 8 8H’r> and S.V’i Large, Hat prisms, 

ft5-l I 4..) Idl" , \"('r.v long rieedlea, 

[i-] and If-] J 4.0 ()0" and .'>() ’ JS’eedle.s, hceoming 
' j oi)a(iin' 

— 2-d.Ii' 100^ i Long, tlu n needles. 

2.3:0 HI'’ Minute plates. 


and tiichk)i'o-na])htlialenes has showui that the 
number is ten for the oiui and fourteen for the 
oilier,^ in agn'cment therefore with the numlx'r 
of isbmeridcs predicted from the formula 
(Armstrong niid Wyniu', Phein. Sue. Proe. 18<K), 
(3, 77 ; 181)5, 11, 84). Jn no other senes of tri- 
denvatives have all the possible isoiiierides been 

^ (V. Bertlielot, (’onipt rend 1800, 788, 8:t4 ; 

Wlelieltiaiis, Ber. 1800, 2, 1!)7 ; Wreden (.second lonmila), 
f r ; (’Ians, Ber. 1882, la, 1827 ; JJaiiiherger, Aunalen, 
18HU, 2.')7, 44; Armstrong, ('iiem. Soe Tree. IHDO, 0, 
102; Thkde, Annalen, IHDO, 30(5, 138; Kmx'ven.agel, 
find. 1900,311, I<I4; Hartlev, (diem. Soe 'lYaiis 19(1.). 
87. 1828; Balv and Tuek. ihid 1908 , 03, 100,1; 
M illstlitter and Waser, Ber 1011,41, 3423 ; M illstatter 
and Haft, Ber 1912, 4,1, 118] ; Bamberger. Ber 1913, 
40, 1899; J. .T. Thomson. Phil Mag 1914, fvi | 27, 784 ; 
Weinberg, Ber 1921, ,14, 2170 ; W. H. Bragg, l’h.v’s. Soc. 
Pioe. 1921. 34, 42. 

® KauHt'r (Annajen, 1907, 351. 154) has proposed 
a formula nitli the two rings in ditF(*rent planes. 

® Wlien t))e substituents are not alilie tlie number 
of lBomerid(‘s is greater ; thus the possibility tliat 14 
naphtholsulplioiiic acids, 42 naplitholdisulpluink? acids, 
ana 84 ainiuouaplitholsulplioulc acids may exist is 
dedaoiblf^ from the naphthalene symbol. 


Throughout tins article the constitution of 
a sul)s*,ince is indicated by numerals, except in 
•those eases where the use of a- and fj-, as equiva- 
lent to tlie I- and 2- jiositioiis, is commonly 
I empliiyed, <.</. n-na])hth()l instead of the less 
familiar l-hydroxyna])hthaleiie. When it has 
been iiooes.sarv to use the letters a-, y- . . . 
to di.stinguish isomendes wuthout reference to 
constitution, whether kimwn or unknown, the 
plan adopted *l)y Ladenbiirg ( Handworterbuch, 
art. Nai'htalin) of placing them in brackets 
{r.g. I a-]) lias been follow’cd. 

Substitution in thl Naitithalkne Series. 

A full discussion of the laws of substitution 
ill the naphthalene series, and of the theories 
which hav^e been proposed to account for or 
ex})lam them, lies outside the scope of this 
I article, but a summary of wha't is known or 
' surmised in connexion with the course which 
I substitution follows during nitration and 
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Bulphonation may be attempted iii view of the 
importance of these processes in the manufacture 
of naphthalene derivatives for use in the colour 
industry. 

The existence of two series of mono- substitu- 
tion derivatives in the na})hthaleno series, and 
the fact that substitution tends to occur mainly 
in the a- position have long been reeognised 
For example, by ehlormation, hrominution or 
nitration, nuphthalene yields a-chloro-, a-bromo- 
or a-niiro-naphthaleiie ; 


01 

j 


Br 

/\ ^ 

I i I 


NOa- 


/\/ 

I I I 


whilst, by nitration, tt-ehIorona|)hlhalene yields 
three, a-nitronaphthalene iu'O, nai)hthalene-a- I 
sul]»homc acid three, and naph(halene-/9 ,sul- | 
])h()nic acid ihrfo a-nitro- derivatives. Owing j 
to the very small proportion in which the I 
isomeride is formed, the pr<*s(*nce ot /1-chloro- ! 
and ^-hromo- iiaplilhaleiu' iii the rcs[)cctive 1 
mono- substitution products c-scajicd recognition j 
until eomparatnely recently, and that of fi- i 
nitro- in a-nitro-na[ihThnI('n(' is still a matter of j 
dispute ! 

With sul])huric acid as the agent very j 
dilTerent results are obtaiiu'd. Karaday, who ' 
was the first to study tlic action of sulphun<‘ i 
acid on naplithalene, isolated th(‘ barium salts ' 
of the two nionosulphonic acids. Known now as i 
the a- and /i- acids, and later investigations j 
liave not only confirmed his discovery, but j 
shown that the [] compound increases in | 
amount as the temiieratuie of sulphonation is 
raised until at ItiO ' it constitutes almost the sole 
product. This increase in the amount of thi' 
accom])anied by a corresponding diminution 
in that of the u- acid, is shown eleaily by the 
following numbers, olitamed with many others 
by Euwes in a (|uanlitative study of tlu' mole- 
cular reaction expressed by the equation : — 


In his experiments, monohydrate was the acid j 
used and 8 hours the duration of the heating | 


acid is fixed for any given temperature ; thus 
with JH) p.c., 90 p,c,, and 100 p.o. sulphuric acid 
at 129°, the proportion of a-acid in the product 
was 44*0-44*4 p.c., the recovered naphthalene 
being 32 p.c., 23 ii.c,, and 10 p.c. respectively. 
That equilibrium is attained by the gradual 
replacement ot a-aeid by d-aoid w.i^ made 
evident by shortening the duration of the 
reaction; thus, at 129’, all other eonditioiis 
being unchanged, the melt at the eiul of 35 
minutes contained 79 p.c. of a-acid, but at the 
end of 0 hours only 4i» p.o. 

Jt has long been known that sulphonation is 
a reversible jiroeess, and. in the iiajihthalene 
series that a-sulphonic acids are hydrolysed at 
lower lemperatiires than ^-suljihome acids 
under conditions otherwise comparable. To 
Nocltmg IS due the suggi'stion that na])hthalene, 
regenerated by hydrolysis of its a-sulphonic 
acid at the high»tcmj'cratiin' is at this high 
(('mpcratiirc rcsiiljihonntcd, but in the ft-, not 
the a- jMisitioii (iter. 1875, 8, 1095). This 
explanation, which do<‘s not account for the 
]>rcsencc of /l-.icid in the product formed even 
at so low a Umipcrature as ()‘ ((f. Fierz and 
Weissetibach, llelv. ('him. Acta, 1920, 3, 314) 
or for its progressive incri'asii as the temperature 
uses, si‘ems to hav*e been ac^cpti'd (r/’. Weinberg, 
Her. 1887, 20, 3354; Bender. Bor. I88‘), 22, 
994) until Erdmann pulilished the lirst detailed 
study of an example of sulphoiiatiou (Annalen, 
1893, 275, 192) 

Brielly, Erdmann's lesiilts, which were 
obtained with a-naphthy)aniine, sliowi'tl that : — 

(i.) When heated with 5 tiiiu's its weight of 
95- 9() p e. sulphuric acid at J30\ the base was 
rajiidly converted into tiu' 4-sulphonic acid, 
with a small amount of the 5-siilphonic acid 
and traces of the (l-siilphoiiic acid : 

(ii.) Tlu' jiroducl «it tlic end of 20 minutes 
was soluble in watd*, but contained some 
a-na})bthylumine ; 

(ill.) The amount of naphthylamino increased, 
with simultaneous formation of the 4 : 7- 
disulphoiiic acid, as the heating at 130° was 
jiroloiiged, the 5-sulj)honic acid, and aftii'wards 
the ()-Hul]»lionic acid, becoming the idnef product : 


(Rec. trav. cliiui. 1909, 28, 298) : 




Pit cent. 111 


t° 

Per cen^ | 

of 'udG 1 

jaoduct of 

i Su^hone 
, it(T cent 


rotovered ‘ 

a-aCld j 

B-acitl 

80° 

27*0 

96*4 

3*6 

- 

100° 

20 0 

1 83*2 i 

16*8 

, — 

129° 

10*0 

i 44*4 i 

55*6 

1 

138*5° 

8*6 

1 28*4 

1 71*6 

i (?) 

150° 2 

6*4 

18*3 

i 81^7 

’ 3*2 


According to Euwc«, wdien equilibrium is 
attained, the relative proportion ol a- and ft- 

^ It should be noted that tins decre!i.He in the amount 
of naphthalene recovered ut the higher temperatures 
does not humioidse with Mer/ and Weith’s results 
(r, NapMhateiie-ii-siilphcMi ic acid). 

2 At temperatureH above 100 ", (lisulphoide acid was 
formed, but the .data given do not show to what 
extent, If any, the consequent increase in dilution ol 
the sidpliuric acid influenced the relative proportion 
of a- and /s-monosidphoqfc acids. 



To explain these facts^ Erdmann modified 
Noelting’s view by the aHsumption that the 

4- , 5-, and (i-siilphoiiie acids are produced simul- 
taneously but in widely dilTering amounts. 
'The formation of water by the further sulphona- 
tion of the napbthylamiiic-4-Hulphonic acid 

NHg (:,„n8 8O3TI-I-H2SO4- ('loHslSOaHla + HaO 

disturbs the equilibrium which otherwise would 
he attained, and brings about the hydrolysis 
first of the 4-8ulphoiiic acid, and then of the 

5- 8uIphonic acid. Thus he accounted for the 
increase in the amount of a-naphthylainine ; 
of tho h-sulphoiiK' acid ; and finally of the 
(>-sulphonic acid - the least easily hydrolysed 
of the three acids — in tho product. 

In a re -investigation of the sulphonation of 
)3-naj)hthylaraine, Green and Vakil obtained 
results (Chem. Soc, Trans. 1918, 113, 35; cf. 
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Green, ibid. 1880, 55, 33) which may be Bum- S 

.marised as fohowa * oAAxm o AA attj 

(i.) When ^-naphthylamine was heated II. | Sj , |NH^ 

with 4 times its wojght of 90 p.c. sulphuric acid VV VV® 

at temperatures between 40“ and 120”, and for 8 S 

periods varying between 5 and 2.'5 hours, the c 

product in fmch case contained the four hetero- a, /\ a a a a- 

nuclcal Bulphonic acids. The table gives the ttt SA/ jNHj ^ 8/ V ]NH, SA^NH^ 
relative proportion of these acids in four melts ' (A \/\/*^ ®\/\/S 

selected from among those examined : — \ ^ ^ 



Durnfion 8-;ieid 
in hours : j) c 

.'i-arid « 

!";d 7- 
}H ids 11 c 

40“ 

r> 38 

01 *0 

O’l 

80“ 

5 : 44 

.55-3 0-7 

80“ j 

20 30 

0] -0 

2-4 

120“ ! 

5 20 

410 ‘5 7 ‘5 


(li.) With 00 p.c. siil|ihuric acid the facility 
with which the isomenc acids were hydrolysisl 
could be expn'Hsed thus : 2 : 8>2 : r>^>2 : b and 
2:7. 

(ill.) d'he 8-su!j)lionic acid w^as rc[»laced by 
tlio 5-su]]ihonic acid "in amounts varying from 
about 20 ji.e. with HO ji c. siiljihiiric acid at 80“ 
to about 4.3 fi.c. with t)0 ]).c. acid at 120' duimg 
10 hours, but not the 5- by the H-acid. 

Hoviewing these results tlu'y conclude that 
Bulphonation of /3 naplithylamine takes jdace 
initially and siniultaneoiisly ui the 8- and the 5- 
positaons, tlu' juoportion liemg fixed for any 
particular tcinjicraturc ; furtluu-, that with ri.se 


I (h) The infrequency of sulphonation in 
! contiguous a/?- or positions and the fact 
I that sul[)hoiiic acids in winch tlic SO.,H radicles 
j occupy rclativ(>ly the 1 : 4- or the 1 : 8 jiositions, 
j although obtainable by indirect methods {v p. 

I 421 ) have never been isolated from or detected in 
a sulphonation melt even wdienon general grounds 
tlieir presence might have been anticipated. 

{ 8ulphonation in contiguous positions is 

I knowm to occur only in live cases and in each 
I it IS ctTccted by the aid of 40 p.c, anhydro-acid 
at J<\)ur of the products are the 

na]>hthylamino- and ^-naphiholsulphonic acids 
of the orienialion | R being Nil 2 or OH] ; — 

S 

i^AAj^ sA'^R 

in which the contiguity is found m jiositions, 
and the hftli is an a-naphthasnltamtrisulphonio 
acid. III which it occurs eitlu^r in a or m an 
a A position. 

Lmrs of Suh'-l lint ion in ihc Nn iildhilrne Series, 


of temperature or by ])r()Iongat ion of th(‘ n^action. 
the 8-sulf)hoiiic acid is hydrolysi'd regenerating 
jS-naphthylaminc, which is rcsuliihomited fur- 
nishing a mixture of the 8- and 5- suljdionic 
acids as before, and so on. 

While Erdmann’s view aecounts for the 
phenomena ohser\<‘d in tJie above and in 
similar cases of sulplioriation, being based on 
the assumption that the introduction of a siil- 
phoriic group, like that of other substituents, 
takes place mainly in a- and only to a small 
extent in /?- positions at whatever temperature 
it may be efl'ected -the subsequent change in 
the proportion of the isomendes bi’ing duo to 
hydiolysis mainly of a-acid and resulphonation 
— it docs not furnish a general theory of sul- 
phonaiion. Eor exa'mplc, it leaves unex- 
plained : 

{a) Idle transference of the radicle S 

to a under the intliience of 30-40 p.c. 

anhydrosulphuric acid at 130“-! 80“ in such 
cases as the following : ^ 


I Reference has been made to the fact that 
j monosubstitution occurs mainly in the a- 
j position. Wlieti a second radicle enters the 
' moleoulo it .nay do so in the same ring as the 
j first— liomoiiucleally — or in the other ring — 
I heteronucli'ally. As in the case of benzene, it 
, IS po,s.sible to imheato in general terms the 
I directing induenco of the radicle already present 
in the naphthalene molecule on the position 
taki'ii up l)y the entering substituent, but a 
comparison of the laws of substitution deduced 
for #1110 two series, benzene and naphthalene, 
shows important difierencos. (’onsidored only 
with rcfcreiiee to the naphthalene derivatives 
! whi(!h tiiid a place 111 this article and to the 
I produc|ion of disubstitution derivatives, the 
jjollowing gencralLsation can he made : — 

Homonuchnl ,snh<std)ifion occurs m position 4, 
or ill positions 2 and 4 — 

(i.) When Gl, OH, or NHAc • is already 
I present in the a- position ; 
but in po.sition 1, or m positions 1 and 4 — ■ 



( 11 .) When OH or NHAc is already present 
m the j8- posikon. 

HeUronncleal suhsiiiution occurs in position 
5, or 111 positions 5 and 8 — 


^ Until their nature and the nporativo conditions 
are better understood, ehnnpes of this t>i)e can be 
classified only as intramoleeular or isomeric. Apart 
from the many eases of ‘ Isomene change ’ among 
suliilionlc neid.sj two others are siiftleiently rom-arkable 
to merit reference, viz tlie conversion of naplithalene- 
n.-8ulpliobydroxamlc acid CjoR^ SOo NH'OH into 
nai>lithulene-/3-sulplilnic acid and of dinajihthalcne-a- 
Buliiliohydroxamic acid (GipRi S 02 ). 2 N' 0 H into the 
p-comjKnmd by dilute alkali solutions at the ordinary 
temperature (Angeli, Angelico and Scurtl, Gaaz. chlra. 
Ital. 1903, 33 il. 296). 


(i.) When NO 2 or SOgll is already present 
m either the a- or the j8- position. 

( 11 .) When Cl or NHg is already present in 
the A position. 

I’he jiosition taken initially by the entering 
substituent in the ring is also the final position, 
except in the case of sulphonation in which, if 

* Reference to a-naphthylamine derivatives will 
show that a summary of the directing influence of the 
NHj radicle in o-compounda cannot easily be made. 
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the conditions are favourable, ^-surphonio acids 
may replace the a-sulphonio acids first produced 
(i;. p.413). 

Although the orientation of trisubstitution 
derivatives cannot be predicted with any great I 
approach to accuracy from a knowledge of the ! 
constitution of the di-derivative employed, yet j 
from the facts accumulatt'd about nitration and 
sulphonation, two deductions can bo drawn : — 

(i.) The non-cxistence in the sulphonation 
melt of derivatives in which SOgll groups 
occupy relatively the 1 : 2-,^ 1:4-, or J : 8- 
positions, has its counterpart in the rare occur- 
rence of nitro- compounds containing NOg groups 
relatively in the 1 : 2- or 1 : 4- jiositions. The 
analogy does not extend to the 1 : 8- positions, 
many 1 : 8- dinitro- derivatives being known. 

(ii.) The inhibition of 1 : 2-disulphonation 
and largely of 1:2- dinitration extends to the 
sulphonation of nitro- compounds, and to the 
nitration of sulphonie acids. No case is known 
in which a NOg and a SOali group oi'cupy 
relatively the J : 2- or the 2-1- positions. 

As an illustration of the effect of tliesi? 
restrictions on the orientation of nitration pro- 
ducts, the constitution of the following sub- 
stanecK, said to be tlie only ditiii ration jtrodiicts 
of na]>hthalene-2 ; (i- and 2 : T-disuljihonic acids, 
and of 1 : 8-dinitronapldhalene, may be quoted ; 


j formed, many of the products aijse from reactions 
I applicable only to the one senes or the other, 
but not to both. For example, among the 
well-known ortho- condensation products, anhy- 
drides of the following types obtained with pen- 
derivatives are not represented : 

0*S0a HN'SOa 

AA AA AA 

vv vV A/ 

Sultonc. Sultiiin. Laotono, 

The Bisulphite Reaction, 
a-Nitronaphthalonc, on reduction in an acid 
medium, fnrnishi's aiiajththylamirio. Piria 
found that when aqueous alcoholic ammonium 
sulphite IS onqiloyed the jirodiicts are a-naph- 
thylaniine siilphamic (ihionaphthamic) and 4- 
siilphonic acids ^Annalen, iS.'iI, 78, .31). For 
more than forty years this discovery remained 
an i.solatcd fact, although the interest attaching 
to the reaction is considcrahlc, as the conversion 
of a-niijihthylainmc into th(‘ 4-sulphoiiic acid by 
the usual method requires both concentrated sul- 
l>hunc acid and a high tmnpciaturo. 

From the jiatcnts of J'lsclicsser (D. R.-F. 
78438 : 7bo77), it is cvidcAt that the midhod is 
of rcsiriclcd aj)]ihcation, but can be used for the 


O.NNO^ 0,N 

AA AA^^ 

^v'v 

NO, 


OaN NO, I simultaneous riMluction and sulphonation of 
A A 1 a-mtronaphthalone-U : H-disul phonic acid, and of 

i ' ; ^ I 1 : .8-dinitro- or (c/. llbcbst, 1>. R.-P. 21533H) of 

j 1 : g-dinitro-najiblhaltmc by the aid of sodium 
I bisuliiiiito solution. Further, a-nitronaphtlial- 
I cue with a large excess of bisulphite yields not 


Properties peeidiai to 1 : 3- and 1 : 8- Derivatives. 

While till' projierties of the 1 : 2- and 1 : 4- 
derivalives of imphthalcne resemble, in the 
mam, those of the corresponding ortho- and 
para- derivatives of benzene, there is no such 
agreement between the projierties of 1 : .3- 
derivatives in the two scries. For this reason 
the use of the prefix tnefa- for naphthalene 
compounds of this orientation is ajit to he mis- 
leading. Moreover, from the point of view of 
substitution, it is evident (c. sup? a) that the 
5- and 8- positions, more nearly than the 3- 
position, in naplitlialime have the function# of 
the meta- position in benzene. • 

As examples of properties peculiar to di- 
(and tri-) derivatives of naphthalene containing 
the radicles OH, NH,, or SO^H relatively in the 
1 : 3 positions, reference may be made to thej 
conversion of a-naphth(d- or a-najibthylamine- 
3 -sulphonie acid ^ into 1 : S-diammonaphthaiene 
by interaction with ammonia, and into o-toluic 
acid by fusion with caustic potash, 

NH, OH 

^ .Aco-oh 

vv® V^» 

Turning to 1 : 8- or peri- derivatives, certain 
of these furnish internal condensation products, 
e.g. naphthalic anhydride, recalling the be- 
haviour of some 1 : 2- or ortho- derivatives under 
similar conditions. But, as condensation in 
each of these positions is dependent on the 
possibility of a 6- or 0- mcrabered ring being 


Piria's compounds, but a-Tia]»lithylamine-2 : 4- 
disulphonic acid ® (Hoclust, T>. R.-P. 1)2082). 

In none of iliese cases is the nitrogen atom 
eliminated from the inoleeiile as the result of 
the interaction with bisulphite, f)ut in the last 
recorded ajiplicaiion of the process — conversion 
of 1 : 8-diintroiiaphthal(‘n<'-.3 : O-disulphonic acid 
into J -amino-8-naphtho]-3 : fi-disulphonic acid 
(Bayer, D. R,-P. 113044; c/. Bueherer, J. pr. 
Chem. 1904, [ii 1 70, .340)- rciilaceruent of a NO, 
(or Nil,) group by OH was observed, and a new 
field for investigation (qicncd ii}). 

Slightly earlier in date than this patent of 
Bayer & (jo., is one in which it is shown that 
the conversion of ammo- into hydroxy- deri- 
vatives in the naphthalene series can be achieved 
under the influence of sodium bisulphito solution 
in open vessels at the boiling-point (Bayer, 
j 1). K.-P. 100102).* With jS-naphthylamine de- 
rivatives, unless a large excess of bisulphite is 
used (Badlschc, 1). R.-P. 1,34401 ; of. Buoherer 
and Stolimann, ,J. }ir. Chem. 190.5, [li.] 71, 438), 
condensation to jS^'-dmapbthylarnine deri- 
vatives occurs (Bayer, 1). R.-P. 121004). 

The clue to these results was supplied by 

® Bnchcrcr (.T. pr C'hcni 1904, fii.] 09, .50) makes the 
! interesting fitaO-ment tJial ocoaHionally a small 
I quantity of a-naphtiiol-t-sulpfionie acid is formed in 
; tills reaction. 

j Tw'o iiitroso comiiound*', a-nitros()-/3-naphthol and 
1 0-nItro.so-a-imphthol, also undergo tliis type of change 
with sodium bisulplilte solution. furaishOig the cofre- 
sponding ammonaphtiiolsiilplionle acltis (Bdnlger, 
Ber. 1894, 27, 2.‘1) 

* This discovery is now credited t.o Lepotit ((/. 
Friedlander, Ber. J92I, 54, 620), but the application 


NaphthasuUamtrlaulphonic acid (q.v.) Is a possible of tiie reaction to the production of amino- and aryl- 
excention. amino-naplitiialenc derivatives and its detailed study, 

* The j5-napbthol-and/3-naphthylainine-4-8ulphonlc Including tiie recognition of its reversible nature, Ig 
yield the toluic acid but not the diamine. due to Bueherer. 
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Bucherer’s discovery that in this reaction a 
highly soluble intermediate compound is formed, 
which, although stable towards acids, is decom- 
posed by aJkahs with the production of ammonia 
and the naphthol. ^ This intermediate compound 
was considered to be an ester, identified as a- or 
^■naphtli^l sulphitf; ('joH/()*S()jjNa (Badische, 
Ih li.-P. *]2()Khi) as it does not couple with 
. diazotised bases, can be obtained from the corre- 
Hponding naphthol by interaction with bisulphite 
(Badische, 1). K.-B. lin:i:ir>), and regenerates the 
naphthylaniine by iiitcraclion with aininoiiia, 
the yield <if ^ naphthylaniine from ^-na])hthol 
being almost quantitative (Badische, D. B B, 

1 17471 ; Buehmer, .1. pi. t'hein. 1!M)4. (ii. | (>!), 
88). By the use of metliylamine, aniliiK' or 
their homologues in ])laee of ammonia, alkylated 
a- and fi- najiiithylamiiieH (Badische, i>. It.-l*. 
I2108;f) and aryJated /i iiaplithylamines (Bad- 
iHche, l). K.-J* 122.770) can ofitamcd.- 
In the jiatciit literature and in tla^ [laiiers 
published by Buclicrer (.). [ir. ('hem. Iti04, |ii. | 
til). 47; 7(),':U.5; 190.7, [n. [ 71, 4:«), the f(»ll(.w- 
ing eonvenient. exju-ession for the bisulphite 
reaction is given, which show'^s clearly the 
n'versibk* nature of tlie change — 

+hisuliil»it(' 1 alladi 

^ R(Ks().ji ^ r-oii 

+Nin{^K2 ^ tasulpluti' 

R being a na|)hthy] radicle and RiR^ hydrogen, 
alkyl, or (for comjiounfl.s only) aryl radicles. 

In jU’iietice, if a hydioxy- conqiound is to be 
prepared, tlie corresponding uinino- derivative 
is digested witli c.xee.ss of 40 p.c. sodium bisul- 
phite solution usually at 8t)‘’ tM)'^ until a test 
shows the reaction to b(‘ complete, tJic jirodiict 
boiled with caustic alkali .solution to expel 
ammonia, and then acidified to nmiovo sul- 
jihurous acid. Jf, on the otluT hand, tfa* reverse 
jinx’c.ss IS to be followed, tlien tlie hydroxy- 
coinjiound is digested with e\ee,ss of 20 40 p.e. 
ammonium siilplnte solution and 20 ]) e. am- 
monia 111 an aiitochne proMiled with a stirrer at 
]{X)"'-1{)0° until conversion is eomjileti*, and the 
product aft(Twarf)s acidified. 

With tlie e.xcejition of derivatives of la-dihy- 
droxy- and w-diaiiutio- benzene the bisulphite 
reaction is confined to the naphthalene sm'ies, 
and is de])crulcnt on the use of a large excess 
(3-5 mols.) of the reagent. It is n))]ihcable to 
diaminoiiaphthalene, animoiuiplitbol and diliy- 
droxynaphthalcnc di'rivalives as well as to the 
nnphthylainines and iiaphtliols, 

Nlfo Nil, OH 

AA ' AA AA 

[ I 1 — > ] j 1 

vv vv ^ vv 

H,N HO HO 

^ This procc.HS differs essentially from that in 
which the exchange ot for Oil is effected at Innh 
teuiperatun's under the uiHueiiee ol w’ater or mlner.d 
ncids {cf. however, Fraiizen and Kempf, Her 1017, .70, 
101). 'I'ho ('iid iirodiH'ts ol llie two reactions arc 
usually file same, hut differeuoes ladweeii tliem are 
not unknown, eg. «-naphth>Ianuiie-4-siilphoiiK: arid 
is converted almost qiiantltativelj by the, hisulplnte 
inetliod Into o-naplithol-'l-suliihouje add, hut b> tho 
achl method into a-naphthol. 

^ VVItli phenj lliydrazlne, the reaction proceeds 
differently leading to the formation of 1 : 2-pheno- 
carbazole-N-solphonlc acids as eliicf products (Bucherer 
and Seyde, J. pr. Clieni. 1908. [il.] 77, 40.1 ; B. K.-B 
208690). 


its technical importance being therefore evident. 
But it is subject to restrictions ; for example, it 
docs not succeed with a- derivatives in which 
a substituent is jiresenfc in the 2- or .3- position, 
or with derivatives in wliich a substituent is 
present in the 4- position, such as the acids : 

NHj NH2 S 

'vv vv 

s 

altlifuigh it takes place ea.sily with acids in which 
these resjus-tivc positmns are not occupied : 

N NJI.2 8 

•^A ^^'Anji., AAnH, 

vv ■''vv 

S 

Buelim-er’s view (>f th(' nature of the inter- 
mediate product throws no light on the cause of 
these restrictions, it, however, it be assunual 
that the ri'action |>roe('eds not by the formation 
of a Huljihite (‘stcr from the stable naphthol (enol) 
hut of an additive hisuljiliite [iroduct from tho 
taulonienc kctodiliydronaphthalciu* (ketone) 

HO SO.Na 

OH O \ ' 

/ / aL /. /A 

i J CH^, ' 'i CIl 

H II H 

the marked reactivity towards ])rimary amines 
W'lll accord w'lth exp(‘cta1ion and I lie restrictions 
admit of cxplaniition on stcric grounds (rf. 
Voroshcov, (.'hem Soc. Abstr. 191(i, IJO. 1, 293 ; 
Ohem. Zciitr. 191 (», 11, 2.7() ; lA'icdJandcr, Chem 
Zed 19l('>, 49, 919 ; Bcr 1921,54,020; Kimig 
and Haller, J. ])r. Chem. 1920, [11. j 101, 43). 

Many interesting upjibcations of tlie reaction 
are to Ix' found in flic literature, from winch 
two may bo taken by way of illustration : 

(tf) i •H-L)iammona])hthalene-4-siilp}K)nic acid 
wilHurni.sh either th<“ 4- or the 5-suli)honic acid 
of 1 -.amino-8-naphthol according as tho process 
IS condueled in the pri'.senee or absence of acetone 
(Badische, 0. R.-B. 120010) 

, HO NH2 H2 N NH.2 H,N oh 

AA AA AA 

• I ! ' <- I ' I I 

v'v vv vv 

8 8 S 

()>) Two formula' arc possible for the amino- 
nuphtholsulph«*fic acid, and two for the dihy- 
droxy riaphthalenesulphonic acid obtained re- 
spectivi'ly by fusing /J-naphthylamine- and 
^-naphthol-0 : 8-disulphomo acids with caustic 
potash. Tliat these aeid.s have tlie formulaj I 
and II, and not the alternative formulae 


HO 

HO 

HO 

AAnh, 

A-'^OH 

AA( 

j ®VV 



I 

Jdgrotio acid 

II 


IS tstablishod by the fact that they can also be 
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formed from nigrotic acid by digestion with | 
ammonium sulphite and with sodium bisulphite [ 
solutions respectively. Carbon dioxide is elimin- i 
ated in both cases, and formula I follows from I 
what is known of the restrictive effect exorcised I 
by the 8 O 3 H group on the reactivity of the OH | 
radicle to which it stands relatively in the 3- ,1 
position in the same nucleus (Biicherer and ! 
8 eyde, J. pr. Chcin. 11)07, [ 11 . j 75, 254). 1 


with the 1- position, is passive in this type of 
chemical change : 


OH 


OH 


NaR 


AA 

1 1 ' 

i'^A-n.k 

A^oh 

Vv 

1 I I 

VV 

l/'v 

rljit 

I 

s 

II 

• 

111 


1 )L 4 Z 0 - and Azo- ('ompounds. 

Without excejition, diazotiscd bases couple 
homonuclcally with naphthols, naphthylamnies, ' 
armnona])hthols cr their sulphonic acids.' i 
Stated in general terms, a-hydroxy- and j 
a-amino-naphthaleno derivatnes couple in the j 
4- or /«;m- position (J), as is the ease with benzmie i 
derivatives, but when this position is occupied | 
by a radicle oilier than hydrogen, also coujile , 
readily in the 2 - or ortho- position (II) relatively | 
to the OH or NHg group, lu the ^d-Bcries of | 
compounds, there being no para- jiosition avail- ■ 
able, coujilmg mvanably talo's jilaco in the ■ 
ortho- position relatively to the Oil or NIL ' 
group, but witli this limitation that the entering , 
diazo- grou]) assumes the I - position (III) to the 
exclusion of the 3- ])osition, although both the 
1 : 2- and the 3 : 2- positions ari* contiguous and 
to that extent (M.)mparal)l(‘ with tlie otlho- 
fiosition in the benzene molecule. It is obvious, ^ 
therefore, that the 3- position, m comparison ' 

' The fojlowiiiK trivial iiaiiu's arc Kivcn to .suliihoinc I 
acids employed 111 t he mamilai tiire oi azo-djes — { 

Naphthijlamnies}(lt)lmiit' acid't f^' If^ • ‘Sn^ll | { 

f I : -IJ iSiaphtJiloiiic I - . <>1 Hroiincr 1 

h: 51 Laurent 12-7|K-a(id 1 

[1 sj S or .Scliollkopi [2 . 8| lladisi-he | 

Nnimlnilmnotaiisalphonic neats : SO^Il * 1 

SOairj ■■ ! 

( 1 : : 8] f-disnl]iho |2 3 : O] Ammo- II j 

[i : 1 . 8] Disuhilio S |2 : 3 . 7j Jiisulplio F 
[2 : 4 bj Disiilptio C! 

12 . () . 8| Amimt-G I 

Naphthohaliihouir adds [Oil rSOjltl i 

fl : 4) Nt‘Vil(‘ A: Wmthcr [2 O) Seliatler ! 

I ; 5] L-acid [2 TIF-acid I 

(1:8] S-acid 12 . 8j (’r()e<‘ic-a< id 

}taphthatdmdi>tt()inr acids \i)U 80,1JJ 1 


To this generalisation there are exceptions 
. among ammo- and hydroxy-na])hthalene 8 ulph- 
i onic acids of certain contigurations, of which 
I two may be noted : 

( 1 .) a-Na[)hthylamine- or a-naphthol-sulph- 
onic acids of the formula' : 


Ml„(or Oil) 

AA 

! I Is 


Nil, (or OH) 

A/\ 
i I I 
VV 
s 


11:3 8] Disuliiho K 
[1.4:8] Disulpho. S 


j' Jt-acid' 

1 F-acid 

I Oaeid 
j ti-aeid • 
raA INtLj OH Sajllj 
[2 • 3 . (>| R-aeid 
|2 . : 7 j J-acid 
■ ' 7 : 3 ) F-acid 


[ 2.3 
[2 3.7 
12 . 4 . 8 


A lyunonavhtholsnl phonic > 

(I • 5 : 7| M-acid 
1 : 7 : 3| H-acid 
1.8.4] S-uCid 

1:8: 6 ] Il-njonosuJpho. [2:8: (ij tJ-aeid 
[2:8 ’I V-acid* 

A nunonujihthold uiut phonic acids j N IT, ‘ OH : SOoH ? 
SOallj 

[ 1 : 8 : 2 : 4] S-acid [I ; 8 • 4 * (5] K-acid 
1 . 8 , (2) : ?] L-acid [ 1,8 (5) . ‘''J l>-.icid 
1 : 8 ■ 3 : .5] l5-acKl 

1 : 8 : 3 . 0 ] H-add [ 2.8 3 : 0] 2K-Hdd 
Dihydroxynaphthalenesulphoiiic acids |OH : OH : 
SO 3 H] 

“ l:5;2]C-add 
1:7:3] G-add 
1:8:3 t-acid 
1:8:4 S-acid 

Jhhydroxunaphthalencdisulphonir aeids [OH : OH : 
8 O 3 H : SO 3 HJ 

T : 3 : 6 : 7 A''ellow acid (Gclbsauru) 

1 : 5 : 3 : 7] Ked acid (KoLstlure) 

1:7:3: 0 A-ackl 

1 : 8 : 2 : 4 S-acid [1.8:?-?] I-, G-, and R-acids 
1 : 8 : 3 : 6 ] K-acld [2 : 3 : 0 : 8 ] li-add 
J : 8 : 3 : 0 ] Chromotropo aci<l 
JJdtydro'xymphlhadaiecarboxyhc acids [OH : OH : 
COoH] 

[ 1 ; 7 : C] S- 8 dd [2 : 6 : 3} I^acid 

CarbodihydrQxynaphthaUnesulphvnic acid [OH : OH ; 
COaH : SOjH =1 ; 7 : 0 . 3] Nigrotic acid. 

VoL. IW—T. 


[2 : 3 • m K-arid 
[ 2 . 7 : 7 ] F-acid 


coujile m the 2 - position, although in none of 
them IS th(^4- position occupied (Oattermanri and 
Schulze, Her. i8!)7, 30, 50). 'i'his rule, however, 

IS not always followed when tlu' diazotised base 
contam.s a negative substituent in thi* ortho- or 
para- jio.sitioii. 'I'hus, diazotiseil /i-intramljiio 
couph's with a-na]»hthyli;iminc-3-8ulphonio acid 
in the 2- ])ositioii and witli a-naplithol-5-8ul- 
])honic acid m the A- position, but with a-naj)h- 
thvlannne-5- and a-naphthol-ILsulphonic acids 
m botli the 2- and the 4- po.sitions (Gattermanii 
and Licbcrmann, Annalcn, 1012, 303, 200). 

( 11 .) ft Naphtliyiamme-H-Hulphonic acid and 
its derivatives, like thi' 1 - sul[)honic acids, furnish 
diazoammo- compounds instead of azo- deriva- 
tives : 

S S 

f^'',/^NH -NgR -NaR 

v'v 'vv 

Other ca.ses of deviation from the general rule 
will ho found among sulphonic acids oi the 
diaminonaphthalcnes, aminonajihthols, and di- 
ll ydroxynafihthalencs. 

(^)uplod in the ortho- [losition, naphthyl- 
ainines, naphthols and tlicir suljihonic acids 
furnish valuable dyestulls which are fast to soap, 
but in the pam- position, peculiar to a- com- 
jiouiids, they give products which are almost 
usele.s,s as dyes, changing colour aa they do when 
brought in contact with acids and alkali.s. But 
while, in the ortho- amino-azo-dycs, the ammo- 
group cannot be diazotised, the para- amino-azo- 
dycs are themselves readily diazotisable and 
find exteiLsive use in the jiroduction of dyestuflii 
containing an additional azo- group. a-Naph- ^ 
thylammo and certain of its sulphonic acids, 
particularly the 6 - and 7-sulphoriic acids, are 
largely used as middle components, but the 
ft- derivatives only as end components in azo- 
dyestuil manufacture. 

The po.sition of the azo- group in azo- dy<‘S 
can be determined either by reduction, e.g. 
with stannous chloride (Witt, Ber. 1888, 21, 
3471), or with sodium hypo- (‘ hydro- ’) sulphite 
(Grandmougin, Ber. 190(5, 39, 2494, 3501, 3929), 
whereby the base used for diazotisation and 
an ammo- derivative of the second compouent 
are obtained ; or by fission with cold fuming 
nitric acid (Schmidt, Ber. 1905, 38, 3202; cf. 
Moldola and Hanes, Chem. Soc. Trans. 1894, 

2 E 
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66, 841), wherel?y the diazo- corapound used 
and a nitro-derivative of the second component 
are formed. O’ho former of these processes 
has found some application in the prepara- 
tion of aminonaphthalene derivatives (v. IH- 
amiTionajihthaUnt- and aminoimphthol-sulphomc 
acids). f 

DIazo-OXides. — The formation of diazo- com- 
pounds by interaction of naplithylamiiie- or 
aininonaplithol-sulplioiiic acids with nitrous acid 
proceeds normally cxccjit with 

(«) NajihtliylamiiicHiilphhnic acids contain- 
ing one iSOgH group in the ortho- (1- or 2-) 
position relativ(‘lv to the amino- radicle; 

{h) 1:2- and 2 : l-aniiiionaplithoLsiiljdionic 
acids or their derivatives.^ | 

With rcspCH't to the first exception, it is I 
found that when warmed with solutions of I 
alkali carbonati's or acetates, to renu^ve free 
mineral acid, dinzotiscd n- or ^-najdithylamino 
or//io-siilphonic acids (Hudische, I). K.-l*. H.'iDOd ; 
Eng. I*, tit) 15 of 1902 ; I). K.-P. 150440; 157325; 
Eng. V. 2im of 1003 ; J). It.-P lt)053l>, lf;2000; 
Eng. P 4007; 21038 of 1004; ilochst, D. P. Anm. 
E. 108t)3; Eng P. 230t)3 of 1002), also diazotiseil 
l-chloro-^-naphthylaniinesul])honie acids (Ba- 
discho, I). K.-P 145000 ; 148882), and 2 : 4-di- 
chloro-a-naphthylarninesiilphonic acid (Badi- 
soho, I) K.-P. 153208; hhig. 1*. 1()!)05 of 1003), 
furnish anhyclritlcs {drazo-oxtdes) of hydroxydi- 
azonapbthalcnesulphoiuo acids, e.n. for $- com- 
pounds . 

S 0 01 


becomes almost quantitative in the presence of 
j cupric or ferric salts (Geigy, D. K.-P. 171024 j 
Eng. P. 10235 of 1004 ; H. K -P. 172446), zinc 
salts (Kalle, D. K.-P. 175593 ; 105228 ; Eng. P. 

I 23034 of 1005), nickel salts (Kalle, D. K.-P. 

I 178621), manganese, cobalt or magnesium salts 
I (Kalle, IJ. K -P. 105322), or mercuric salts 
! (Kalle, 1). K.-P. 178036). But as these salts are 
found to spoil the brightness and solubility of 
the derived azo- dyes, tliey may with advantage 
be rejdaced by salts f)f the alkali or alkaline 
earth metals (Badische, 1). R.-P. 189179; Eng. 
P. 10323 of lOO(i). 

The diazo- oxides form non-explosive, yellow, 
erystalline jiowdors (Geigy, 1). K.-P. 171024 ; 
Eng. B. lt)2.35 of 1004) ; they can be chlorinated 
f Kalle, 1). K. P. 24t)573 ; 24t;r)74 ; Eng. P. 20072 ; 
20073 of 1011); brominated (Sandoz, i). K.-P. 
236656; Eng. P. 3508 of 1011); nitrated by 
I nitiosul|)huru: acid without decomposition 
I (Geigy J). K.-P. 164655; Eng. P. 15418 of 
11004; Kalle, I). R.-P. 176610; Bmdsch., 

I 1>. K.-J*. 20ti(i08) ; and sulphonatcd by atihydro- 
suljihuiH! acid (Kalle, I). K.-P. I7661S; 17(i(i20). 
Probnhly as the result of their structure, their 
capacity for coupling 

Nila N:N- NJl 

VV vV 

s IS s 

(K41 being the amine or ])hcnol with which 
coupling has taken ])laee) is not pronounced, 


f^|ANn, 

VV \/V VV 

s s s 

W'ith regard to th(' second exeejitioii, it is 
known tlial in the j)ic.senee of fiee miiRTal acid, 
1:2- and 2 ; l-aminoiui[)litholsiilphoiiJe acids 
are not diazotiscd by nitrous iicid (Witt, Per. 
1888, 21, 3475), but oxidised to ()S-]naphtba- 
qumoncsulphoinc acids (Boniger, Ber. 1804, 27, 
24; cf. Badische, 1). K.-P 153208; Eng. P, 
16005 of 1003). When diazotisation is carried 
out in the absence of Heid.s other than acetic, 
oxalic, or tartaric (the nitrous aeid required 
arising from the interaction of the dissolved 
aminonaphthol hydrochloride or -siiljihonic acid 
with nitrite) and with ordinary <lilution, diazo- 
oxides are formed (Weilcr-ter-Meer, 1). K.-P. 
165083).* The yield, however, is not good, but 

^ As fluotlier llluhtratioii of llio essriitial diflorenre 
between the contiguous hoinomicJeal aj9- and /3^- 
poHitlons (rf. p 417), it iiiaj be noted that tlie di.t7ollsa- 
tion of 2-anuno-t{-nai)tithol-()-suIi)honie aeid presents I 
no dlllienlly, the normal type ot diazo- compound j 
being formed (lloehst, I). R -1* r»:U)7(i ; Eng P J5170 
of 1880 ; Cassella, 1). K.-P. 100932; Eng. P. 281 U7 of 
1897). 

• This diflieulty has also been overcome without 
tlie formation of diazo-oxldes : — 

(1.) by e&tcrlfj,lng the hydroxyl radicle by means 
either of acetic anhydride (UeselKeli. I). ll.-P 181714 ; 
Eng. P. 82 of 1905), or of toluene-p-snlplionyl chloride 
(Aktienges., D. It.-P. 193099; 19G923), diazotisation 
tlien proceeding normally ; 

(II.) by using a suspension of the aminonaphthol- 
Biilphonic acid in about 4 times its in'lght of 20 p c. 
acetic acid, the suspended and passing into solution as 
diazotisation proceeds (Kullc, 1). ll.-P. 188645 ; 
190693) ; 

(lii.) in the ca.se of di- and tri-sulphonic acids, by 
carrying out the diazotisation in highly dilute sulphuric 
acid solution (0 5 inol.) at 0°-5^ (Kalle, D. K.-P. 
184477). 


except Jor resorcinol (Badische, D. K.-P. I4888I) ; 
tlic derived hydroxya/o- dyes give fast bluish- 
black .shades on chromed wool {v. p. 488). 

TeTRAHYIIROJSAPJITIIALENE l)EiaVATIVE.S. 

On reduction in boiling amyl alcohol solution 
with sodium, the najilithylaminoH and luqihthols 
are converted into tetraliydro- deri\'atives, of 
wddeh two types exist :--- 

(1) O’hose termed alirpcUc (or ac,-) deriva- 
tives, in which both the substituent and the four 
addl'd hydrogen atoms arc in the same ring. 

(2) Those termed aromatic (ot ar.-) deriva- 
tives, in which the substituent is in one and the 
four added hydrogen atoms arc in the other ring. 

WithTa-riaphthylamine and a-uaphthol, ‘ aro- 
matic ’ derivatives are exclusively formed, 
but with j3-naphthylaminc and j8-naphthol both 
typos are obtained, tlie ‘ alicyclic ’ compound 


about 05 p.e. < 

)f the product : 




HjAAnh, 

1 lU 

VV * 

H ' ' ' 


Ha 

(ac.-denvative.) 

(ar.-derivative.) 


The specific properties whicli distinguish 
! corresponding derivatives of naphthalene and 
benzene are suppressed in the tetrahydronaph- 
thalene derivatives, and, in connexion with the 
; najihthalene theory, it may be noted that ‘ ali- 
! cyclic ’ compounds display the characters of the 
' secondary amines and alcohols of the aliphatic 
j series, whereas ‘ aromatic ’ compounds show a 
I close analogy in properties with the o-xylidines 
' and o-xylonols of the benzene series (Bara- 
i berger, Annalen, 1890, 257, 1). For a detailed 
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account of tetrahydronaphthalene and its deri- 
vatives the article Tjbitbaun should be consulted. 

I. Chloro-Derivatives. 

hbiioductory. — Naphthalene derivatives, in 
which chlonrie is associated with the carbon 
atoms of the nucleus, are of two kinds : additive 
compounds, c.<j. naphthalene dichloride and 
tetrachloride, and those in which substitution of 
chlorine for hydrogen has taken place, viz. the 
chloronaphthalcnes. 

The formation of chloronaphthalencs can bo 
achieved by tJie following methods : 

(1) From naphthalene or chloronaphtlial- 
enes by chlorination (r/. Faust and 8aame, 
Animlon, 1871, JGO, G5 ; E. Fischer, Ber. 1878, 
11, 735; Widman, Ber. 1882, 15, 21b0; Arm- 
strong and Wynne, (diem. Soc. Broc. 1890, 0, 
85; Badisehe, I). R.-P. 234912). 

(2) From anunonaphihalenes by diazotisa- 
tion and the Sandim'yer reaction (<•/. Fried- 
lander and Szymaiiski, Bor. 1892, 25, 2081 ; 
Chattaway and Lewis, Chem. 8o(i. Trans. 1894, 
05, 877). 

(3) From nitro-, amino-, or hydroxy-naph- 
thalenesulplionu! aends by cunv(>rsion into ehloro 
naphthalonosulphomc acids and subsequent 
hydrolysis (rf. (leve, Ber. 1892, 25, 2487). 

(4) From najilithaleiiesulphonyl, or chloro- 
naphthalenesul])honyl chlorides, by heating 
them either with phosphorus pentachloride (</. 
Carius, Aiinulen, 1800, 114, 145; Armstrong, 
Ber. 1882, 15, 205), or alone {cf. Armstrong and 
Wynne, Chem. Soc. Prue. 1895, 11, 80, 83; 
1897, 13, 152). 

(5) From lutronaphthalene (de Koninck and 
Marquart, Ber. 1872, 5, II), and from nitro- 
naphthulencsui])honvl chlorides (Erdmann and 
Suvern, Annalen, 1893, 275, 232, 252) by distilla- 
tion with ])ho.s]>horus pentachloride. 

Allusion has been made to the complete 
series of mono-, di- and tri-chloronaphthalenes 
and to their use as reference compounds (p. 412). 
With the exception of a-ehloronaplithaleno and 
1 : 4-dichloronaphthalcne which are cheaply 
produced, thcsi; substances are valuele.ss for 
technical jiurposcs. • 

As sources of naphthol or naphthylamiTie de- 
rivatives certain of the a-ehlorona]ihthalenc- 
sulphonie acids, viz. the 4- and 5- mono-, the 
4 : 7-di- and the 2:4:7-tri- sulphoiyc acids 
(the last most readily) or 4-ehloro- a-nitronapW 
thalene can be used, a.« in them the halogen can 
be exchanged for OH or NH, by digestion -with 
caustic alkali or ammonia resjieetively. 

Cl a-Cbloronaphthalene is obtained when 
A /\ chlorine is passed into boiling naphthalene 
I 1 i in the presence of ferric chloride (Oehler, 
y V H Anm. 0. 1921) untii the calculated 
increase in weight has been attained ; or when 
naphthalene diehloride is decomposed by heat 
or by alcoholic potash (Faust and Saame, 
Annalen, 1871, 100, 08 ; Armstrong and 
Wynne, Chem. Soc. Proc. 1890, 6, 85) ; or, 
free from other cbloro-derivatives, when diazo- 
tised a-naphthylamine hydrochloride is warmed 
with hydrochloric acid (Casiorowski and Wayss, 
Ber. 1886, 18, 1940), or cuprous chloride solution. 
It boils at 203^’, and has sp.gr. 1 *2025 at 15“ 

Reactions. — On sulphonation, it yields a- 
cMoronaphthnkne-i-, 6-, 6-, and 1 -tnonomlphonic 


acidsy the 4:7- and a second disulpJionic acidy 
and the 2:4; l-trisidphonic acid. Digestion 
with 20 p.c. caustic soda solution at 300“, or 
better with 30 p.c methyl alcoholic potash at 
210 “, converts it into a-mphtfiol. Nitration 
furnishes mainly A-chloro-a-nHromphtiiakne. 

Dichloronaphthalenes. A mixture of 1:4- 
and 1 : 5-dichloronaphthalene8 is obtained when 
naphthalene, with a earner (feme chloride, 
uxiine, Ac.), is chlorinated in carbon tetra- 
chloride solution at -10“ to 0“ ; the product 
I c<mtam8 small amounts of the 1 : 2- and 1 : 7- 
' derivative's, which can lie removed as sulphonio 
I aoid.s by stirring with sul])huric acid for 20 hours 
I ill the cold (Badisehe, 1). R.-P. 234912). The 
mixture of the 1 : 4- and 1 : 5- isomerides can 
also bo sejiarated by sulplionation with mono- 
hyilrato (12 pts.) in the cold, as of tlio two 
products, sodium J ; 4-du;hloronaphthalene-0- 
Hulphonate is much less soluble m brmo than 
1 : 5-dichloronaphtluilene-3-8ulphonate( Badisehe, 

D. R.-P. 229912). 

1 ; 4-DichIororia])h t halene, in 70 p.c. 
yield and almo.st jmre, is formed by lieatmg 
najilitbaleno (0 pts.) with thionyl chloride (13 
[its.) during 8 JO hours at 140 -100“ (Hochst, 

I). R.-P. 280489; Meyer, Monatsh. 1915, 3(), 
728). On nitration R* yields r^iH-dicMoro-a- 
Hi from phi hole VC (Widman, Bull. 8 oc. chim. 1877, 
[ii.] 28, 509). 

l\'rchloronaphth(dcnc formed by 

: exhaustive chlorination of naphthalene, finally 
I in the jiresence of antimony trichloride (Borthe- 
lot and Juagfleisch, Bull. Soi'. chim. 1808, (ii.) 

9, 440). It crystallises in lung needles, m.p. 

I 203“, IS moderately soluble in benzene or liglit 
I petroleum, and when Jieatcd with 70 p.c. 

I anhydro-acid at 50“ is converted into a red 
' dyestuff of unknown composition (Badisehe, 

D. R.-P. 00011). 

Naphthalene tetrachloride (yH /34 is formed 
togethi'r with oily imjmritics cimtaimng, accord- 
ing to the conditions employed, varying quanti- 
ties of naphthalene diehloride, a-oldoronaph- 
thaleiie tetrachloride and a dichloronajiKthalene 
tetrachloride, by the action cither of chlorine 
(Faust and iSaamo, Annalen, 1871, 100, 67) or 
of potassium chlorate and hydrochloric acid 
(E. Fischer, Ber. 1878, 11, 735) on naphthalene. 
According to Leeds and Everhart (J. Amer. 
Ohcin. «oc. 1880, 2, 208), the best yield (45 p.c.) 
is obtained by leaving naphthalene in thin 
I layers in an atmospliero of chlorine until ab- 
, Horjition is complete. Extraction of the product 
with light petroleum, to remove diehloride, and 
with alcohol, leaves the tetrachloride in a pure 
' state. It crystallises from chloroform in large • 
rhombohodra, m.p. 182“. 

licaetto-M . — On oxidation at 100“ with 8*7 
times its weight of nitric acid (sp.gr. 1’46), it 
; yields 2 : 3-dichluro-[a-] TbapUimiuimne (Helbig, 
Ber. 1895, 28, 505), or, boiled with ten times its 
weight, phihalic acid (Fischer, l.c.) ; but with 
' chromic acid at 90“ it gives 3 : i-dichloro-a- 
rmphthol (Helbig, l.c.). Nitration with fuming 
acid (sp.gr. 1 * 6 ) converts it into a resinous 
nilroiMphihalene tetrachhndc, from which 5 : 8 - 
dichloro-a-nitro-mphtfuilcne is readily obtained 
(Matter, D.R.-P. 317755). Nitronaphtbalene 
diehloride, formed by nitration of naphthalene 
diehloride, furnishes S- ehloro- a- nitronaphthalene 
(Matter, l.c.). 
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a*CHLOBONAPHffHALENESUL?HONIC AciDS. 

Introductory. — a-Chloronaphthalenesulphonio 
acids can be obtained by three methods : 

(1) From the corresponding a-naphthylam- 
inesulphonic acids {q.v.) i>y diazotisation and 
interaction with cuprous chloride solution. This 
affords the'easiest way of making the chloronajih- 
thalenesulphoiiic acids dcscribecl in this section, 
which comprise only such products as are obtain- 
able by one or both of th(‘ following processes. 

(2) From a-chloronapbthalcne by suljihoiia- 
tion, the jiroducts with siilphiiiic acid being 
successively the 4-, the 5-, and a mixture of the 
6- and 7-monoHulphonic acids as the tempera- 
ture is raised gradually to J (10' -170 ", and the 
4 : 7- (]joHsibly also the 2 : 7-) disulplionic acid 
at J80'-19U ' 

(3) From sodium naphthalene- a- or ^-sul- 
phonate by chlorination. 

When jirejiared by the lasV two methods, 
these acids can be used for the jiroduetion of 
a-na])lithj^laminesulphoiiie acids, but the process 
lias no technical importance. i 

(i.) tt Chloronaphthalene 4 sulphonic acid is ; 
the chief jiroduct when a-cliloionaphthalene is 
Hulphonatiid with clilorosulphonic acid in the 
cold (Armstrong and )\'ynne, (’hem. Soc I'roc. 
18tK), G, 8(1). 

ld(‘7iiijirat\on.- Tlie/^ariMia salt, BaAo-1 211^0, 
forms sjiaringly soluble h('xagonal jilati's, and 
the poUussiuin salt, KA, rlioinbic jirisins. 'I'lu^ , 
chloridv, tnelmic ])nsmK, m.]). 95'' {aniid<, m ]*. 
187'' ; cj. ('leve, Her. 1887, 20, 73) is convertible 
into 1 : ‘i-dichlommi phi hdlcnc . 

Ucarho/M,-- Digestion with 25 p.e. tauslie 
Soda solution at 220' convi'rts it into u->i(tphl}n>l- 
A-aulphonic arnly and with 25 p.e. aninioma 
solution at 200 inbt a-mt phth\jlainin.c-A-.'<\d phonic 
acid. 

(ii.) a-Chloronaphthalene-5-suIphonic acid, 
formed in sniull quantity when a-cliloronaphtlial- 
eiie IS suljihonated with clilorosulphonic acid 
in the cold, becomes the chief product when the 
sulphonation mixture is heated at 150" (Arm- 
strong and Wynne, C'hem. Soc. Troe. 189(b 0, 
87). It can be obtained by (dilorinating sodium 
na]»hthalene-a-sulphoiiate witli a mixture of 
sodium chlorate and liydrochlorK; acid (Rudolph, 
1>. R.-P. 103983; Eng. P. 19088 of 1898). 

Identification. — The hun/zw salt, BaA 2 +ii 2 ^h ' 
is a sparingly solubh', microcry.stallme powdcj' ; 
the ‘jioiaM'ium salt, KA, foims iiecdh's, and the 
sodium salt, NaA, scales. The chloride, large 
risins, m.p. 95 " {aniuh , m.ii. 220 ’; cf. Cleve, 
c.) is convertible into 1 : ii-dichlownaphthah ne. 

licactious. — Digestion w ith 8 }).e. caustic soda 
solution at 250" converts it into a-uaphihol-lj- 
sulphonic acid, and w'ltb 25 p.e. ammonia solution i 
at 210“ into a-uaphthylaminc-li-sulphonic acid. 

(iii.) a-Chloronaphthalene-O sulphonic acid, 
mixed with the 7-siil})homc acid, is formed wdieii 
a-chloronaphthalene is heated with 1-1 '5 tunes 
its weight of sulphuric acid at 100“-! 70" for many 
hours (Oehler, i), R.-P. 70396) ; or when a 
eolution of sodium naphthalene-j8-sulphonate is , 
chlorinated by means of chlorine or of sodium 
chlorate and hydrochlorie acid (Rudolph, 
D. R.-P. 101349 Eng. P. 19088 of 1898). Ry 
fractional crystallisation its calcium, barium, 
or sodium salt can be separated from the more ' 
soluble salt of the 7-siilphonie acid. i 

Identification, — Thehnraim salt, BaAj-f HjO, 


' a crystalline powder and the potassium salt, KA, 
thin scales, dissolve only sparingly in cold water. 
, The chloride, scales, m.p. 114“-115“ {amide, m.p. 
i 21()“; cf. (leve, l.c.) is convertible into 1 : 6- 
1 dieJilorormphlhalene 

(iv.) a-Chloronaphthalene - 7 - sulphonic acid 

(y. 6-sulphonic acid) gives an easily soluble 
hanuin salt, BaAj 1 ‘Mi.f), scales, and potassium 
salt, KA+H^D, needles. Its chloride, large 
crystals, m.j). 9P {amide, m.p. 181 ^ ; cf. Cleve, 
Her. 1892, 25, 2480) is convertible into 1 : 7- 
dieh loro na phlhalene. 

(v.) a - Chloronaphthalene - 4 • 6 - disulphonic 
acid IS formed when sodium a-chloroiiajilithalene- 
, 6-sui])honate is heated with 10 p c. anhydro-acid 
' at 110" (Rudolph, D. R -P. 104902). chloride, 

\ small neetlles, m.p. 12()'’-i27 ', is convertible 
into 1 •A-.tS-lnefiloronaphtiulene. (Armstrong and 
! Wynne, (4iem. Soc, Pioc. 1890, 0, 126). 

I Jhaelion . — Digc.sijon with caustu! soda solu- 
tion at 2.30“ converts it into 1 ; C)-diht/drori/- 
na phthah nc-4-suLphonie acid. 

(vi.) tt - Chloronaphthalene 1 ■ 7 - disulphonic 
acid IS obtained wlien tt-chloioiiajilithalene is 
HulplionutiMl with 45 p.e. anhydio -acid at 20", 
or with snlphuric acid at 180" ^ (Ocliler, 1). R.-P. 
74744) ; ot wdien sodium tt-cliloiunaphthalene- 
4-sulphonutc is suljihonated with 20 ji.c, aiihydro- 
acid at 20" (Ochlor, /.(.), or at 100" (Armstrong 
and WyiiiK', (.'Ikmii. Soc. Proe. 1890, 6, 18). 
'riic ehloiidr, prism.'-', m.p. 107", is convertible 
into 1.4- d irieldironajddladein (Armstrong and 
Wynne, l.c.). 

I Riarlion. Dn/i'^tion with 30 p c‘. caustic 
; soda solution at 200 '-210‘' convcils it into a- 
I napldhol-4 : l-di.sid phonic and. 

(\ii.i tt - Chloronaphthalene - 2 : 4 : 7 -trisul- 
phonic acid is tlw' child jivoduet of till' suljihona- 
j Don of tt-ehloronaphthalcne w ilh 15 ji.c. anhydro- 
' acid at 80", or of sodium ct cliloronaphthalcrie-4- 
suljilionatc with 20 ji c. anhydro-acid at 170“ 
(Dchlcr, D. R.-P. 76230). 

! Identification. — lianoditnn salt Na ,A-f 41120 
forms small nci'.dles (Uehlcr, l.c.), and its chloride 
' scales, 111 p, 215“ (Armstrong and Wynne, Chom. 

I Soc. Proe 1890, 6, 126). 

Digestion with 12 p.e. caustic 
j soda, solution at i5tD converts it into a-najdUhol- 
2:4; 1 -iiiftidphomc acid. 


li. Naobthalknesulphonic Acids. 

l nfroducto) f/.-- Najilithaleni'sulphonic acids 

can, be obtained by the following methods : 

(1) Action of sulphuric acid on naphthalene 
or on naphthalenesulphonic acids. 

(2) Elimination of the NHg radicle from 
najihthyhimmcsulphouic acids {cf. the 1 : 3- 
disulphonic acvl). 

(3) Exchange of the amino-group of naph- 
thylammesuljihonic acids for the SH or SO 2 H 
radicle, and oxidation of the resulting mercaptan 
or sulphimc acid {cf. the 1 : 2-di8ulphonic acid). 

Of these methods the first is of technical 
importance and by it ten naphthalenesulphonic 
aeids (two mono-, four di-, three tri-, and one 
tetra-) have been obtained. As sulphonating 

^ A second acid, possibly the 2 ; “-isomeride 
yielding an a-^iavhiholdxsMlphmiic anf^ ■when digested 
with 80 p.e. caustic soda solution at 200^', is also formed 
und(T these conditions, but no details are given by 
which it can be Ideutitied (Oehler, l.r ). 
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agent ^ sulphuric acid, monohydrate or anhydro- 
acid (oleum) is almost invariably employed. 
Chlorosulphonic acid is sometimes convenient 
on the laboratory scale, but for technical 
purposes its use, or the use of anhydro-acid to 
which common salt has been added, is disadvan- 
tageous {as IS also the salting out of a product 
by the addition of common salt to a suljihonation 
melt), owing to the deslructive effect of hydro- 
chloric acid, the by-product, on the metal of the 
containing vessel, or the press cloths of the 
filter jiress. 

Attention has been called to the fact that 
sulphuric acid, unlike other substituting agents, 
gives rise to /^-derivatives in amounts depimdmg 
on the temperature and duration of the reaction 
as well as on the quantity and concentration of 
the acid (c. j). -11 IJ). If tlu' conditions leading 
to the production of na])htlia]ene-/)-sulphonic 
atid or of nni>ht]ifilene-2 : ti- or 2 : 7-disulplionic 
acid, for exanqile, are considered, they show 
that of the four factors named the conci'iitration 
and temperature of tlu' acid exercise a }>re- 
pondi'iatnig mtluenci' in dctiTiiuning th(‘ rehitive 
])ositions whit'll tht' radit'Jt's will have 

assumed at the end of a sulplionation. 


The following table indicates the constitution 
of the acids obtained from naphthalene or from 
naphthalenesulphonio acids by sulplionation ; 
it also shows, by the use of vertical arrowheads, 
the change in constitution wdnch accompanies 
a rkso in temperature of the reaction from 0° to 
about 170’. The restriction of the.rmmber of 
naphthalenesulphonic acids obtained by sul- 
phonatioii to ten seems to be connected with 
the fact that in no ease lias a product been 
isolated from the sulplionation melt eontaimng 
two sulphonie grftups in positions relatively 
1 : 2- [oiiho ), 1 ; 4- (pum-) or I : 8- {peri-) to one 
another. Lati'r investigation may account for 
the existence of this limiting factor; it cannot 
be due to instability of these configurations except 
under conditions obtaining in the sulplionation 
melt, as mi|)hthalene-di-. tri- and tetra-sulphoiiio 
acids, ill which snlphonic groups ociuipy re- 
spectively thajO relative jiositions, have lieon 
jin'pared hy the third general method from 
naphthylaminesulphonie acids and are well- 
defined compounds. 

The na])hthali‘nesul[)honie acids are strong 
acids ; fhey decompose common salt, and those 
which contain two or more sulphomc groups 
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fuinish by this d('com{a)silion aeitl salts.* Like 
their alkali salts they an; easily soluble in water, 
but the li'ad, barium, and ealcium salts difliT 
much in solubility, and in some easei%atford a 
means of separating the eonstituents of « 
sulplionation melt Lroiu the alkali salts, 
crystalline ehloridi's, amides, and anilides with 
definite melting-jaunts, which serve to charac- 
terise the acids, can bo jirepared, and from the 
chlorides by distillation with jihosjihorus 
pentachloride chloronajihthalenes which serve 
to fix their constitution. • 

For the purpose of determining the constit- 
uents of a Hulphonation melt the sjmringly 
soluble a- and ^-naplitliylamine salts of naph- 
thalene- 1 ; 5-, 1 : 0-, 2 : <)- and 2 : 7-disuli>honic 
acids have been projiosed, as certain of them 
differ sufficiently in solubility in water or in 

^ In this article, * sulphuric acid,’ when not otlier- 
wlse distiuKuislicd, is ordinary coneentrnted (al)out 
98 p.c.) auiphuric acid of sp fir. 1'845 ; ' monohydrate ’ 
l« 100 p.c. suiphnne acid ; and * anhydro-acid ’ is 
fuming BUlphiirlc acid or ‘ oleum ' containing dissolved 
sulphur trioxlde, the proportion of which is given 
when known. 


acetone to admit of qualitative recognition 
(Aml)ler, ,J. lud. Eng. (Jhein. 1920, 20, 1081, 
1194; Ambler and VVberry, ihid. lOKfi). 

The industrial value of the naphthalene- 
, Huljihonic a(‘ids arises from thi' readiness with 
which they undergo change in directions such 
as the following : the loss of sulphonie groups, 
the exchange of these groups for radicles such 
as hydroxyl or cyanogen and the formation o^ 
substitution derivatives such as chloro- or nitro- 
i naphthalenesuljihonie acids. 

! Elimination of sulphonie groups may be 
achieved either by hydrolysis with phosphoric 
or sulphuric acid and sujierheated steam, or 
' with dilutcai ae-id under jiressure, or by the aid 
of sodium amalgam in the cold. In general, 

; suljihonic groujis in a-jwsitions are more easily 
eliminated than those in /S-poaitions (Fried- 
lander and Lueht. Bor. 1893, 2(), 3028). 

' Exchange of sulphonie groups for hydroxyl 
radicles is effected by fusion of the alkali salt 
with caustic alkali, or by digestion with caustic 
I alkali solution under pressure. The reaction 
takes place more readily with a- than with )8- 


>.L80: 
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sulphonic groups.. Should the naphtholaul- 
phonic acid produced contain a sulphonic group* 
in the 3-po8ition relatively to the hydroxyl, 
further change may occur, and hydrox 5 rtoluic 
acids or m-cresols (from m-hydroxytoluic acids) 
bo formed : 

S . OH OH 


AA AA 

sVv" "VV® 


"" HO v^OH 


With tetrazodiphcnyl or diazotised p-nitran- 
iline, naphthaJcnc-niono- and di-sulphonic acids 
form salts of only a moderati' degree of stability. ‘ 
In marked contrast with them is the acid salt, 


NO,-C«H,-N,-SO,-rjoH7 l-NaS03-0,„H; | ll^O 


whether obtained by the use of sulphuric acid 
at 40'^, or of anhydro-acid in the cold {Landshoff, 
1). R.-P. 50411) or of chlorosulphonic acid added 
to a solution of the hydrocarbon in carbon 
disulphide (Armstrong and Wynne, Chem. Soc. 
Proc. 1886, 2, 231). In the light of Euwes’ 
results {v. p. 413) these low-temperature pro- 
; ducts doubtless contained ^-acid, but in quantity 
' relatively so small as to escape recognition by 
the methods of detection then available. 

M ore rcficntly, the question of nionosulphona- 
tion has been re-examined, but the results, 
although of much interest, do not affect sub- 
stantially the conclusion just indicated. Fierz 
and Weissenbach show that when naphthalene 
is sulphoiiated at 0“ with twice its weight of 
sulphuric aeid, /?-acid is formed to the exkmt 
of at least 2 p.e. (Helv. ('him, Acta, 1U20, 3, 314), 
and Witt, whos(‘ jiaper includes an historical 


obtained from naphthalene-^-iiilphonic acid 
and diazotised yi-nitranilinc, which is non- 
explosive, can bo transported in the dry state, 
and under the name I'aranil A is largely used as i 
a developer in paia-red dyeing (Witt, 1). R.-P. 
264268; Eng. R. 1 1260 of' 191 3). i 

For technical purposes tho acids arc valuable 
ns souices of the najihtliols, of several najihthol- , 
sulphonic acids and of shveral nitronaphthalene- 
sulphonic acids, these nitro-acids fiirnisliing by 
roduetion naiihtliylamiiK'sulphonio a<-ids isomeric 
with those obtained from tho naphthylamiiies 
by suljilionation. 

The action of sulphuric acid on najihthaleno 
leads also to the formation of sniaU quantities 
of two dinaphthylsul phonos— tlie a/1'- melting at 
123“, and the at 177° (Sienhouse and ( Jroves, 
Per. 1876, 9, 682; Hofmann. Per. 1884, 17, 
1921 ; Krafft, Per. 1890, 23, 2364) 

Synthetic tanning matc'nals (e.q. Neradol 
N.T).) are obtained either by condensing form- 
aldehyde with tho mixed acids formed by the 
monosulphonation of naphthalene at 1.30°-140° 
or by healing tho condensation product of 
naphthalene and formaldehyde (r/. Padischc, i 
D. R -P. 207743; Eng. J\ 6831 of 1909) with j 
sulphuric acid at 80° until soluble (Badische, | 
D. R.-P. 2t»0965, 290966, 292531 ). | 

NAPHTHALENEMONOaULFHONTC AciDS. 

Infrodiictory. — According to tho conditions . 
employed, naphthalene on sulphonation with ; 
about its own weight of sulphuric acid yields a 
product ooiitniuiug varying proportions of a- 
and j8-monosulphoiiic acids and a small quantity 
of at least one disulphonic acid. Merz and 
Weith state that a mixture of naphthalene and 
* oulphuric acid in tho jirojiortion of 10 : 9 gave a 
product containing 8(> p.c. of a-acid and 20 p.c. 
of )3-acid when lieated for 3 hours at 100°, but 
only 25 p.c. of a-acid with 75 p.c. of fi-aeid 
when heated for a further 4 hours at 170°, 15 p.c. 
of the naphthalene being recovered in the first 
ease and 25 p.c. in the second. Also, that a 
mixture in the proportion 5 ; 4 heated for 8 
hours at 160° gave 80 p.c. of /3-acid, 30 p.c. of 
the naphthalene employed being recovered 
(Per 1870, 3, 195). At temperatures below the 
melting-point of naphthalene the monosulphona- 
tion product is said to be solely the a-acid, 

1 0/. Becker, D. R.-P. 81039. 86367, 89998 ; Fab, 
prod. Chlm. de Tliaim, D. R.-P. 92237, 94280 ; Badische, 
I). R.-P. 263431 ; Eug. P. 2037 of 1912. 


review ol tho suhji'ct, contirms Euwes’ state- 
ment of the compo'^iiion of the jiroduct at 161° 
(/.e.) by finding that at 165° the two acids are 
])r(‘sent in the melt in the ratio of 85 pts. of /S- 
aeid to 15 jits. of a-acid (Per, 1915, 48, 754), 

S (i.) Naphthalene- a-sulphonic acid (m//- 
/\ phonaphthubc acid) CjoH/SO;,!! is ob- 
I j I tamed by stirring (iriely powdered naphthal- 
V V enc with 1 '5-2 times its weiglit of sulphuric 
acid at 40°-5t)° until dissolvi'd, the temperature 
being raised to 70“ towards the mid of the opera- 
tion. Rare must he taken that the vessel is free 
from crystals of tho a-sulplionic acid from a 
jircvious ojicration, otherwise tlie mixture may 
solidify before sulphonation is conqilete. The 
i jiroduct, poured into a large bulk of w^ater and 
sojiaraled in tlu' cold froui unattacked 
naphthalene, is neutraliserl with lime and 
converted into sodium salt (Landshoff, l.c.). 
Or the sodium .salt may be separated by adding 
oommon salt to the melt diluk'd with only a 
small volume of water. 

Jf the ])uro acid is required, sulphonation 
may Ixi earned out at 0° with monohydrate 
(2 pts.), and thi; separation obtained by adding 
a crystal of tho a-acid to the melt may be freed 
from uncliangcd iiaphthaleuo by dissolution in 
water. From the filtrate, concentrated at 36° 
under, 20 mm. to a density of 1*29-1 '3, the 
a-acid ' separates as a crystalline mass, which 
can be furtlier purified by fractional precipita- 
tion from a highly eonecntralod solution by 
hydrogeiyehloride (Fierz and Weissenbach, I c.). 

, J d^'thftjica bon - Tha acid, HA-f 2 H 20 , forms 
small, easily soluble, non -deliquescent crystals, 
m.p. iX)", wiiKih cannot be dehydrated without 
decomposition ; the salts dissolve easily in 
water and crystallise in scales. 


OonwKisltion offSalt 
(Merz, Zeit (’hmn. 1808, 
tii ] 4, 394.) 

1 part of tlie salt dissolves in 

parts of watei parts of 85p.c. 
at 10“ alcohol at 10°. 

Potassium salt-f ^H jO 

13 (at 11°) 

108 (at 11°) 

Calcium „ -f2H20 

16*5 

19*5 

Barium „ d-HjO 

87 

350 

Lead 2 „ -hSHjO 

27 

11 


; * Comiiarc, how*ever, Euwes (Rec. trav. chlm. 

1909, 28, 303, 304), who assigns 2 H 2 O to the a-salt 
and to the g-salt a solubility In water only about one* 
‘ h^f that given by Merz. 
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The ammonium NH^A, and the zinc^ I zinc, cobalt,, nickel, copper aiyi cadmium Halts. 

cobalt, nickel, copper and cadmium salts, each [ e^ch with OHjO, have also been described 
with 6HaO, have also been described (Fierz and : (Witt, l.c.). The ferrous salt FeA^-f (JHjO forms 
Weissenbach, lx.). The chloride forms scales, I large glistening plates, sparingly soluble in cold, 
m.p. GT (Erdmann, Annalen, 1893, 276, 236), | readily in hot water (Ambler, J. Jiid. Eng. 
and the amide minute crystals, m.p. 150® j Chem. 1920, 12, 1083). The rA/onrft- forms scales. 


(Maikopar, Zeit. Chpm. 1869, [ii.] 5, 711). 

Iieactton,<i. — By sulphonation with anhydro- 
acid ill the cold, a mixture of the 1 : 6- and 
1 : d-disulphonic acidfi is obtained. Fusion with 
caustic ahiali converts it into a-naphthol 
Nitration furnishes mainly a-mlromiphthaleiu- 
H-,'iulph()Mr (tad. 

(ii.) Naphthalene-^-sulphonic acid is ob- 
tained by adding sulphuric acid gradually to an 
equal weight of naphthalene heated at KiO"', the 
mixture being stirred at this temperature during 
3 hours, then at 170® during an hour, and 
linally at 180“ for another hour. The prtxluet 
is converted into sodium suit either by neutrali- 
sation with lime after dilution, followed by treat- 
ment of the lilt-rato with sodium carbonate, or 
by salting out with common salt or sodium 
sulphate, or {cf. tBilmann, U. H.-P. 229637) 
crude sodium sulphite. The sodium salt ol the 
a-acid, being the more soluble, remains in the 
mother liquor. Other ways ot separating the 
fl-acid or its sodium salt have been proposed 
by Boulton (Eng. F. 4469 of 1894), Dennis who 
suggests extraction of the /1-acid from the melt 
by means of toluene (But. P. 109709), and 
Southcombe and Downic (Brit. P. 120405). 

To obtain the pure acid, 260 grams of 
naphthalene are kejit at 160® while 400 grams 
of 93‘7 p.c. sulfihuru! ucid are stirred in during 
15 minutes. Five minutes later the melt is 
poured into 300 c.c. of water, and from this 
solution the ^;acid (mixed with about 1 p.c. 
of sulphonc) separates in the cold as a crystalline 
mass, being salted out by tlie a-aei<l present. 'I'liis 
)9-acid, ]»urilied by dissolving 600 grams in .300 c.c. 
of water at 70®, and adding 100 c.c. of hydro- 
chloric acid (d. Id 9), separates as the trihydratc 
in lustrous scales (Witt, Bor. 1916, 48, 766). 

Identification.— Tho acid, HA 4 31120, forms 
non-deliquescent scales, m.p. 83®, from which 
the monohydrate, m.p. 124®, and the anhydroii.s 
substance, m.p. 91", which is soluble in tobienc, 
can be obtained (Witt, l.i .). The salts cry»talh.se 
in small scales, and, except those of the alkali 
metals, are only sparingly soluble in cold water. 

1 ii.art of the salt dlfsolved Ip 

(Jomposition of salt 

(Merz, Ic ] cf. Witt, I c.) iiarts of water parts of 8.5 p c. 



i 

at 10“ 

alcohol 10°. 

Potassium 8a]t4-ill2<^ i 

16 

116 

Calcium 

„ anhy- 



drous . 


76 

437 

Barium 

„ +H26' 

290 • 

1950 

Lead 

M -fH20 

115 1 

: 305 


The sodium salt, NaA, dissolves in 16*5 parts 
of water at 23*9® (E. Fischer, Ber. 1906, 39, 
4144) * ; the ammonium salt, NH4A, and the 

^ See footnote * on p. 422. 

* According to Cooke, tlie solubility of tho sodinin 
Balt In water is : at 25°, 6’58 g. ; 30®, 0’24 g. : 40°, 
7’98 g. ; 50°, 9'75 g. ; 65°, 14‘0 g. in 100 g. of somtion, 
but if sodium chloride 01 sulphate bo present in solu- 
tion to the extent of about 10 g. In 100 g. it is reduced 
practically to zero (J. 80c. Chem. Ind. 1921, 40, 56 t, 
239T), 


I m p. 78° (E. Fischer and Bergoll, Bei; 1902, 35, 
I 3780) and the amide sparingly soluble scales, 
; m p. 213® ((deve. Bull. Soc chim. 1876, lii.] 25, 
1 258). 

I Reactions . — On siiljdionation, it yields 

! initially the I : 6- and at 160 '-170® a mixture 
j of the 2 : (i- and 2 : l-disulphonic acids. Fusion 
I with caustic alkali converts it into ^-miphthol. 
Nitration furni.slH's a mixture of a-uHromph- 
fJialcne-Ci- and 1-sulphonic acidci in equal amount. 

NAlUITlUI.KNKDTSnLPHONIO AciDS. 

I 1 ufrodactorify -TJio four naphthalenedisnl- 
phonu* acids obtained by sulfihonation are tho 
j 1 : 5-, 1 : 6-, 2 : 6-, and 2 : 7- isomcrides, and 
: arc all hetoronuel«*al. 'I'he order in which these 
I acids make their ajipeara nee ui the sulphonation 
I melt as tho timipiTature rnes is clear so far as the 
i 1 : 5- and 1 . 6- compounds arc conei'rned, tho 
' former being first, but there is less agreement 
vvlK'ther tho 2 : 7- precede!^ the 2 : 6- isomerido 
j all hough the balance ot I'videncc seems to favour 
! this view. 

I (i.) Naphthalene 1 : 2-disulphonic acid is 

] formed from a-naphtbylaminc-2-8iilphonic acid 
i by conversion either into tho thionaphthol- 
j suliihoiuc acid (Bayer, 1). It.-P. 7029(5 ; Eng P. 
j 11465 of 1892 ; Arm.strong and Wynne, Chem. 

! Soc. Proe. 1893. 9, 11)8) or into the sulphinic acid 
1 (Cattermnnn, Ber. 1899, 32, 1156), and oxidation 
I of the, so compounds by potassium permanganate 
I in alkaline solution. 

I Identification.— 'Tho potassium salt (-f fHjO) 

j forms very soluble flat jirisms, and yields not a 
; chloride but an anhydride (prisms, m.p. 198°) by 
I interaction with pho.spliorus pentachloride (Arm- 
strong and Wynne, 7.C.). 

(ii.) Naphthalene 1 : 3-dlsulphonIc acid is ob- 
tain(*d from /S-naphthylamine-t> : 8-disulphonic 
acid or /?-naphthyIarame-5 : 7-di8ulphonic acid 
I by boiling the corresponding hydrazine with 
: cofiper .snl])hate .solution (Armstrong and Wynne, 
Chem. 80c. Proc 1890, 6, 13, 129), or from a- 
naphthylamine-2 ; 4-disulphonic acid by boiling 
its diazo- compound with alcohol (Hoohst, 
D. R.-P. 92082). 

Identification. — The barium salt, BaA 4 4HoO, 
potasmim salt, K2A4-2H2O, and tlie sodium salt 
are crystalline and very soluble in water. The 
chloride forms easily soluble prisms, m.p. 137®, 

; convertible into 1 ; ^-dichloromphtluilenc (Arm- 
strong and Wynne, l.c.). 

I Fusion with caustic soda con- 

verts it into a-mphlhol-^S-siilfihonic acid, 'but 
I digestion with 60 p.c. caustic soda solution at 
, 25()®-300® gives o-toluic acid (Kalle, D. R.-P. 
t 79028 ; cf, Friedlander and Riidt, Ber. 1896, 29, 
1011 ). 

; (iii.) Naphthalene-1 : 4-dfsulphonic acid is 

‘ obtained from a-naphthylamine-4-8ulphonio acid 
as described under tho 1 : 2- acid {cf. also Bayer, 

, D. R.-P. 95830 ; Eng P. 26139 of 1896). 
j Identification. — The potassium, KjA + 1 ^HjO, 

; and sodium salts are erystalline and easily soluble, 
i The chloride forms four-sided plates, m.p. 16<)® 
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(Armstrong and Wynne, Chem. Soc. Proc. 1893, I 
9,168). I 

ReaHion.—Wy nitration it is converted into 
a-vitronaphthnkne-lj : B-disvlphonic arid. 

(iv.) Naphthalene- 1 : 5-disulphonic acid (so- 
called Armdrorbg'' H acid] na]>1iihalrn€-\y-\di'<ul- 
plmitc acid of AriTiHirong and Wynne ; naph- 
thalenr-\h-\disnlph<rnir and. of Jieilstcin, Schultz, 
&c.) is fonned top(‘tlicr with the 1 : O-diBul- 
jihonic acid wh(“iJ 211 j).c. anhydro-at id is added 
gradually to one-iilth its weight of naphthalene 
in the (;old (AKtienges., |). K?-P. 45776 ; Eng. 1’. 
4625 of 1888). if four tunes the weight of .*10 ji.e. 
anhydivi- acid he used, and the ]iroduet poured 
into 4 ]iarls of water, a (piantitativi' separation 
of the J : 5-disulphonie aeid is obtained. Or, as 
aeid sodniin salt, the 1 : 5-disuli)honie aiud can 
be scjiaiated from the 1.; 6-isonieride by adding 
eornnion salt to the sulpluaiation ])ioduet 
(Ewer and I’lek, J). P. Anm. %]. 26>10). Jt is 
also obtained by the action of sulphuric anhy- 
drid(> or of ehlorosul])honie acid in calculated 
(|uantity on naphthahuK' (Armstrong and 
Wynne, Chem. ISoc. J*roe. 188<i, 2, 231 ; 1887, 
3, 42) 

Vtcpaiahon.— Dry sodium nn}>hthalene-a- 
inonosulj)honat(* is stirred into twici* its weight 
of anhydro-acid at 20^, and the mixture after- 
wards heated for an hour at 60''-7(t'. I'o tlie 
])roflutt, diluted with ten turn's its weight of 
w'ater, an eiiual volume of hot brine is added, 
and the aeid sodium salt, which sejiarates as 
the solution cools, is jiiirified by reerystallisation 
(Schultz, Chemic d. Slcinkolilenth.. 3rd ed., 1, 
189; cf. Encdlaiider and Kiclbasinski, Pei. 
1896, 2{», 2574). 

Identification.- Mlie and erystallisi's in \ery 
soluble lustiouH, -white, iion-hygroscitjuc scales. 
The lead salt, PbA-f .‘llEO. hanum salt, 
BaAd 41 LO, and calnnin salt, CaA-f 3H/), aie 
easily soluble in water, but wdien di'hydrated 
dissolve only %ery slowly in it, 3'he 'jHtta,sniini 
salt, K„A-| 2JJ20, in scales, dissolve.s in 8‘94 
jiarts of water at 12® ; the mdinm salt (-| 211 gt >), 
111 aeales, dissolves in 7 99 jiarts of -abater at"l9® i 
(Ewer and Pick, 1). K.-P. 419.34). The cliloridr 
forms needles or small prisms, m.p. 183", con- 
vertible into 1 : ry-dicliformiaphtlialcne (Arm- : 
strong, Ber. 1882, 15, 205). ' 

Reartionei.— i)n sulphonation, it yields the 
1:3; l)-insnlphantc and. Fusion with caustic 
soda converts it into a-naphthol-b-snlphomc and 
and I : H-dihijdio.njnajihihah nc. Nitration fur- 
nishes both a-mtro- and ^-nilro-wiplifhalcnc-4 : 8- 
disvlphonic and and eventiially 1 : (y-dimlru- 
luiphthaicncA : H-dimlphomc and. 

(v.) Naphthalene- 1 : 6-dlsulphonic acid [naph- 
ilial€nc-[y-'\disiilp}ioniC acid of Bcilstein and of 
Schultz) is formed together with naphthalene- 
1 : S-disiilphonic acid (q.v.) when naphthalene is 
sulphonated wdth 23 p.e. anhydro-aeid in the 
cold. It also occurs in the jiroduct formed when 
naphthalene is heated Mith 5 times its -weight of 
sulphuric acid at 160® for 4 hours? (Armstrong, 
Ber. 1882, 15, 204). Alternatively it is obtained 
when naphthalene is heated with 5 times its 
w^eight of monohydrate at 90®-110°, or with 
sulphuric acid at 99°, and subsequently with 
strong anhydro-acid at 110®-! 20® (Badisehe, 
D. P. Anm. B. 9514; rf. Bernthson, Ber. 1889, 
22, 3328 ; Schultz, Ber. 1890, 23, 77). I 

Preparation, — Dry sodium naphthalene-j8- I 


sulphonate is sulphonated^ with twice its weight 
of 25 p.c. anhydro-acid at the temperature of a 
water bath, and the product either mixed with 
half its volume of water, whereby in the cold 
most of the disulphonate separates as acid 
sodium salt, or is converted into sodium salt 
in the usual way. In the latter case, by con- 
centration of the solution to a relatively small 
bulk, the very .soluble sodium salt separates in 
eharaetenstic needles (Ewer and Pick, D. R.-P. 
45229). A jtiire product is also obtained when 
an excess of chlorosuljdionic acid is employed 
instead of anhydro-acid in the cold (Armstrong 
and Wynne, (’liem. >Soc. Proc 1886, 2, 231 ; 
ISS9, .5^ 10). 

Idcntijiralion.- 1’hc had salt, PbA-f 3^H20, 
ban inn salt, BaA 1 ami calcium salt, 

(’aA I dlloD, are readily soluble in v ater ; the 
'jiotanninu sail. IV 2 A i H.D, dissiihes in 3*4 parts 
and the fiodiinn salt, Na 2 A | 71l2<), m 3*34 parts 
j of waiter at 16’5". 'J'he chloride forms small 
prismatic aggregates, m.p. 129", convertible into 
! 1 . 6-r//f///o?o/wy>/dAa/cMc (Annstmng and Wynne, 

: (‘hem. Moe. Proc. 1886, 2, 232 ; 1888, 4, J06). 

Jlcactionic. — On siiljihonal ion, i< yields the 
1:3; (y-ln^ulpbonic and. l^hision with caustic 
soda conviTls it into J . {)~dihijdroxt/naphfha.kne. 

! Nitration furnishes mainly a-nit ronaphthakMe- 
\ 3 . '^-dMilplumK and, wuth jS-nifronaplithakne- 
j 4 • 1-difiiilphoiiir and as minor pioduct, and 
i cveniiially 1 :i\-dinilrona]ihthak'nc''i .^-dit^nlphon- 
i ir and. 

\ (vi.) Naphthalene ! : 7-disuIphonic acid can 

b(‘ obtaiiK'd from tt-na]»htliylamino-4 : 6-disul- 
I pliomc acid by boiling the corresponding hydra- 
zine wilb copper siiljiliate solution (Armstrong 
and WyiiiK', Cliem. Soc. Pioc. 1890, 6, 126). 

I Identifa atiou.- 'riu* po/r/s.via/a salt (-j-HjO) 
IS microcrystalline. 3'1 h‘ dilondc forms scales, 
' m.p. J22‘.5‘', c(tnvertib]c into 1 : l-dichloro- 
• najdifhaknr (Armstrong and Wyniu', l.c.). 

(vii.) Naphthalene- 1: 8-disulphonic acid is 
formed from a-na})htliylanijne-8-Bulphonic acid 
by oxidalion of the corresponding thionnphthol, 
as described under the 1 : 2-acid (Bayer, l.c. ; 
Armstrong and Wynne, l.r.). 

Jdc ihtijicntion. — The pota.osinm salt (-j-HgO) 
form? sjiaringly soluble four-sided scales, and 
yields'not. a chloride, but an anhydride (sparingly 
soluble prisms, m p. 227°) by interaction with 
pliospliorus pcntachloride (Armstrong and 
Wynne, ,/.r.). 

< (vjii.) Naphthalene 2 .- 6 disulphonic acid ([^-J 
naphthakncdiml phonic and of Ebert and Merz). 
Eor formation and preparation, n. najihthalene- 
2 : 7-disulphomc aeid. 

Idtnltjicaiwn. — The and forms small, de- 
liquescent scales, extremely soluble in water. 
3’ho normal salts (e. 2 : 7-acid) contain less water 
of crystallisatidn, crystallise less readily, and 
are less soluble than the corresponding salts of 
the 2 : 7-acid ; the lead, barium, and calcium 
salts of the 2 : 6-acid are characterised, more- 
over, by the slowness with which they again 
dissolve when once separated from solution. 
'J’he chloride forms small needles, m.p. 226® 
(Ebert and Merz, Ber. 1876, 9, 598), convertible 
into 2 : (j-dichhrunaphthalen.c (Cleve, Bull. Soc. 
ehim. 1876, [ii. j 26, 244 ; Armstrong and Wynne, 
Chem. Soc. Proc. 1890, 6, 127). ' 

Reactions. — On sulphonation it yields the 
1:3; l-lrisulphonic acid. Fusion with caustic 



NAPHTHALENE. 


alkali converts it into ^-mphthol-Q-sulphomc acid 
and, finally, 2 : 6-dihijdrox7piaphthale7he. Nitra- 
tion furnishes a-mtro- and 1 ; ^-dinitro-noph- 
thalene-'^ : 1 -dt.mlphomc anda, 

(ix.) Naphthalene-2 : 7-disulphonic acid ([a-] 
naphthalenedisulphontc acid), according to Ebert 
and Merz, is obtained, together with about an 
equal amount of the 2 ; (i-acid, when a mixture 
of 1 })art of najilithalene and .3 parts of sulpliurie 
acid is heated at IfH) ' for 4 liours ; wJien iieated 
at 180° for 24 liours, however, the same mixture 
gi\e8 a product consisting almost entirely of the 
2 ; (j-acid. Pure 2 : 7-acid, also, is converted 
into the 2 : O-acid by ])rolonged heating with 
sulphuric acid at 180° (Per. 1870, 0, 3!)3). 
Armstrong, however, found that the product 
formed by heating the mixture at 180’ for i 
24 liours^ contains a smaller proportion of the 
2 : 0-acid than stated by JPiert and Mcrz ; that ; 
a third acid, subs(!(|uerilly recognised as the ; 
1 ; 0-diHulphonic acid, is (m'sent in the 100° , 
melt; and that suljihoiuition at. 140' leads to ! 
the formation of a product dilTeriiig givatly ; 
from that obtained at 100°, owing, no doubt, 
to the presenc(‘ of an increased projiortiori of the j 

1 : 0-acid and almost (uitire absence of the i 

2 : 0-isomerid(' {rf. Her. 1882, 13, 204). j 

Pn paralioti.- {]) Naphthalene is heated' 
with 3 times its weight of suljihuric acid at 100° I 
for 5 hours, and the jiroduct converted into I 
calcium salt in the usual way. The separation ! 
of the isomeric disuljihonic acids can be based on I 
the very slight solubility in water ol the calcium 
2 : 0-disulfdionate, aftei' it has been dehydrated 
at 200°~230'’ (hlbert and Merz, l.c. ; c/'. Preund, | 
1). K..J^ 27840 ; Eng. P. 1009 of 188.8). Alter- 
natively, advantage may be taken of the difierenee 
in solnhility ol the calcium salts of the 2:0-, 

2 ; 7-, and 1 : 0 acids in concentrated brine, as 
the salt of the 2 • O-aeid is jiraetically insoluble 
in hot and cold, the salt of the 2 : 7-aeid moder- 
ately soluble m hot but only \<'ry sparingly 
soluble in cold, and the salt of the I : 0-aeid 
fairly readily soluble in cold brine (Landshoff, 
i). K.-P. 48058). 

(2) Two methods, in neither of which is 
reference made to the occurrence of J : 0-acid 
in the suljdionation product, have been deseijibed 
by Baum for thi? production and si'paratkm of 
the 2 : 0- and 2 : 7-acids (Jj. 11.- 1*. 01780) : — 

(,/) iSodmm naplith:d('nc-jd-siiIphonate (2.80 
kilos.) IS stirred into monohydrate (.300 kilos.) 
or sulphuric acid (000 kilos.) kept at 100 -170°, 
and afterwards heated at 180° for 0-8 hours. 
'I'he product, after dilution with water,, and 
conversion into cah mm snlt, is concentrated 
until the solution contains about 80 p.e. of the 
salt and then allowed to cool. By this moans 
the greater part of the salt of the 2 : 0-acid 
(52 kilos.) is separated. The filtralo, converted 
into sodium salt, is evaporated to dryness, and 
the salt of the 2 : 7-acid (200 kilos.) extracted 
by twice its weight of warm water, the .solution 
being allowed to cool to 20 licfore filtration. 
The residue (80 kilos.) is a mixture of the sodium 
salts of the 2 ; 6- and 2 : 7- acids, which may be 
worked up with the mixed sodium salt of a 
subsequent operation. 

(b) Potassium pyrosulphate (300 kilos.) is 
dissolved in fiised naphthalcne-;S-su]phonic acid | 
(250 kilos.) at lfi0°-105°, and the solution mixed 
with monohydrate (120 kilos.) also heated at 


I 1^'’-170°. By conversion of^the product into 
I potassium salt in the usual way and coueentra- 
j tion of the solution to a small bulk, the less 
I soluble salt of the 2 : O-acid (.34-00 kilos.) is 
separated from the more soluble salt of the 
; 2 : 7 -acid (386-390 kilos.), the yield of the latter 
being much greater than in the first ^iroeess. 

(3) Naphthalene va[>our is allowed to ascend 
a tower heated at 220 -280°, down which 
suljihuric acid de.scends over jichhlcs. The 
product, being subjected to heat during only a 
brief period, whefehy transformation into 
i.somenc acids is impeded, is said to consist of 
the 2 : 7-acid mixed with only small amounts of 
the 2 : 0-acid and some suljihunc acid (tlibbs, 
Ambler, and the .Seidin ('o., Brit. J*. 181970). 

Jdcntijicti I am.— The acid crystnllisi's in long, 
deliquescent neetlles, vi'ry soluble in water. 
8'he salts are more soluble and crystallise better 
than those of tile 2 ; 0-acid ; the composition 

01 the erystalline salts and the solnOility of the 
anhydrous .salts (1 jit ) of both the 2 :0- and 

2 ; 7-aeid.s in water at 18 ' aiv comjiared in the 
tjible (Ebert ami Merz, l.c.) : — 

li:TorIa-j I 

I*hAd 2H.,() easily j *PbA sparingly 

lUA I 2II2O 82-2(]9 ') ! BaAfH.“0 
(^aA-fOJP.O 0-2 I (*aA “ JO-2 

K2A|241.,0 ]-4 j K..A 1 9 '2 

Na..A 1 OlljO 2 2 | Na^A | U^O 8-4 (UP) 

'I'he chlondc forms four- or six-sided prisms, 
m.j). 158° (Ebert and Mm-/, J.c ) eonvortiblc* into 
2 . 1 -dtrhloronapliifailda' (Pleve, Bull. Soc. cliim. 
I87(), 1 11. 1 20, 244; Armstrong and Wynne, 
Chem. Soc. Pnx-. 1890, 0, 12). 

licdclions . — (111 sulj)Jionat)on, it yields the 
1:8: Vt-tri>iu I phonic acid, h'lision with caustic 
alkali converts it into fi-twphtliol-1-snlphmuc acid 
and 2 : 1 -dikydroiyna phthalcnc. Nitration fur- 
mshc.s 1 : ^-diniiroiuiphikaknt-^ ; d-disulphomc 
acid, 

NAimTllALIONETRlSrLPJlONJC AciPS. 

InPodncfory . — According to (Jurko and 
Rudolph, a naphthalenotrisulphonic acid is 
obtained by the sulplionation of naphthalene 
either with 8 times its weight of 24 p.e. anhydro- 
i acid at IHO", or with 0 times its weight of 40 p.o. 

I anhydro arid at 80"-10()'’ ; also by the sulphon- 
i ation of najihthalenemono- and di-sulpnonic 
I acids and their salts with a proportionately 
smaller quantity of anhydro-acid (B. R.-P. 
88281 ; Eng. P. 15710 of 1885). Two acids, at^ 
least, arc obtained by this process, the 1:3:5- 
trisulphonic acid, which is the chief jiroduct at 
the lower temjierature as Erdmann states (Bor. 
1899, 32, 3188), being replaced by the 1 : 3 : 6- 
ti’isuli^homc acid, the final tri.su I phonation 
product at the higher temjierature {cf. Eierz and 
iSchmid, Helv. Chira. Acta, 1921, 4, 381). As 
a third acid, the 1:3: 7-derivative, can be 
obtained by the sulphonation of naphthalone- 
i 2 : 0-disulphonic acid, its presence in the 
mixture, although not recorded, is at least 
probable. 

The naphthalenetrisulphonic acids in which 
two of the three sulphonic groups are relatively 
in the meUi- position yield hydroxytoluic acids 
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by digestion with caustic soda solution at 260° I 
(Kalle, D. R.-P. 9J201 ), and brown dye*?, possibly 
derived from them, by digestion with sodium | 
sulphide, sulphur, and water at 240° (Kalle, I 
D. R -P. 98439). I 

(i.) Naphthalene ! : 3 : 5-trisulphonic acid is | 
formed when sodium na})lithalene-l ; 6-disul- i 
phonate (z pts.) is heated eitlifir with mono- I 
hydrate (3 pts.) during one hour at 60', 07 p.c, , 
anhydro-acid (2-8 pts.) being then added ! 
gradually during a second hour at this Ouniiera- ' 
ture, and the mijvture afterjvards heated at 90° 
during a further 3 hours, or until disulphonate i.s 
no longer ])reei|ntated from a sample by brine 
(Ivalle, J). J*. Anm K. 11104; Kng. I\ 1041 of 
1894; Krdmann, Her 1899, 32, 3)88), or with 
20 p e. anhydro-aeid (ti ])tM.) the t^unjieraturo 
being gradually raised to 130° and maintaiiu'd 
at this jioint until sulphonation as tested b\ 
hrine is complete (Pisehesser, ^l>. P. Anm. h. 
7069; Bayer, 1). P. Anm. F. 7004; Kng. T. | 
17l41r of 1893), It is al.so formed by oxidising 
with permanganate the thiona])lithol or llie 
sulphinie acid obtained from ^-naphthylamino- , 
4 : 8-disu]phonic‘ aeid (Buyer, J>. Ji.-J’! 70290; ' 
Eng. P. 114(i6 of 1892 ; G'atteinmnn, Per. 1899, ' 
32, 1158). 

Idcnfijirado/i. -~Th« acid is \'cry soluble in 
water, and its belia\'iour recalls that, of the 
strongest non-volatile mineral acids ; tlie ■ 
sodium Salt, NUgA 1 41120, forms needles very ' 
soluble in water, but only sparingly so in ililute 
alcohol. The r/dondr, rliombu! prisms, m.]» 140° | 
(Fisoliessor, l.c. ; Oattermann, l.c.) is convertible ; 
into \ : Mrichloronaphthalcne (Kalle, Ic \ 

]). R.-P. 82603). 

Reactioim , — On sulphonation it yields uajih- 
thaleuf’-l : 3 , 6 ; l-tcinisal phonic w id. Fusion 
with cau.stio alkali converts it into a-naphlhol- 
3 : t^-diunlphonic acid and 1 : ry-dihiidro.i i/naph- ' 
ihaldU'-'^-HiiJ phonic acid, but dig('.«tion uith | 
strong caustic soda solution at 260" gives 
o-hydroxy-o-tohiic arid (Kalle, I). B.-P. 9I20I ; j 
Eng. P. 10669 of 1891), Nitration furnishes ; 
a-7iilro7Uip}dhalciwA : 0 : Mrimlphonic acid. j 
(ii.) Naphthalene- 1 : 3 : 0-trisulphonic acid is | 
obtained when sodium naphthalene- 1 : 0- or ' 
2 : 7-disulphonate is heated with twice its weight , 
of 24 p.c. anhydro-acid, the temjierature being 
raised gradually to 180 ’ {cf. Oiirke and Rudol])li, , 
1). R.-P. 38281 • Eng. P. 16710 of 1885 ; Bayer, . 
i), R.-P. 03016), or, mixed with 1:3: 6 tri- ' 
sulphonic acid, when iiaphtlialene or sodium 
naphthalone-/i-sul})hoiiate i.s hoak^d with 40 p.c. ' 
anhydro-acid at 160°-100 ’ (Gurke and Rudolph, i 
Ic.) and when iiaplithaleiie is heated with! 
3 ’5-4 times its weight of chlorosuljihonie. acid 
at 160° for an hour (Armstrong and Wynne, ' 
Ghem. Soc. Proc. 1887, 3, 140). It is formed | 
also by eliminating the amino-group either from 
a-naphthylamine-2 : 4 : 7-trisulphonic acid (Arm- 
strong and Wynne, C^hem. Soc. Proe, 1890, 0, 126) ' 
or from ^-naphthylamino-3 : 0 : 8- trisul phonic , 
acid (Drcasel and Kothe, Ber. 1894, 27, 2164). 

Preparation. — Monohydrnte (380 pts.) is 
added very slowly to naphthalene (256 pts.) at 
165°, the melt kept at this temporature for an i 
hour, then cooled to 76°, diluted with mono- 
hydrate (120 pts.) cooled to 60°, and mixed 
cautiously with 60 p.c. anhydro-acid (900 pt.s.), 
stirring l^ing continuous, and finally heated at ' 
166° for C hours to ensure complete conversion 


of mono- into tri-sulphonio acid, which wi^iout 
being isolated is then available for nitration. 
The yield of 1:3; 6-trisulphonio acid may 
amount to 60 p.c. of that calculated (Fierz- 
David, Dye Chemistry, p. 12). 

Identification. — The sodium salt NagA+SHjO 
forms very soluble needles and the chloride. 
small prisms, m.p. 194° (Armstrong and Wynne, 

l. c. , Dressel and Kotlie, I c.). 

/icor/io/w.— Heated with 60 p.c. caustic soda 
solution at 170 "-ISO", it yields a-nnphthol-3 : 6- 
dmiilphonic acid, but with 90 p.c. caustic soda 
at 260° 1 : O-dihi/dfO rifiia phthalcne-‘^-sulpho7UC 
and. Nitration converts it into a- 7 iilronaphthal- 
ntc-'S : 6 : phonic acid. 

(in.) Naphthalene 1 : 3 : 7-trisulphonic acid is 
obtained wdien .sodium naj)htha]c'ne-2 : O-disul- 
phonate (1 pt ) dissolved in monohydrate (3 pts.), 
IS heated with 60 ]).e. anhydro-aeid (1 pt.) on a 
water bath iintd a test, on addition of common 
salt, gives no separation of the disulphonate 
(( as.sella, D. H.-P. 76432). It is also formed by 
oxidising w’lth permanganate tbe thionaiibthols 
from a-na]»htliylaiiii]K'-3 : 7-disulplionic acid and 
/3-napbtliv laniwK' 6 : 8-disulphonic acid (Bayer, 
I). R.-P. 7029(); Fng. P. 11466 of 1892), and by 
eliminating the aiiiiiio-group from ^-naphthyl- 
a.inine-3 6 : 7-tnsulphoni(‘ acid (Dressel and 
Kothe, Ber. 1894, 27, 1203). 

Jdi nil (Ication.- The chloride forms largo 
])risms, ni p. J66"'-16(>‘’ (Diesscl and Kothe, l.c,). 

iiVm’bo/w.-' On sulpboiiation it yields naph- 
thaknr-] ; 3 • 6 ; l-ti'tia.snlphonic acid. Digestion 
with 60 p.c. eau.stic soda solution at 260° converts 
it into p-hijdio.rrf-o-tohnc acid (Kalle, J). R.-P, 
91201 ; Eng P. 166.59 of 1894). Nitration fiir- 
iii.shes a-niltona]>ht/tah 'ac-3 : 6 • 7 -in ^nJ phonic acid. 

(iv.) Naphthalene-1 : 4 : 8-trisulphonic acid is 
obtained by oxidising with jierimingaiiate the 
thionaplitliol or th(‘ sulphinie acid prepared 
from a-naphtbylainme-4 : 8-disulphonic acid 
(Bayer, I ).K.-P. 70290; Eng P 11406 of 1892; 
Gattermann, Ber. 1899, 32, 1150). 

Identification. — The chlondc forma clusters of 
needles, m p. 160"-167° ((Jatterniann, l.c.). 

(v.) Naphthalene 2 : 3 : 6 trisulphonic acid, 
obtained by oxidising woih permanganate the 
tbionaphtbol from /3-naphtby]amino-3 : O-disul- 
phon'v.’ aeid (Bayer, t.c. ; Armstrong and Wynne, 
Chem. Soc. Proc. 1893, 9, 168), is also the 
product formed by (Oiminating the amino-group 
from ^-naplitliy!amiiie-3 : 6 : 7-tri8u]phonic acid 
^DresseFaud Kothe, Ber. 1894, 27, 1202). 

Jdcnlifi('ulio7i.~-['he potassium salt (-pdHjO) 
IS niierocrystalline ; the chloride forms flat prisms, 

m. p. 200° (Armstrong and Wyime, l.c.). 

The following aciiis ; — 

(vi.) Naphthalene- 1 : 2 : 6-trisulphonic acid, 
(vii.) Naphthalene- 1 : 2 : 6-trlsulphonic acid, 
(viii.) NaphVialene-l : 3 : 8-trisulphonic acid, 
(ix.) Naphthalene ! : 4 : 7 -trisulphonic acid, 

obtained, like the 2:3: O-trisulphonic acid, from 
the eorrespondmg thio-a- or jS-naphtholdisul- 
phonic acids by oxidation, form sodium salts 
which are very soluble in water (Bayer, l.c.), but 
have not been further described. 

Naphthalenetetrasulphonic Acids. 

hUrodiictory . — Each of the two methods 
employed for the tetrasulphonation of naph- 
thalene has been stated to furnish more than one 
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tetrajsulphonio acid. Senhofer (Monateh. 1882, 
3, 111), by using a mixture of sulphuric acid with 
phosphoric oxide at 260° for 3-4 hours obtained 
a product which by fractional crystallisation of 
the mixed barium or copper salt furnished an 
acid now identified by Fierz and Schmid as the 
1:3:5; 7-tetrasuIphonic acid (Helv. Chim. 
Acta, 1921, 4, 381). With 40 p.c. anhydro-acid 
at 160° for 9 hours, or with chlorosulphonic acid 
(Bayer, D. R.-P. 40893), at least two tetra- 
sulphonic acids were said to be formed, and to 
avoid the production of isomerides, the 2 : 6- 
disulphonic acid re])laced na])hthaleiie in latiT 
developments of the process (Baycu*, 1). R.-P. 
79054; 80404; Eng. P. 25074 of 1893; cf. 
however, I). R.-P. 89242), furnishing, like the 
1:3; 7-trisulphonic acid under similar con- 
ditions, a tetrasiilphonic acid, the eliloride of 
which melted at 261°- 202° (Bayer, I). ]\ Anm. F. 
7224 ; Eng. P. /.r.). 

On reinvestigating the subject, Fierz and 
Schmid (Lc.) have reached the following con- 
clusions ; — 

(i.) That energetic sulphonation with 
anhydro-acid coumtIs naphthahuio into n 
mixture of the 1 ; 3 : (i-triHiiljihonie and the 
1 ; 3 ; 5 : 7-tetrasulphonic acids ; 

(ii.) That the 1:3: 5 : 7-dorivative is the 
only tctrasul])honic acid arising from the sul- 
phonation of naphthalene ; 

(ill.) That this tetrasiiljihonic acid is formed 
very readily in thi' melt, hut independently of 
the 1:3: (i-trisuljihonic acid unless by the use 
of only weakly fuming suljdiurie acid isomerisa- 
tion occurs followed liy further sulphonation.^ 

(i ) Naphthalene- 1 : 3 : 5 : 7-tetrasuIphonic acid 
is obtained when calcium iun»htiialene-2 : 6- 
disulphonate, dried at 290°, is hiiatcd with 
3 times its weight of 25 p.c. aiihydro-acid at 90° 
during 4 hours and then at 2(50 ’’ during 6 liours. 
The product is converted into sodium salt, which I 
can bo separated from a hot concentrated i 
solution by common salt as a heavy sand-like i 
precipitate (Bayer, J). R.-P. 79054 ; Eng. P. | 
25071 of 1893), j 

Idcnlijicaiion. — Tlud^ariii/nsalt BagA -j- MHjO j 
is effloresceni, that with 81120 is stable in the air ; 
(Fierz and Schmid, II civ. Chim. Acta, 192L 4, j 
381). The c/i/uridc forms very sparingly soluble, ' 
compact, cubical crystals, m.p. 261°-262° i 
(Bayer, D. P. Anm. F. 7224 ; Fierz and Schmid, ' 
lc.) 

Rvaciions. — Fusion with caustic alkaii con- ^ 
verts it into 1:3; bArihydroxijmfjddhalnui-l- 
sulp/wnic arid, but digestion with 15 p.e. eaustie ; 
soda solution lurnislies a-vuiMhol-d : 5 : 1-tn- ^ 
sulphonic acid and with 60 p.c. solution a mixture | 
of the isomeric 1 : ^-dihydroxynajyhtJuikne-d : 7- ' 
and 1 : d-dlhydrorynaphihaleV'e-S : 1 -disulplhmiic 
acids. It camiot be nitrated. • 

(ii.) Naphthalene-1 : 3 : 6 : 7-tetrasulphonic 
acid has been prepared by oxidising with per- 
manganate the thionaphthol obtained from 
B«naphthylamine-3 : 6 : 8-trisulphonie acid (Bay- 
er, D. R.-P. 70296 ; Eng. P. 1J465 of 1892). 

IderUificalion. — The sodium salt forms a very 
soluble granular moss. I'he chloride crystallises 

^ Fierz and Schmid further suggest that the simul- 
taneous formation of the tri- and tetra- suiphonlc acids 
accounts to a I%rge extent for the apparent loss of 
material In the production of H-acld from the trisiil- 
phonatlon melt, in which only the trisulphonic acid 
can be nitrated. 


in needles, m.p. 309°-310°, sparingly soluble in 
bedzene (Bayer, D. P. Anm. F. 7224). 

(iii.) Naphthalene ! : 3 : 6 : S-tetrasulphonie 
acid is obtained similarly from a-naphthylamine- 
3:6: 8-trisulphonic acid. 

Identijication . — The barium salt is only 
sparingly soluble, but the crj^stallinii sodxum 
salt easily soluble in water. The chlondr short 
prisms, m.p. 282°-283”, dissolves only very 
sparingly in lienzcne, but more rt^adily in acetone 
(Bayer, lc.). 


! III. Nitro- Derivatives. 

lutiodurtory. —'Wo aid ion of nitric acid on 
naplithalerie was first investigated by Laurent 
j (Ann. ('him. Phys. 1835, |ii.] 59, 376; cj. 
j Lautomann and Aguiar, Bull, kSoc. chim. 1865, 

I |ii.] 3, 261) who^descrihed a-nitronaphthalene 
j under tlie name nil ronu])h(}ialaso. it is now 
recognised that one mono-“, two di-, four tri-, 
and tJirce tetra- ^ iiitronajilithalenes can bo 
obtained from iiajihf lialeno by nitration under 
suitable eonditiori.s,^ the relation, shij) between 
them being shown in the sclieme (N is used for 
NO,) :- 
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From this scheme it will be seen that, unlike 
SO3H radicles in the presence of sulphuric acid, 
NO, radicles in nitration products of nitro- 
naphthalcno are found in J : 2-{oriho-), 1 : 4- 
{’para-), and 1 : S-(pcri-) positions. Further, as 
illustrating the difference between nitrobenzene 
and a-nitronaphthalene, it may be pointed out 
that whereas, by further nitration, the former 
yields mc/udiiiitrobenzene as chief product, the 
latter gives not the 1 : Z-(meta-) dinitronaph- 
thaleno but two hetnonuckal aa-dinitronaph- 
thalcnes. 

The nitronaphthalenesulphonic acids are de- 
scribed in this section, the nitronaphthylamines 

® Possibly acconipauied by a verv small amount of 
the isomeric /3-nitronaphthaIene (q.r.). 

» Five, if Dliar's 1 : 2 : 6 : 8- aud Aguiar’s tetranltro- 
naphthalcn^s be ineluded (7 »•)• 

* The extent to which nitration proceeds with a 
mixture of nitric and sulphuric acids in moioculai 
proportion depends on the relative proportion of water 
present : thus with from 0-20/26 p.c. of water, tetra- ; 
25-60 p.c., tii- ; 50-60 p.c., tri- and dl- ; 60-65 p.c., 
di- ; and in greater amount mono-nitronaphthalene 
(Saposhnikov, Chem, Soc. Abstr. 1915, 108, 1, 393). 
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and nitronaphth^ds in connexion with the corre- 
sponding naphthylamines and naphthola (q.v.). 

By reduction, usually with iron and dilute 
sulphuric acid, the nitronaphthalenesulphonic 
acids are converted into the corresponding 
naphthylamincsulphonic acids, which in not a 
few cases are of technical iniportance, being 
isomeric with those obtained from the najihthyl- 
auiinoH by sulj)lionation. 

Unlike nitrated hydrocarbons of the benzene 
series, the nitronuphtluilcncs arti of little im- 
portance as explosives. • Crude tetranitro- 
naphthalciK', for exanijilc, obtained by heating 
crude dinitronaphthalenc with 15 times its 
weight of n mixture containing ,’10 ]> c. of mine 
acid {s]>gr. 1-5) and 70 p.c. of sulphuric acid at ! 
a temperature not exceeding I.’IO” for an hour, ' 
is almost insensitive to detonation and per- 
cussion, and when lu'ati'd burns ipiietly with a 
smoky flame without cxplosiof^ (Escales, Nitro- 
sprengstolfe, ed. 101.5, 108, .’lOl). j 

Nitronaphthaoenes. ; 

NUa (i ) a NItronaphthalene, for labora- : 
AA t<‘ry ])urposcs, may Ik' prepared by i 
1 1 I adding very finely jiowderod naphlhai- ' 
VV ^ne (128 gr.'*) to a mixture of tiO p.c. 
nitric acid (103 gr ) and 80 p.c. sulphuric acid 
(300 gr.), stirring cimtinuously for (> hours at 
50'", and comph'ting the rc'action at 00" for one 
hour. 'Phe jiroduct, boiled with water to remove 
acid and unchanged naphthalene, may be freed 
from dinitronaphthalene, if jiri'Niait, by extrac- 
tion with carbon disulphide (c/. Beilstein and 
Kuhlberg, Annaleii, 1873, 100, 81). 

On the large scale, finely jiowdered naplithal- 
cne (2’.5 jits.) is added gradually through a sieve 
to a mixture of nitric acid of sji.gr 1 -38 (2 jits ), 
sulphuric acid (2 pts ), and sjient acid from a 
previous operation ((5 ]>ts ) ; the temperature 
being luaintainod at 45’-50'’ throughout the 
operation, and the nitration completed in one 
day When cold, the sjient acid is run off from 
the solid cake of nitroiia[)hthaleno, and the 
latter, after being washed witli liot wati^r, is 
either granulated by allowing it to flow in a 
thin stream into cold water (Witt, ('hem Ind. 
1887, 10, 210) or crystallised from solution in 
one-fourth its weiglit of solvent na])htha (I’aul, 
Z. angew. (diem. 1807, 10, 140). 'Phe nitiation can 
bo cfTected by mixing najihthalene with powdered 
nitre, and stirring the mixture into sulphuric 
aeid (Rbchst, T), 201023). To avoid tlic 

use of sulphuric aeid, and yit admit of the em- 
loyment of a weaker mtne aeid (sp.gt. below 
'3.3) than will attack naphthalene in its absence, 
an electrolytic method lias been proposed 
(Tryllcr, D. R -P. KK)417). 

Identification, — It crystallises in long, slender, 
lustrous needles, m.p. OP’ (Aguiar, Ber. 1872, 5, 
371), b.p. 304“ (Koninek and Alarquart, ihui. 
12), sp.gr. 1'33, and is practically non-volatiJe 
with steam. It is readily soluble m benzene and 
its homologucs, carbon disulphide, ether, or hot 
alcohol : in 87*5 p.c. alcohol, I pt. dissolves in 
35 ‘6 pts. at 16*". It is not an ^xplo8lve ; its 
vapour attacks the eyes and it is poisonous. | 

Itcactions , — With chromic acid in acetic aeid 
solution it is oxidised to ^-rtitrophthalic acid 
(Beilstein and Kurbatow, Annalcn, 1880, 202, 
217) ; with 5 p.c, potassium permanganate to 


: S-mtrophthalonic and 3-nitrophthalic acids (Fried- 
: lander and Weisberg, Ber. 1895, 28, 1642) ; but 
with cupric or ferric oxido and caustic soda 
solution at 250'" to a mixture of phthahe and 
hnizoic acids (Bindsch., I). R.-P. 136410 ; 
140999; Eng. T. 15527 of 1901). 

When boiled with ammonium sulphite 
solution it IS convm'tcd into a mixture of a-naph- 
thplaniinc-sulphamic and 4-snlphonic acids^ but 
! with sodium bisulphite solution into a-naphthyl- 
uminc-'l : 4-disaIj)li()inc acid mixed with a small 
amount of the 4-mono8ulphomc acid. Reduc- 
tion in aeid solution converts it into a-naphthyl- 
amini\ \^'lth excess of hy^drogen, in contact 
with linely di\ided cop])er at 330‘’-350'’, it also 
gives a-wijddhiflaitiinr, but with nickel at this 
temperature nut only a - najilithylammc but 
tctrahydronaphthalene amiiioriia ami naphtha- 
lene aie jiroducetl (Sahatn'r atul Henderens, 
Compt rend. ]902, J.35, 226). In alcoholic solu- 
tion with sodium amalgam, azoxymiphlhalcvc is 
formed (.Taworsky, J pr, (‘hem. 1865, 94, 285). 

iiy chlormation a mixture of 5- and H-chloro- 
a-nitronaphihatcn.c'i is obtained. On suJphonation 
with anliydro acid it yields a mixture of the 
a-miromijdithaUni 5-, (i-, and 1-sidphowc acids, 
the first named being the chief product. 

(ii.) ^-NItronaphthalene. The isolation of 
/5-nitrona})hthaicne from crude mouonitronaph- 
thaleno has y(‘t to be eontirmed although its 
production in the nitrafioii of naphthalene has 
Jong been thought proba’ole from the fact that 
technieal a-naphthylamine eoiitains /i-iiaphtliyl- 
amine in small quantity (Reverdin and Noclting, 
Sur la constitution de la naphtuline et do ses 
derives, ed. 1888, 33 ; Erdmann, Annalcn, 1893, 
275, 217; Weiler-ter-Moer, D. R.-T*. 205076; 
Rng. P. 16146 of 1907 ; cj. how'over, Witt, 
(’hem. Jnd. 1887, 10, 220; (Jain, Intermed. 
J*rod. for Dyes, 2jid ed. p. 185, footnote; 
Tetralin Co., b. R.-lk 332593). 

In contrast with na])ht.halene, tetralin (te- 
tra-hydronaphthalene) furnishes a mixture of a- 
and /1-monouitrotetralin, and from the latter 
/S-nitroriaphthalene has been prepared (Tetralin 
' (V)., i). R.-P. 332593). 

Pupa ration.- It can be obtained from 
2-nytjd-a-im})htbylamine by the diazo-reaction 
(Lelknann and Remy, Ber. 1880, 19, 23C ; 

I Lcllmami, Ber. 11:^87, 20, 891) ; in 7 p.c. yield 
from j3-diazona])hthalene nitrite by treatment 
, with cuprous oxide (ISandmeyer, Ber. 1887, 20, 
,1496); and, in 25 p.c. yield, from diazotised 
)S-iiaphthyIamine .sulphate by interaction with 
cuiv'ocupric sulphite and potassium nitrite 
solution at the ordinary temperature (Hantzsch 
, and Blagden, Ber. 1900, 33, 2554). 

; Idcnlifikation . — It crystallises from dilute 
alcohol in small yellow^ needles, melts at 79'", has 
an odour of t cinnamon, and volatilises only 
I slowly with steam. 

Reactions . — On sulphonation, it yields a 
mixture of fi-mtronapMhaltne-5- and S-sulphonic 
acids. By reduction in acid solution it furnishes 
fi-naplithylamine. When warmed with methyl 
alcoholic potash it gives 2-nilroso-a-naphthol. 

Nitron APHT iULENEMONOsuLPHONic Acids. 

Introductory. — The six nitjonaphthalene- 
monosulphonic acids which are known with 
certainty are a-nitro-compounds, and are 
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obtained either by the sulphonation of a-nitro- 
naphthalene, or by the nitration of naphthalene- 
a- or ^-monoaulphonic acid. The products from 
each of these sources are : 

[а) By sulphonation of a-nitronaphthalonc : 

NO2 NO., NO., 

AA AA " «AA “ 

Ml wM ! I ! t 

vv vv 

s 

(б) By nitration of iiaphtlialene-a-sulphonic 
acid ^ 

S NOj S S 

A A A A A A 

vv Vv vv* 

NO, NO, 

(c) IJy nitration of napiithalenr-jS-suIphonic 
nc‘i(l ; 

NO. 

sAA " kAA AA^; 

VV 'vv V'V 

NO, NO, 

The separation of the i.soineric acids obtained 
by these methods is not easy, and for tecJniieal 
jmrposes is not attempted, us the uaphthyl- 
ai)iuiesijlj)hotiie aeads, for the [)rodu(!tion of 
which they are made, e,in be isolated from tln^ 
respective reduction products with much less 
difhculty. 

On cornjianng these ])rodiicts of the nitration 
of naj)hthal(uiemonosul[)lionie aeids with those 
of naphtlialmuj-di- and tii-sulphoiiie acids 
(v. pp. 4;il, 432), it will b(; noticed that the 
former always, bid the latter only rarely, lur- 
rush Lsomendos; also that the; NO, ^roup can 
asHiime the 1 : or the 1 : H-(pcH-) but 
not the 1 : 2-(o/*//m-) posit i(»n ndatively to the 
iSO^H group. 

( 1 .) a-Nitronaphthalene 3-suIphonic acid 

(Olcve’s [y- h/dro//up////w//c//i ^iilphonic aetd),^ 
formed in small amount when sodium naphthal- 
ene-d-sulphonatc is nitrated (e. the (i-sulplionic 
acid), is obtained from the suljihonvl chloride l)y 
boding it with water (Clove, Ber. JHHt), i‘i, 
2179; r/ Armstrong and Wynne, Chem! Soc. 
Proc. IS95, II, 239).' 

Idt?itijirati07i — The lead salt l*bA,-h«3H,0, 
barium salt BaA,-f-3H,0, and pofa.ss‘yim salt 
KA, crystallise in sjiaringly soluble needlei^ 
The chloride forms needles, m.p. 149'\ convertible 
into I : '.i-dichlororuiphtfutlciip. Reduction •con- 
verts the acid into a iixipIdhylauiine-^-f^uljdionic 
acid (Cleve, I c.), 

(ii.) a-Nitronaphthalene 4 sulphonic acid, 

formed in small quantity by the nitration of 
sodium naphthalone-a-suljihonafti {v. the 8-sul- 
phonic acid), is isolated from the jiroduct by 
means of its chloride (Cleve, Ber, 1890, 23, 
959). » 

^ AccordliiR to Friediandor (Heuinann, Anilin- 
farben, 1898, li, 517), /S-nitronaphthalene-t-sulpbomc 
acid occurs in small quantity in the product from this 
source, but no description of tlic acid has Ixjen Riven. 

* In every case wliere the constitution of an a- 
nitronaphthalenesulphonic acid is given, the nitro- 
group is suppoqed to be In the position ‘ 1.’ 

’ Krdmanri^and Suvern did not succeed in finding 
tills acid amonR tiic nitration products of naphthalcne- 
«-Bulphonyl chloride (Aunalen, 1893, 275, 249). 


I Identification.-~The barium salt, BaA^-f Hj,0, 

I forms noodles soluble in 60 farts of cold and 
! 33 parts of boiling water; the calcium salt, 

I CaA,-{-2HgO, scales soluble in 37 j)arts of viator 
I at 17® and 10 parts at J00‘'; the potamnum 
\ salt, KA, needles ; and the noduum salt, 
NaAq-H^O, needles. The chloride forms prisms, 

, m.p. 99®. Reduction converts the*aeid into 
' a-iuiphthjjlamiiHiA-sulphonic acid ((’leve, /.c.). 

(ill.) a-Nitronapbthalene-5-sulphonic acid 

[CIlvc's [a-\acid) is obtained as child product 
(about 80 p.e.) whqji a-nitronaplitlialene is sul- 
plioiiated M'lth anhydro-acid ; but us minor 
product (20-30 p.e. ; the 8-sul})lionic acid) 
when sotlium naphtJialeiie-a-sulphonate is 
nitrated. It is said to be the only jiroduet of 
the interaction of anitrona})htlialene and 
ehlorosuljilionio acid (Arm.strong and VVhlliam- 
Non, Chem. fSoe. Proe. JSSO, 2, 233). 

Prepar(itiou.~^-{^) Finely divided dry a-nitro- 
napliihalene (20 ]tts ) i.s added to a mixture of 
sulphuiic acid (35 pts.), and 24 p.e. anhydro- 
aeid (25 pts ) at such a rate that the t emponiture 
does not use above 90®, and the mixture main- 
tained at this temperature during 8 hours or 
until sulphonation is complete. The product, 
[loured on to nil equal weight of ice, gives a 
erystallmc separation oRlhe [lure 5-sulphoiiio 
acid (Witt, Chem. Ind. 1887, 10, 218). From 
the mother li(|uor, the isoinene. (5- and 7-8ul- 
phoiije acids can he isolated by conversion into 
and fractional erystallisatjou of the nitro- 
uaphthalenesulphonyl chlorides (L’almaer, Ber. 
1888, 21, 3200). 

(2) The formation of dark resinous sub- 
.staneiis, iinavoidablo wdion a-aitronaphthaleno 
IS Huljdioiiated by auhydro-aeid, does not occur 
if fused salt is added to the acid in quantity 
Hullicient to convert the dissolved anhydridti 
into ehlorosulphonic acid. I'killowing this 
modified process, a-nitrona}ilithalemi (10 pts.) 
13 added to the mixed sulphurie and ehloro- 
sulplioiiie acids obtaiiu'd from 20 p.e. anhydro- 
acid (2<) pts.), and the mi.xture heated on a 
water-hatli until sulphoiiatjon is conqiletc 
(Frdmann, Annahui. 1888, 247, 315). 

Idenfijicatioii. — The ilA-f4H2t), cry- 

stallises in easily solulde pale yellow needles; 
the lead salt, FbA^-j-311.4), in scales; and the 
barium salt, BaAjVlllhi^^ spanngly soluble 
needles (Cleve, Bull. Soe. chim. 1875, [ii.j 24, 
510). The calcium salt, CaA2-f2Hj5C, forms 
sparingly soluble needles ; tlie potassium salt, 
KA-pli 4), hexagonal tables soluble in 25 parts 
of water at 17® (Frdmann, Annalen, 1893, 275, 
247) ; the sodium salt, NaAq-^lI^O, very soluble 
tables (Cleve, l.c.). The chloride needles, m.p. 
113®, 18 convertible into 1 : 5-dichloronaphthalen^ 
(Cleve, l.c.). 

iic«cfio/4.9.— Reduction in acid solution con- 
verts it into a-naphlhylamine-H-sulphonic acid; 
with sodium amalgam into a-naphthylamine 
1 (Claus, Ber. 1877, 10, 1303) ; and electrolytically 
I into \ -aminoA-miphthol-b-sidphonic acid, doubt- 
I less by transformation of the bydroxylamine 
first formed {cf. Ficrz and Weissenbach, Helv. 
Chiin. Acta. 1920, 3, 305). Nitration furnishes 
I : H-di ni lrouaphthalerie-5'S ulphonii acid. 

(iv.) a-Nitronaphthalene-0-sulphonlc add 

I [Cleve' s [B \acid. A mixture of this acid with 
about an equal quantity of the 7-sulphoi|ic acid 
forms almost the entire product of the nitration 
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of Bodium naphthalene-jS-sulphonate, the 3-8ul- 
phonic acid beilig present only in very small 
amount. A mixture of the 6- and T-sulphonic 
acids constitutes the minor product of the sul- 
phonation of a-nitronaphthalcne (v. the 5-sul- 
phonic acid). 

Prepc^ratirm.— (J) Sodium na])hthalene-jd-sul- 
phonate (23 pts.) is stirred into sulphuric acid 
(1J5 Jits.) at a temperature not exceeding 30^ 
the whole cooled to 0“, and a mixture of nitric 
acid (7 pts. IIJSIO3) and sulphuric acid then 
added at the nitration being completed 

at tliis tomjieralure. After removal of the (‘xeess 
of suljihuric acid by lime, the filtrate is used 
either for the isolation of the 0- and 7-8ul]»honic 
acids or for their reduction to the corresjiorid- 
ing a-naphthylaminesulj)honic acids ((’a.ssella, 
J). R.-J\ G70J7; Eng. 1‘. (it)72 of ]M‘M ; rj. \ 
B. R.-P. S50A8). 

(2) yodiiim naphthalene^9-sul})honate is 
stirred into cold nitric acid of sji.crr. 1-3, the , 
mixture warmed to comjih'te tin' nitration, and , 
the product conveiiod into banum salt. By : 
extraction of this salt with boiling water, the J 
greater part of the sparingly soJiihle <)-8ulphonat(' I 
remains undissolved. To sejiarate the remainder ' 
the filtrate, winch in addition contains the 7- and . 
3-i8oraerides, is evaporated to dryness, the , 
residue converted into (diloride, and this I'x- ' 
tracted by carbon disnljibide, in which the ! 
7-sulphonyl ehlornie is only siianngly soluble. I 
The (b and the 3-sul])honyl chlorides are lln'ti ; 
separated by fiaetional erystallisatioii from the ; 
solution (Cleve, Bull. Si'C. cbim. IH7(), (ii ] 2b, 
444; 1878, [n.] 211, 414; Ber. IHSb, 111, 2173; 
cf. Erdmann and ISuvern, Aiinnlen, J81)3, 27/), 
251). 

Identifiaition. — 31ic acid erystallises in ' 
readily soluble brown needles ; the harintn salt ■ 
BaAa-f-HuO in needles soluble in 782 parts of 
water at 22“ ; the calcium salt CaA24-H.2() in 
scales; the j^otanmun salt KA in tables soluble ^ 
111 29 parts of water at 20“ ; the sodtiini salt ' 
NaA+SHgO in crusts consisting of scales. The ! 
chloride forms prisms, m.p. 125 *5'', convertible 
into 1 : 5-dichloronaphihalcm (Cdeve, l.c.). 

Beactions. — Kediiction in acid solution con- j 
verts it into a-wiphihulaminc-d-itulpJmitc acidy \ 
and elcctrolytically into ^ -aniimA-naphthol-iS- 1 
ttulphonic acid {cf. Eierz and Weissenbach, l.c.). 
Nitration furnishes 1 : S-dimtro7haphihalcnc-ii- 
aulphonic acid. 

(v.) a-Nitronaphthalene-7-sulphonic acid 

{Clevc'a [d-\ or \B-]nilronaphthnlcncMdphonic 
acid ^) constitutes about one-half ol the product 
when cither sodium naphthalene- fi-siil].honate 
{v. the fi-sulphunic acid ; cf. C'asseila, 1). li -P, 
85058), or naphthalcno-^-sulphonyl chloride 
(Erdmann and ISuvern, Aniialen, 1893, 275, 238) 
18 nitrated, but is formed only in small amount 
when a-nitronaphthaleno is sulphonated {v the 
6-Bulphoiiio acid). 

Identification. — The acid forms brown 
needles, very soluble in water, but, unlike the 
O-sulpbonio acid, is almost insoluble in con- 

^ This acid was orifiinally termed [5-] by Cleve, and 
is so described in Ids eoniiiiunieatlon tu the Paris 
Chemical Society (Bull. Soc. clilm. 1878, [ii ] 29, 414). 
In the Swedish paper (Forhandl 1K78, 2, 32). whicli is 
pructirally identical w’ith iiie French, the term [0-] 
18 employed, since ‘ the acid yields a new dichloro- 
naphthalene wliich being the eighth known is dis- 
tinguished as 0 .’ 


i centrated hydrochloric acid, and less soluble than 
it in 33 p.c. sulphuric acid. The barium salt 
! BaAg-f 3IH2O forms granular aggregates of 
I needles, soluble, when anhydrous, in 377 parts 
I of water at 17“ but in 94 parts of boiling water ; 

. the calcium salt, very soluble needles ; the 
\ jiotnssium salt KA-f ^HgO, needles readily 
soluble 111 water; the mlium salt, spherical 
; aggregates of needles (Palrnaer, Ber. 1888, 21, 
32(11). 'Fhe chloride forms prisms, m.p. 169“, 
convertible into 1 : 1-dichloronaphthalene (Clove, 
Bull. Soe. chirii. 1878, fii.| 29, 414; Armstrong 
and Wynne, CJhem. Soc. Proc. 1889, 5, 19). 

lieactwns— Beduidion in acid solution con- 
' verts it into a-napht hy lam cm-1-suI phonic acid, 
and elcctrolytically into \-aminoA-naphihol-l- 
sul phonic acid {cf. Eierz and Weissenbach, l.c.). 
Nitration furnishes 1 : 5-dinitrona phihaletic,-! • 
aulphonic acid. 

(vJ ) a-Nitronaphthalene-8 sulphonic acid 

is obtained as chief product ((50- 70 ji.c. ; v. the 
5-.sijlphonic acid) when sodium na])hthalene-a- 
Bulphonate is nitrated. 

Preparation.- {{) Sodium naphthalene-a-sul- 
phouato (4 pts.) IS stirred into nitric aeid of 
sp.gr. 1 '45 (5 i)ts,), and the ])roduct converted 
into calcium salt. From the solution of the 
calcium salt, the greafer jiart of the 5-sulphonato 
IS separaU'd by concentration, tlie more soluble 
8-sulphonate being contained in the mother 
liquors (( 'leve, Ber. 1890, 23, 958). For technical 
j>ur])Oses the sejiaratioii is muiecessary, as the 
corresponding napht hylaminesulplionic acids 
difler to a much greater degree in solubility, and 
are more easily isolat'd {if. Nehollkopf, i). R.-P. 
40571 ; Eng. P. 15775 of 1885). 

(2) The acid can be oblauied by sliiring 
naphthahine-a-sulphonyl ehloride into 3 times 
its weight of nitric aeid of sj).gr. P475 at —5“ ; 
extracting the a-nilronajjhthfilene-4- and 5- 
sulphonyl chlorides from the product by carbon 
disulphide, in which the 8-isomeride is almost 
insoluble, and hydiolysiug tlie residue (Erdmann 
and Suvern, Annalen, 1893, 275, 237 ; cf. Keissert, 
Ber. 1922, 55, 8(52). 

Identification. — Tlu' acid forms needles ; the 
barium salt lhiA.,4 2JH2O, crusts; the calcium 
aalt^PaA2+4pi20, scales; the potassium salt 
KAFH2O, needles, or KA+2iH20, scales, all 
easily soluble in water. The chloride forms 
prisms, m.p. 161“ (Erdmann and Siivorn, l.c.). 

\ Reduction converts the acid into a-naphthyl- 
^amtw-^-au Iphonic acid. 

! (vii and viii.) ^ Nitronaphthalene-5-suIph(JBlc 
I acl^. mixed with the 8-sulphonic acid, is obtained 
I by sulphonating )S-nitroriaphthaleno with ico- 
I cooled anhydro-acid, and separated from it by 
I fractional crystallisation of the mixed chlorides 
I from benzene. The 5-sulphonyl chloride, prisms, 
i m.p. i27“, is more soluble iu benzene than the 
' H-sulphonyl chloride, needles, m.p. 1C9“-170° 
(Kappeler, Ber. 1912, 45, 634). 

I Nitronaphthalenedisulphonic Acms. 

Inlrodvcfory — The nitronaphthalenedisnl- 
, phonic acids are obtained for the most part from 
: naphthalenedisulphonic acids by nitration. 
With two of these acids, viz. the naphthalene- 
1:5- and 1 : 6-diaulphonic acids^, both a- and 
jS-nitro-derivatives are formed, the a-nitro- 
' disulphoiiic acid being the chief product ; — 
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but with each of the 1:4-, 2 ; C-, and 2:7- 
disuJphonic acids only one, and that the a-nitro 
acid, has been isolated : — 
iS NO 2 

AA sAAj:; 

V'V ‘'VV VV 

8 NO 2 NO 2 

(i.) a-Nitronaphthalene 3 : d-disulphonic acid 

[a-yicid ; Frciind\'t acid h obtained l)v 
nitrating sodniin na|)}ithalcnc-2 : 7-disuI]ihonaf(‘ 
(33 ]>ts.), dissolved in Hulphuric acid (.70 pts.), 
with .70 p.c. nitnc acid (2.7 ])ts.) in the cold. 
Or, if the jiroduct is lo be used for reduction — as 
the firesiMiee ot a nitronaplilhal(*ne-3 • 7-disul- 
phomc acid is tlien of no con,sec|ucnc(‘ -the melt, 
which also contains iuiphthale)K‘-2 : (i-disul- 
phonic acid, obtained by suljihonatimr naphtlinl- 
cne (1 pt.) with siiljiliunc acid (.7 ]iis.) at 100" 
for S hours, is nitrated with .70 jkc. nitiic acid 
(2 fits') m the cold (Freund, i>. ii.-V. 27340; 
Eng. P. 1009 of 18S3; rj. Armstrong and 
Wynne, Chem. Soc. Proc. 1895, 11, 82). Its 
chloride is formed, together with the 1 : 8- 
dinitronaphthalene-3 : 0-disul]dionyl chloride by 
nitrating naphtlial('nc-2 : 7-diMil]dionyl chloridci 
with nitro.sulphuric acid at the ordinary tem- 
perature (Alen, Hull. Soc. cliim. 1883, (ii.] 39, 03). 

Jdciihficalion. — I'lic aidd and .salts crystalliHC 
in small needles; the hainini salt HaA -) .5H20| 
is s[)aringly ; the 'potasKnon, salt K^A-f.TlPO 
and y^odium .saltNapV \ 01 1 aie readily soluble 
in water. The chloride forms iK'cdles, ni p. 
140"-141", convertible into J-3:0tm7//o/-o- 
7 utphlhilc)i>c (Ab'n, Forliandl. 1881, 2, 9.7 ; Fleve, 
Her. 1892,2.7,2487 ; Armstrong ami \Vynne, /.r.). 

Ecaciion-fi . — Kediiction in acid solution con- 
verts it into a-napht/iiflant i : ()-di,.sul phonic 
acid, and electrolytically into l-aminoA-7iii]ih- 
thol-^ : ^-disulphonic ax- id. With sodium amal- 
gam it give.s a-naphihjlanunc (Alen, Forhandl. 
1883, 8, 3). • 

(ii.) a-NitronaphthaIene-3 : 7 disulphonic acitf 
{AUii's [^-]acid) is obtained by nitration of 
naphthalene-2 • O^disuliihonic acid, as descrtlied 
for the 3 : 0-disulplminc acid (Freund, l.c.). Its 
chloride is formed, as solo product, when 
naphthaleiie-2 : 0-disulphonyl chloride is nitra- 
ted with nitroaulphuric acid (Ali^m, Bull. Soc. 
chim. 188.3, [in] 39, 04). 

Idc-ntification — The bariu m salt Ba A-f 2H jO, 
tablets; calcium salt FaA-F2HoO, needles; 
potassium salt KjA, needles; and sodium salt 
Na 2 A- 4 - 2 HjO, needles, are less soluble than the 
salts of the 3 : G-acid, The chloride (with 1 moL 
CjHg from benzene), forms prisms, m.p. 190"- 
192°, convertible into 1:3: l-tricMoroimphthal- 
eup (Al6n, Forhandl. 1884, 2, 95; Armstrong 
and Wynne, Chem. Soc. Proc. 1890, G, 13). 

This acid, like the 3 : 7-di8ulphordc arid, was 
regarded by Freund as a p-nitronaphtlialeue derivative. 


Reactions. — Reduction in acid solution con- 
verts it into a-napUhylamint-^ : 1 ‘disulphonic 
acid, and electrolytically into \‘amino-A uaph‘ 
thol‘3 : 1 -disulphonic acid. With sodium amal- 
gam it gives a-naphthylaminc (Alen, Forhandl. 
1883, 8, 21). 

(iii.) a Nitronaphthalene-3 ; 8-disulp]ionic acid 

is formed as chief product, together with some 
j8 - nitronaphthalcne -4:7- disulfihoriic acid by 
nitrating naphthalene- 1 : O-disulphonic acid or 
its salts (Schultz, Her. 1890, 23, 77 ; cf. Arm- 
strong and Wynne, (jliem. Soc. Proc. 1891, 7, 27). 

Vrcjiaralion. — Sodium liajilitlialene-jS-sul- 
phonate (50 pts.), sulfihonated with 2^-3 times 
its weight of 20 p.c. aiihydro-acul at 100", is 
cooled to 10“'- 15", and nitrated below 2.7" with 
nitric acid of sji.gr. IT (22T) jits.) during about 

2 hours (Ewer and Pick, I). K.-P. 52724). t)r, 
the jiroiluct obtained by suljilionating either 
naplitlm]ene(10 pts.) with monoliydraie (40 pts.), 
lirst at 80 ' 95" and then for 10 hours at 110", or 
najilithalciie-^-suIjihoiiic acid melt (20 pts.) with 
nioiioliydratc (20 fits ) at 1 10", is nitrated below 
2.7 ’ 3(F with 8'4 Jits, of nitric acid of sp.gr. 
1-38 (Hadisclic, J>. 1*. Aiim. H. 9514 ; Bonithsen, 
Her. 1889, 22, 3,328).^ Ow'ing to their sparing 
solubility 111 alkalis or briiu*, the alkali salts of 
the mtro-acid are easily separated from the 
nitration product after dilution with water, 
but the separation is unnecessary if the mtro- 
acid IS to be used for reduction to a-naphthyla- 
mine-3 • 8-disulplioiiic acid. 

It 1.S also obtaini'd, together with a-nitro- 
najihthaloiii‘-4 : H-disuljihonic acid and small 
quantities of the corrcsjioiiding /J-nitrodisuI- 
phoiiic acids, when the product formed by sul- 
pboiiating naphthalene (10 pbs.) with 23 p.c. 
anhydro-acid (50 pts ) in the cold is cooled with 
ice and nitrated with nitric acid or sp.gr. 1‘45 
(7 j)ts.). 'J’liis product is useful only for reduction 
to the amino-acids from which a-naphthylamiuo- 

3 : 8-<lisulphonic acid can easily be sejiarated 
(Aktienges, 1>. R.-P. 45770; Eng. P. 4025 of 
1888). 

Suits . — 'J’he .salts crystallise in easily soluble 
ru'cdJes ; the po(a.s-siiim salt K^A i.s almost in- 
soluble in dilute caustic, potash solution (Friod- 
landor, Her. 1895, 28, 1.7.35). 

Reactiouns . — Reduction in acid solution con- 
verts it into a-mijMhylamine-^ : H-disulphonic 
acid, but in neutral solution with sodium 
bisulphite it yields a-naphthylaminc-'i ; G : 8- 
tri.mlphonic acid Digestion with concentrated 
caustic soda solution furnishes the basic sodium 
salt of 4-ndroso a-vaphlhol-2 : 5-d'isvlphonic acid. 

(iv.) a-Nitronaphthalene 4 : 8-disulphonic acid 
is obtained, together with the 3 : H-disulphonic^ 
acid, when as already described a melt contain- 
ing the naphthalene 1 : 5- and 1 : O-disulphonio 
acids is nitrated (Aktienges, he.). It is also 
formed by nitrating naphthalene- 1 : G-disul- 
jihonic acid, and sejiarated from the accompany- 
ing )S-nitrona})hthalerje-4 : S-disulphonie .acid 
iq.v.) by means of brine, in which the sodium 
salt of the latter is the less soluble (Cassella, 
D. R.-P. 65997), Reduction converts it into 
a-7utphihyIanniie-4 : H-disulphonic acid. 

I (v.) a Nitronaphthalene-5 : 8 disulphonic acid 

■ 2 According to Fricdiander, the product obtained 

I by any of these raothodg contains at least four nltro- 
aeids, of whicn the «-mt.ronaphtlialenB-3 : 8-digul|)honlc 
' acid constitutes only about 40 p.c. (Heumann, Anllin- 
farbeu, 1898 , ii, 518 ). 
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is formed when barium naphthalene- 1 : 4-disul- j 
phonato (5 pt8.<^, mixed with sulphuric awid | 
(30 pts.), is nitrated at ]0°-15^ with 25 p.c. nitric j 
acicf (3 pts.). The product is free from isomerides | 
(Bayer, D. R.-P. 70857; Gatterrnann, Ber. 1800, 
32, 1156). Reduction in acid solution converts- j 
it int(j a-napJdhykmine-t ) ; H-disu, (phonic and. 

(vi.) ^-Nitronaphthalene-4 : 7-disulphonlc acid 
is formed, together with a nitronajdithalene- 
3 ; 8-disulphoriic acid, by nitration of najihthal- 
ene-1 : C-aisuIj)honic acid (Schultz, Bit. 1800, 
23, 77 ; Armstrong and , Wynne, Chem, Soc. 
Proc. 1801, 7, 27J. Reduction eoiiT'crts it into 
^■miphthylamim A : l-di.^alj.homr add. 

(vii.) fi - Nitronaphthalene-4 : 8 - disulphonic 
acid IS obtained wJien naphthah‘iie-1 : 5-dLsul- 
phonic acid (28 pts.), sufajieiided in well-cooled 
sulphuric acid (00 jits.), is nitrated with a 
mixture of nitric acid of sji.gr. I -42 ^ (10 ])ts.) 
and sulphuric acid (10 pts.).. The produiit is 
poured on to ic(', and soda (40 pts.) added to 
separate tlie ^-salt from the more solubh' a-sult 
(Cassella, J). R.-P. (55907). Reduetion converts 
it into ji-mphthylayhiH'CA : phonic add. 

NnttoNAi’iiTiiAT.KNETiasni.riio^^ir Ai ins. 

Three nitronaphlhahmetiisiiljihonic acids 
are obtained from tlie corresponding naph- 
thalenctrisuljihonu! aculs by nitration 


NO,. 

8 NO., 

« NO. 

AA “ 

AA^ ‘ 
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and two of them, the 3:6:8- and the 4:6:8- 
isomorides, are imjiorlani in eoiuK'xion nith the 
manufacture ol the 11- and K- (aminonajihthol- 
disulphonic) acids. 

(i.) a-Nitronaphthalene -3:5:7 - trisulphonic 
acid, formed when sodium naphthalene-1 : 3 : 7- 
trisulphoiia(,<“, dissolved in sulphuric acid, is 
nitrated at 15"- 20 ', can be se]»ara(cd by the 
addition of salt to the jiroduet after diiution 
with water (C'assella, 1). R.-P. 75432) Reduc- 
tion converts it into a-naphihylammc-i :b : 7- 
trisidphonic acid. 

(ii.) a-Nitronaphthalene -3:6:8 trisulphonic 

acid is obtained by the nitration of na]>iithalene- 
1:3; 6-tri8ulj)honic acid. For teebmcal pur- 
poses, the melt obtained by suljihonating najih- 
thalene-1 : 6- or 2 : 7-disulphon)C acid is cooled 
to 25''-30", and nitrated at this temjierature 
wdth the calculated quantitv of nitric acid 
(Koch, 1). R.-P. 5605S ; Eng P. 9258 ot 1890). 

8alt,<. — The lead PbjA24-8H2G ; barium 
BapAj-f- ! f'Odium Na^A-fOIRO; and 
aniline BaA-t-2ATi X) salts crystallise in neialles 
(Fierz and Schmid, llelv. (’him. Acta, 1921, 4, 
381). 

Re, actions . — Reduction in acid solution con- 
\&ti»\imio(umiphthylaminc-'6 : 6 ; H-irisulphonic 
acid*. Digestion with ammonia at 16t)‘’-170^' 
furnishes ^-naphlliylannne-^ : 6 : H-trisulphonic 
acid, nitrogen being eliminated 

(iii.) a-Nitronaphthalene-4 : 6 ^ 8 -trisulphonic 
acid is produced by the nitration of sodium 
naphthalene - 1 : 3 : 5 - tnsulphonatc, the tri- 
sulphonic acid melt formed by suljihonating 

^ III Cassclla’a patent, 90°Bi'. Is given, presumably 
a misprint mr 40“ B6, 


naphthalene- 1 : S-disulphonic acid (1 raol.) with 
anhydro-acid being diluted to a density of 
66*Be. at 15®, cooled to 5®, and the calculated 
quantity of nitric acid (1 mol.) mixed with 
sulphuric acid addl'd at this temperature 
(Bayer, D. P. Anm. F. 7004; Eng. P, 17141 c 
of 1893 ; cf. Kalle, D. P. Anra. K. 11104; 
D. R.-P. 82563 ; Eng. P. 1641 of 1894). Re- 
duction converts it into a-naphthylamine- 
4:6: H-trisulphonic and. 

] hNlTllONAPHTHALENES 

J nt rod uciory . — 'two dinitronajihthalcnes, the 
1 • 5- and 1 : 8-compoiinds, are obtained wlien 
iui])hthalene or a-iiitrona])hthalene is nitrated 
with strong mtrie aeid or with a mixture of 
nitiie and sul[)huiic aeids. The proportion in 
which tliey are formed vanes to some extent, 
bii( may be taken as 1 to 2 (Friedlander and 
Scherzer, Chem. Zentr. li)00, i., 410), although 
j aecording to (jlassmariii, wdio used more con- 
ei'id, rated aeid mixtures, the best yield of 1 ; 8- 
diiiiti'oiiajihthalene (about 70 p.e.) is obtained 
only when tbi' ti'iiqieiature beyond the stage 
of mononitration is the lowest possible (Rer. 
1896, 29, 1241, 1521). 

NO., (i.) 1 : '3 - Dinitronaphthalene 
A A {\y-]dnidrona]>hl, hall lie) is jirejiared 
' ' by boiling diazotised 2 : 4-dinitr()-a- 

VV' “ najihthylamine with alcohol. The 
statement that it is a product of 
the nitration of najilitlialene (fjo('b.st, I).R,-R. 
96227 ; cf. Bictet, (’om])t Rend. I8J)3, 116,815) 
was not confirmed by Fricdlund»'r (Bi'r. 1899, 
32, .3531). It crystallises from chliite alcohol in 
bright yellow ni'i'dles, m.p. 144 ' ( Liebermann 
and Hammeisehlag, Anuak'ii, 1876, 183, 274 ; 
cf. Friedlander, Rer 1895, 28, 1951). 

I ( 11 .) 1:5- Dinitronaphthalene {\a-]d'tnitro- 
naphthalene) is obiaineil as minor firoduet, 
togethi'r wuth the J : S-compound, when a- 
nitronaplithaleno (10 pts.) dissolved m sul- 
phuric aeid (60 pis.) is nitrated at 0® by a 
mixture of nitric oeid of sp.gr. 1-4 (6‘2 })ts.) 
wutli siiljihunc acid (26 pts.). The solution, 
at first red, becomes white owing to the separa- 
tion of the mixed dinitronajihthalenes as a 
tliie*ij: magma, which when dry melts at about 
140®. f’o isolate its constituents, this solid 
product IS not lernoved from the spent acid, 
but at the close of the nitration is heated with 
it at 8(f -90® until completely dissolved and the 
J solution then cooled to 20®, whereby an almost 
; conmleto separation of the J : 6-isomeride is 
j acliR'ved. From the filtrate, the remainder of 
I the nitration product is precipitated by the 
j addition of water, and the 1 : 8-derivative 
1 extracted from the dried precipitate by pyridine 
, in which S-dinitronaphthalene is only 
! sparingly soluble (Friedlander, Ber. 1899, 32, 
3531 ; kalle, D. R.-P. 117368). The removal 
, of tlie 1 : 8-derivative can also be eflEected by 
! extraction of the dry nitration product with 
I acetone (Beilstcin and Kurbatow, Annalen, 

I 1880, 202, 219), chloroform (Darmstadter and 
! Wichelhaus, Annalen, 1869, J62, 301), benzene 
I (Aguiar, Ber. 1870, 3, 29 ; Beilstein and Kuhl- 
berg, Annalen. 1873, 169, 85), or acetic acid 
I (Aguiar, Ber. 1872, 5, 372). 
i Alternatively, the mixture oV dinitronaph- 
, thalenes (200 pts.), obtained technically in the 
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form of a 60 p.c. paste, is heated at 80°-90’’ 
during 5-6 hours with 40 i).c. sodium bisulphite 
solution (740 pis.) and 25 p.c. ammonia (140 
pts.), and tlie insoluble i ; 5-dinitronaphthalenc 
then removed by filtration. In this case the 
filtrate contains not 1 : 8-(bnitronaphthalenc, 
but a-naplithYlsulphamino-4 : 7-di- and 2:4:7- 
tnsulphonic acids arising from the interaction 
of this dinitro- compound with the bi.sulphitc 
(Hochst, D. R.-P. 221383). 

Properties . — 1 : 5 - Dinitronaphthalene cry- 
stallises from acetic acid in .«iix-.sided yellow 
needles, m.p. 21 6'^"’ (Agmar, Per. 1872, 5, 372). 
It is only sparingly soluble in the ordinary 


j and 2:4: 1-trmdphonic acids (whence by 
I hy^lfolysis the corresponding rf-naphthylamine. 
sulphonic acids are ootained), but boiling with 
1 sodium bisulphite solution furnishes 1 ; 8- 
dmminmmphthnlenetrisulphon ic acid. 

I When heated with 12-23 p.c. anhydro-acid 
j at40“-~50'\ it yields ^i-nitroA-nitroso-a^naphlhol, 
\ but if it bo heated with sulphuric * acid and 
; reducing agents, .such as aniline or tin or iron, 
or its solution in sulphuric acid bo ch'ctrolysed, 

: a nnphthnzarin intermediate proiinct is formed 
i.somcric with that iifitajned from 1 : ri-dinitro- 
naphthalene. 


solvents, and ]>racticiilly insoluble in carbon 
disulphide or cold nitric acid. \\'ith phos])horus 
pent.ichloridc it yiehls 1 : H duhloronaplitJialtne ' 
(Atterberg, Pit. 1876, 9, 1188, 1730). 

Pearlions. — Reduction vitli alcoholic am- I 
monium sulphide converts it into fi nitro-a- I 
naplithylamine and 1 : tj-duiminonaphthnlem , but. j 
in acid solution only the lattei is obtained, j 
Digestion with amnioninm sii)[diite or sodium ! 
bisulphite .solution furnishes 1 • 6-daim\nonaph- i 
thalenedtsulfthovic aad. j 

When hi'ated villi 12-23 p.i*. anhydro-acid i 
at 40' -50’ it yu'lds H nitto-l nitroso-a-naphthol, \ 
but if a reducing agent, such us siiljdim or zinc i 
be jiresent, a napltthazann intr) mediati product 
IS formed fiom ulucli najihthaznnn (.5*6- 
dihydroxy-[a-]na]>htl)aquinom ) can be i.solated. 

(Ill ) 1:6- Dinitronaphthalene (|S-}/iai//o- 
vaphthalene) is obtaineil by boiling dia/otised 
1 ; 0-tlinitro-^-riaphthylamine with alcohol, it 
crystallises from alcohol in bright yellow needles, 
m.p. 161 ’5" (Draebe and Dieus, Per. 1881. 17, 
1170; Kehiinann and Matis, Her. 1898, 31, 
2419). 

(iv.) 1:8- Dinitronaphthalene {\|^■]duntro- 

nnpItthnleiK) is tlii! major pioduct of tlie dini- 
tration of najihthaleiu'. For its jmnfication, | 
V. 1 : 5-dmitronaphlhaI(>ne, 

Properties. — 1:8 - Dinitronaphthalene cry- 
stallise.s in large, yellow ihombic plates, m.ji 
170" (Aguiar, Per. 1872, 5, 372). In ordinary 
solvents, and in concmitrated suljdiuric aeid, it 
is more soluble than the 1 ; 5-compound. 
Accoiding to Peilstein and Kiihlberg (Annajpn, 
1873, 169, 86), one part dissolve.s in 91-4 pai-t.s 
of chloroform, in 530 parts of 88 ]).c. alcohol, 
or in 139 jiarts of benzene at PF : and according 
to Fricdlander (Per. 1899, 32, 3531), 1 part 
dissoh'c.s in l(i jiarls of cold or in J-5 pfrts of , 
hot pyridine. With pho.sjdiorus pentachloride 
it yields 1 : H-dichloronaplithalenc in srnall 
quantity, the cliief y rodiict being 1 : 4 : 8-/ri- 
chlororuiphthalene (At! (i berg, Ber. 1876, 9, 1188, 
1732). 

Pcactions . — Reduction in acid solution con- 
verts it into 1 ; %-diam\non<iphihnlc7it!. J tigestion 
w'ith sodium ^ or aramoninm sulphite solution at 
7O"-90", the alkali set free being removed as 
formed, yields a-7iaphthylsvlphamirwA : 1-di- 

^ Blue, violet, or black dyestuffs are obtained when 
1 : 8-dinitronaphthaleiie is iicated with alkali, sodium 
bisulphite solution, and reducing agents, such as 
glucose (Badlsohp, P it -9. 71J208 ; Eng P. 10906 
of 1893 ; P. K.-P. 88230 ; Eng. P. 7760 of 1890), 
milk sugar, sodium stannite, or sodium sulphide 
(Badiache, P. K.-P. 92471 ; Eng. P. 20250 of 1890) ; 
or oniitting alk^i, with sodium sulpfilde (Badische, 

D 11 -P. 84989 r*Eng. P, 10996 of 1893; P. B.-P. 
8^47 ; Eng. P. 22603 of 1894), or sodium disulpliidc 
(Hdchst, D. B.-P. 117188, 117189). 


DinITHON Vi’nTIlALkNlSMONO.SITLl’lJONIO Ac'IDS. 

(i.) 1 : 5 Dinitronaphthalene-3- (or 7-) sul- 
phonic acid i.snhtaiiK'd when a-mtronaphthalene- 
7-siily)homc acid, dissolved in sulyihuric acid, is 
nitrated at 0 ’--15 and common salt added to 
the pioduct aftiT dilution with water (Casaella, 

D. li.-l*. 85058). It i.s also stated to bo formed 
when 1 : 5 iluutionaphtlialene, dissolved in 
6 time.s its weight ot monohydrate, is heated at 
100' 1 10' with rather more than twice ibs 
weight of 20 p.c. anhydro-amd (Hochst., D. R.-F. 
117268), hut according to Kcksiein this dmiiro- 
najihthalene is not sulyilu^uited by 15-25 yi.c. 
anliydro-ucid at 1407 and at higher temjicira- 
tiires or with strongiT acid is de.stroyed (Bor. 
1902, ,3.5, 3403). 

Id( nlifirafton, —'rhe sodium salt forml 
needles, soluble in 12 yiarts of boiling water ; 
the (filondr yirisms, rn.]). 118 ' (Hochst, l.c.). 

]{<action,s.- itofluction coruerts it into I : 5- 
diannnonap/it/iati neA-sulpfionic acid, hut di- 
gestion with sodium sulyihito or bisulphite 
solution gives a 7ii tro- a~ imp fith yla mi nesvl phonic 
acid. With anhydro-acid in yiresencc of a 
reducing agent, a .soluble blue ‘ internu'diato 
product ’ is obtamial which yields a iiaphthaz- 
armsulphonic acid when boiled with water. 

(ii.) 1 : 8 DinltronaphthaJene-3- (or 6-) sul- 
phonic acid is fornu'd, together with the 1 : 5- 
dnntro-acid, when sodium nayihthalene-jS- 
.sulphonate, di.ssolved in suljihuric acid, is 
dinitrated below 10', and is yirociyntated by 
.stirring the product into twice its volume of 
brine, the 1 : 5-isom(*ride remaining in solution 
(Oa-ssolla, D. R.-R. 67017 ; Eng. P. 6972 of 1891 ; 
j). R.-15 85058). It 18 also yDroduced when 
1 : S-dinitronaphthalene, dissolved in mono- 
hydrate, is sulphonated at 1()0"-1]0" with twice 
ht.s w^cight of 20 p.c. anhydro-acid (Hochst, 

D. R.-J*. 117268; Eckstein, Ber. 1902, 35, 
3403). 

Identification. — ^'J’he barium salt BaAj -1-5H jO ^ 
soluble 111 8'5 parts of boiling or 20 jiarts of cold 
water (Eck.stein, l.c ) ; the calcium salt CaAj 
+ 2 H 2 O; the pota.ssium salt and the sodium 
salt NaA d-HjD, soluble in 6-5 parts of boiling 
water, crystallise in needles. Idle chloride forms 
monoclinie prisms, m.]). 143' 144'^ (Hochst, l.c. ; 
cj. Hellstrora, Forhandl. 1888, 10, 613). 

(lii.) 1 : 8-DinitronaphthaIene-4- (or 5-) sul- 
phonic acid is formed when the rnoiiosulyihona- 
tion yiroduet of a-nitronaphthalene, consisting 
chiefly of the 5-Hulphonic acid, is nitrated at 

* If sulplmrctted hydrogen or antimony sulphide 
be used with the sulphuric acid, black dyestuffs are 
formed, which iiy interaction with sodium thiosulphate 
give violet shades (Badische, D, B.-P. 1 14264 ; Eng. P. 

890 of 1900 ; D. B.-P. 147946 ; Eng. P. 1864 of 1903). 
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l6®-20®, and th^ 1 : 8-dinitro-acid separated by i 
stirring the mixture into brine {Cassella, D. R.^P. 
70019 ; Eng. P. 4613 of 1893). 

(iv.) 2:4- Dinitronaphthalene - 8 - sulphonic 
acid is obtained when naphthasultam or 2:4- 
dinitronaphthasultam is heated with fuming 
nitric acid (Daniierth, J. Amer. Cliem. Soc. 
1907, 29, 1327). 

DlNITRONAl'IITHALENEDISULniOMO AciOS. 

(i.) 1 : r)-Dinitronaphth»lene-3 . 7-disuIphonic 

acid is obtained when sorljum napl)thalone-2 : 6- 
disulj)honalo (or a-nitronaphthalene-3 : 7-disul- 
phonate), disHolved in suljdiuric acid, ih dini- 
trated (or nitratefl) at 20^ -30°, and the jirodnct 
salted out ((Cassella, J). R.-P. 6IJ74; Eng. P. 
15.346 of 1890 ; rf. OehJcr, II. P. Aiini. 0.' 1430 ; 
Payer, 1). R.-P. J 2(51 98). 

React iov.'i . — Rctluctiori iti ivcid aolulion con- 
verts it into 1 : ^^-diamnunmphtlmlene-W : 7- 
disvlphomc acid. When dissolved in mono- 
hydrate and heated at 50"* with a solution of 
sulphur in 20 p.c anhydro-acid, it gives a blue 
mordant dye of the nu jihthazanu ‘ intermediate 
])roduct ’ tyjie (PayiT, l.c.). 

(ii.) 1 ; 6- Dinitronaphthalene- 3 : 8-disulphonic 
acid, obtained by nitration of a-nitronaphthalene- 
3 : 8-disulphonic acid or of naphthalenc-1 : G- 
disulphoiue acid has not been characterised, 
lleduotion in acid solution converts it into 

1 : (S-d%am.im)naplilhalenc-\\ : 't>-d\m}p}tomc acid 
(Friedlander and Kiolbnsinshi, Per. 1896, 29, 
1982). 

(iii.) 1:6- Dinitronaphthalene -4:8- disul- 

phonic acid is obtained when sodium na]>h- 
thnlene-l : ri-disuljdionato (or its mononitration 
product), dissolved in monohydrate, is dini- 
trated (or nitrated) below 30". 3'he jiroduct is 
free from isornerides (Kallc, 1). K.-P. 72665), j 
and on reduction in acid solution 30'eldR 1 : 6- 
diamimnuiphihdcm'A : S-dtsi(lpho7uc acid (Fried- 
hinder and Kiolbasinski, Lc.). 1 

(iv.) 1 : 8-DinitronaphthaIene 3 : 6-disulphonic 
acid is obtained free from isornerides when 
sodium naphthalono-2 : 7 -disulphonate, dissolved 
in sulphuric acid, is dinitratctd at 20®-30® 
(t^assclla, 1). R.-P. 67062 ; Eng. P. 1742 of 1891 ; 
Payor, 1). R.-P. 69190 ; Eng. \\ 11,522 of 1892). 
Its chloride is formed, together with the mono- 
nitro-derivativo, by nitrating na})hthaleno-2 : 7- 
disulphonyl chloride (A16n, Forhandl. 1883, 8, 
13). 

IdeMificnUoii . — The hariuvi salt PaA+GHjO 
prisms, and the pol/imiim salt needles, KjA 
from hot, or K2A+4H2O from cold solution, are 
easily soluble. The chloride, has m.p. 219°; 
with 1 mol. CjHfl it forms needles (Alcn, Lc.). 

ReaclioTus '. — Reduction in acid solution con- 
verts it into 1 : ii-diamivoimjihthnlnie-'i : 6- 
disul'phomc acid, but digestion with sodium 
sulphite or bisulphite solution gives l-aminn-H- 
ti/iphthol-i^ : Q-dunlphonic acid. With dilute 
caustic soda solution in the cold, it forms 
?odium 5-nitro-4-7i,itrow-anaphthol-2 : 1-dxmL 
phonafo, but 4 : 5-dmiirosodihydroxijnnphthakne- 

2 : 1‘dmdphonak if the solution be concen- 
trated. 

Trinitron APHTHALE nes. 

Throe trinitronaphthaleiies, the 1:2: 6-, 
1:3: 5-, and 1:4: 6-der» vatives, are obtained 
by the nitration of 1 ; 5-dinitronaphthalene, and 


a fourth, the 1 : 3 : 8-derivative, by the nitration 
of 1 : 8-dinitronaphthalene. The constitution 
of these compounds has been determined bv 
oxidation to the respective nitrophthalic acids. 

Melting-point curves of the various binary 
and ternary mixtures of a-nitronaphthalene, 
i 1 : 6- and 1 : 8-dinitronaphthalenes, and 1:2:6-, 
1:3:5-, 1:3:8-, and 1:4: 5-trinitronaph- 
thalones have been determined by Pascal and 
the results applied to the analysis of the products 
uf the nitration of naphthalene (PuU. Soc. chim. 
1920. fiv.l 27, 388). 

( 1 .) 1:2:5 or f S-]Trlnitronaphthalene 

(Will, Per. 1895, 28, 377) crj^stallises from 
alcohol in needles, m.]). 1I2°-113". 

(11.) 1:3:5- or 1 a- iTrinitronaphthalene 

(Agumr. Per. 1872, 5, 373, 897) crystallises from 
aleoh(4 in scales, m.p. 122". 

(ill.) 1:4:5- or | y- )Trinltronaphthalene 

I (PcilHtcin and Kuhlbcrg, Amialen, 1873, 109, 97 ; 
cf. AVill. l.c.) erystallises from chloroform in 
, bright yellow scales, m.p. 154° (Aguiar, I c. 903) 
(iv.) 1:3:8- or [5 ]Trinitronaphthalene 

; (Peilstein and Kiililhcrg, I c. ; Friedlander, Per. 

! 1899, .32, 3531). From the mixed dinitroriaph- 
thalenes obtained by the nitration of a-niiro- 
na])hthalone (10 ])tH.), the greater jiart of the 
1 : 5-dorivaiivo can be separated by Kalle’s 
method as already described {v. 1 : 5-dinitro- 
naplilhaloiio). The mother liquor contains 
! mainly the 1 : 8-derivative, and, by the addition 
1 of a mixture of nitne acid of sp.gr. I *4 (3*3 pts.) 

1 with sulphuric acid (10 ])t8.) gives a erystalhne 
i separatifui of 1:3: 8-trinitroim])hthaiene in 
'needle.s m.p. 218° (Kallc, 1). R -P. 117638). 
It dissolvp.s 111 cold sodium bisulphite solution 
without undergoing change, hut is converted 
into niiroamfinomphthnlf^idphomc acids when the 
solution is warmed (Friedlander and Scherzor, 
(!hom Zentr. 1900, 1.. 410). 

Tetr A Nrr ro n a pttth a lic ne.s . 

Five tetranitronaphthalones have been de- 
scribed, three being obtained from 1 :5- and two 
from 1 : 8-din itronaphthaleno : 

(i.) fa-]TetranItronaphthalene, which molts 
at 259° (Peilstein and Kuhlberg, Annalen, 1873, 
169, 99 ; Aguiar, Per. 1872, 6, 374) ; 
j (ii.) 1 : 2 : 6 : 8- or [S-]Tetran!tronaphthaIene, 

I which decomposes at about 300° without fusion 
I (Will, Per. 1895, 28, 369) ; and 
' ( !(’,.) 1 : 3 : 5 : 8- or [y- |Tetranitronaphthalene, 

which melts at 194°-195° (Will, lc.). 

I (iv.) 1:2:6: 8-TetranitronaphthaIene, which 
d(ies not melt below 300° (Dhar, Chom. Soc. 

, Trans. 1920, 117, 1004) ; and 
I (v.) 1 : 3 : 6 ; 8- or [j8-]Tetranltroiiaphthalene, 
which melts at 203° (Aguiar, l.c. ; Will, lc.). 

ChLORONITRO NAPHTHALENES. 
Introductory. — By nitration a-cbloronaph- 
thalene yields seven nitro-derivatives. Of these 
. three are mononitro-a-chloronaphthalenes, con- 
! tainmg the nitrn-group respectively in the a* 
positions 4, 5 and 8 ; two are dinitro-a-chloro- 
I naphthalenes with the nitro-groups respectively 
j in the a-positions 4 : 6 and 4:8; and two are 
I trinitro-a-chloronaphthalenes with the nitro- 
! groups respectively in the positions 2:4:6 
I and 2:4:8. As in the case of 4- or «-nitro- 
i chlorobenzene, those chloronitronaphthalenes 
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which contain NOj in the 4- or jpom-position 
relatively to Cl exchange the Cl for the NH^ or 
OH radicle by interaction with ammonia or 
caustic alkali respectively. 

By chlorination, mononitronaphthalene-a- 
sulphotic acids furnish chloronitronaphtimlcnes, 
Cl replacing the SO3H group (Friedlander, Ka- 
ramessinis and Schenk, Bcr. 1922, 55, 45). 

(i.) 4-Chloro-a-nitronaphthalene, formed from 
4-nitro-a-naphthylamine by the Sandmoyor 
reaction IFranzen and Hclwert, Bcr. 1920, 53, 
320) is obtained as chief product, mixed with 
some of the 5-chloro- and a small quantity of 
the 8-chloro-a-nitronaj)hthalonc, when a-chloro- 
naphthalene is nitrated with nitric acid of sp.gr. 
1*4 in the cold (Atterberg. Bor. 1870, 9, 927 ; 
Cricsheini, 1), It.-P. 120585). It crystallises in 
yellow needles, in.p. 85 ’. 

Rcnchons. — Digestion with 8 ]> c. alcoholic 
ammonia at 170'' converts it into ^-ntiro-a- 
luiphlhi/lamiVrC, and with solutions of alkali 
hydroxides, carbonnti'.s or acetates at 150 ’ into 
i-wtro-a-naplifhoL 

(ii.) 8 Chloro-a-nitronaphthalene is obtaimal 
aa chief product, mixed ivith 5-chloro-a-nitro- 
naphtlialeiic (m p. Ill ) when a-iiitroiiaphtli<il- 
ene ia chlonnatiid at 40 -00' in the jirescnce of 
ferric chloride, and separates as a cry.stalliiie 
magma from the product (Aktienges., 1). 

99758; Ullmann and Coii.sonno, lier. 1902, 35, 
2808). Tt forms needles, m.p 

lieated with sulphuric acid 
at 80*’, it 1.1 convm'ted into ^-cftloto-a-nitro- 
wiphlhahm-^j- sulpha )(,(.(' and, whereas 5-chloro- 
a-iiitroiiajilitlialene doe.s not undergo suljdiona- 
tion uiidei the, sc condition.s (Aktieiig(‘s., D. B.-P 
103980). 

(ill.) 5 : S-Dichloro-a nitronaphthaiene has 

also been prepared by ciilormuting a riitro- 
naphlhalene in tlie presence of a earner. It 
melts at 94” and on reduction gives 5 : H-dirhloto- 
a-naphihyhnnnhr (Bayer, 1). B.-P. 293318). 

(i\.) 4-Chloro 1 : *3-dinitronaphthaIene is the 
product obtaiiK'd wdien 2 : 4-diiiitro-a-na})hthol 
is heated with toluene-p suljihonyl chloride in 
dimethylanilino at 80'. It forms iridescent 
yellow scale.'!, m.p. 143 , and with aniline gives 
2 : 4aJ in.i tro- n-v-a phthifl phi 11 i/la mtne {VUmiian and 
Bruck, Ber. 1908, 41, 3932 • D. R.-P. 199318).* 

(v.) Dichloro-l ; b-dinitronaphthalene, also 
chloro- and dichloro 1 . 8-dinitronaphthalene, 
have been prepared by (dilonnutiiig the res])c*c- 
tive dinitronaphttialenes in a fused stati! fti the 
prc.sence of ferric (dilondc (Poliak, I). K.-P. 
134300). 

(VI ) 4 Chloro 1:3- 8 trinitronaphthalene is 

obtained, mixed witl; the 1:3: 5- derivative, 
when a-chloroiiaphthaleno is nitrated with 
nitric acid of sp.gr. 1'52, and separates from 
the product in hexagonal prisms, m^i. 143“-144'. 
1'he more soluble 1:3:5- comjiouiid, m.p. 
II8‘’-120'’, has not been obtained pure. Both 
yield the corresponding irmitro-a-iMjddhoU 
when heated with dilute caustic alkali solution 
(Kindi, Chom. tSoc. Trans. 1913, 103, 1911). 


IV. Amino- Derivatives. 

/7drod«c(ory,“The circumstance that nitra- 
tion in the naphthalene series leads almost 
exclusively to the production of a- nitro- de- 


rivatives but sulphonation readily to the forma- 
tion of /?-8ulphonio acids explaifts why methods 
for the preparation of a-naphthylamine and 
its sulphoiiic acids differ so completely from 
tho.se employed in the itaso of ;8-corn])ounds. 
a-Naphthylaniine is obtained by the reduction 
of a-nitronaphthalene and several o4 the a- 
naphthylaminesul[)honic acids are formed from 
a-nitronaphtlialenesulphonic aeids in the same 
way. But m the series, only two ^-nitro- 
naphthalenesuljihonic acids are obtained by 
nitration ~riz. the /J-Bitrona])htIialene-4 : 7- and 
4 : H-disuljihonic aeids - and then only in relo* 
tivel}^ small amount, and it is to yS-nnphthol, 
itself ])roduced from imphthalene-/?-sulplionic 
acid, that /3-naphthylamine and its derivatives 
owe their origin. /^-Naphtliol, when heated 
with ammonia under pressure wdtli or without 
the use of dehydrating ageiit.s, but niiieli more 
easily and in greater yield by digi'stion with 
ammotiiuni bisulpliiti' solution and ammonia 
at 199 -1 .50'', IS converted into ^-naphihylamine, 
and by tlie u.se of similar methods /S-iiaphtholsuI- 
[ihonie acids with certain exceptions, furnish 
the corresponding ^9 - najilithylanunesulphonic 
aeids. 

The two naphtliylamines and cerlain of their 
.sulplioriie acids are of much ti'chnical importance, 
bi'ing largely used as jirst, middle, or end coni- 
jionents of azo- dyes: tnoreuvi'r, the sulphonio 
aeuls are also used in the manufacture of naph- 
t holsulphonie acids, aminonaphtholsulphonio 
a(!ids, or dihydroxyna])hthalci]esulphonio acids, 
which find eximisive employment in the pro- 
duction of azo- dyes. The differimeos in tlie 
mode of coupling with diazotisod ba.ses in the 
two series has alriaidy been discussed [r. p. 417). 

AMiNoxArn’i'HAiacNES. 

NJB (i.) tt'NaphthyJamine (I-owmo- 

AA naphthalene; 7iaj>hthalidam , nnph- 

' ' , tlialidiw) is formed by the reduction 
\/ V ‘’f a-nitrona])hthaIcne with alcoliolic 

amnioniuni sulphide (y^niin, J. pr. Chom. 1842, 
27, J41 ; r/. Pina, Annalen, 1851, 78, 31) ; iron 
liliiigs ami acetic acid (4,ccliamp. Ann. (!him. 
J»hys. 1854, fiii.j 42, 195; Ballo, Ber. 1879, 3, 
288, 073) ; tin and hydrocliloric acid (Roussin, 
Cornpt. rend. 1801, 62, 797); zinc and hydro- 
, chloric acid (Buttger, Dingl. poly. J. 1870, 197, 
458) ; alcoholic potash (Klobukowsky, Ber. 1 877, 
J9, 571 ) ; zinc-dust and aqueous calcium chloride 
(Dechend, Jf. R.-P, 43230) ; or hydrogen and 
, reduced copper at 339®-350" (Sabatier and 
Senderens, Ckimpt. rend. 1902, 135, 225).^ 

It is al.“o obtained when a-naphthol is heated 
with ammonia under pressure at 150 ’-] 00° for 
00-70 hour.s (Badischo, D. R.-P. 14012). The 
yield may roach 70 p.c. of that calculated if 
the naphthol be healxjd with ammonia-calcium 
chloride at 270° for 8 hours, but dinaphth^l- 
amine is also formed in quantities varying with 
the conditions employed (Benz, Ber. 1883, 16, 
14). Substitution of acetamide at 270° for am- 
monia gives a 50 p.e. yield of acetyl-a-naph* 

. thylamine, together with about 15 p.c. of di- 
I naphthylaniine (Calm, Ber. 1882, 16, 615), but 
' replacement of ammonia by sodamide at 220° 

I ^ This procas-s has not yet been developed for 
i nltronaphthalene, although applicable to ultrobenzeue 
(r. art. Aniune). 
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leads to the production of \-amino-5-naphthol 1 
(Sachs, D. R -P! 181333). * j 

Preparation . — On the largo scale a*naphthyl- | 
amine is prepared by reducing granulated a- 
nitronaphthalcne ( 1 r» ])t8. ) with soft iron borings 
or ‘ swarf’ (20 pts.), hydrochloric acid (1 pt.),^ 
and waU'r (10 pts.) at TiO^^TO’ in an apparatus 
similar to that used in the manufacture of 
andine-, but provided with a wide exit-pipe for 
the escajiing gases instead of a condenHcr. For 
conijilete reduction, stirring for (b8 hours after 
the introduction of the«> nitronaphthalene is 
required. 'I’o nunovi! the acid, milk of lime is 
added to the jiroduct, and the naphthylamine 
HC])arated hy distillation eith(‘r in a vacuum or 
by th<‘ aid of superheated stiaim, the vapour 
being driven into the condenser as rapidly as 
possible. 'I'ho yield amounts to about 70 p.c. 
of that calculated. 2 'Phe criuh^ base is purihed 
by a second distillation, but always contains 
apjireciable quantities of naphtlialene, owing to 
decomposition during f.he first distillation (Wif t, 
('hem. hid. 1887, 10, 218 ; Paul, Z. angew. Chem. 
1897, 10, 14.7), and of ^-luijihthylamine, the 
origin of which is oiiseure (e. jS-nitronaphthal- 
ene). From ^-naphthylamine it may be freed 
either by re[H'uted crystallisation from warm 
light petroleum, in \\^hich the jS-base is the more 
soluble {Krdniann, Annalen, 1893, 277, 217, 
footnote), 01 by warming it with 10 ji.c. of its 
weight of xylene, allowing the homogeneous 
mixture to cool and solidily, breaking up the 
solid mass and separating the pure ery.stalline 
a-baso in a centrifuge (Weiler-ter-MisT, 1). R.-P. 
205070; Eng. P. 10440 of 1907). The residue 
left after cva})oration of the mother liquor to 
dryness contains both bases ; if it is dissolvi'd 
in hot dilute hydrochloric acid, most of the 
a-base separates as the crystalline hyilrochloride 
on cooling, while from the filtrate the 8-ba.se is 
precipitated as sulphate by the addition ol dilute 
sulphuric acid (VVeiler-tcr-IVIeer, he. ; cf. Rever- 
din and Noelting, Sur la constitution do la 
Naplitaline, ed. 1887, 37) 

/(/cnOyiru//on.--a-JMaphthylamine crystallises 
from most solvents in colourless scales or flat 
needles, melts at .70",. boils at 300" (Zinin, he.), 
and is but little volatile with steam. It is 
easily soluble in alcohol, ether, or aniline, but 
almost insoluble in water, of which 100 c c. dis- 
solve only about Odti? gram nt the ordinary 
toinperaturo (Ballo, he ). On exposure to the 
air, the technical jiroduct changes colour gradu-, 
ally to greyish-violet, owing possibly to the 

^ Various cxplaii.ittons liavc btu-n given of the 
procivss ot reduction In whi«-li water. Iron, and relatively 
verv small (luantllios ot h>drochloric aeid are used 
(rf.' tVitt, / c : Wotil, tier 1894, 27, 1431) , JOUkow, 
Z. angew. Chem 191(1, 29, i. 197). According to 
Kaikow, tfie ‘ activating ’ influence of salts ot lieavy 
metals on the intiTaetion of metals with w.ater is the 
underlying principle of tliis mode of reduction ; — 

8Fe f 0HOl-PCi„lf7'N()a->3FeC’l3 + 2ir2() I CmH/NDa 
SFeClad aHjO-^fHFetOIDa l GHCl] t-3Fe + C,oH/-N02 
->3Fe(t)H )2 i 3FeCl2 + eifaO + C,on /NUa 
The hydrolytic decomposition of tlie ferrous ciiloride 
brings' a further quantity ot iron into solution and an 
equivalent quantity of ferrous chloride is legeneraied. 

® OtluT yirocesses for tlie reeoverv of the base have 
been devised in which eitlier the iron and iron oxide 
are removed elootromagnetically from the reduet ion 
product fused at 60"-t)0'’ (Landshoff, D. It.-P. 835(K)), 
or the reiluction product is extracted by a relatively 
small quantity of a solvent, such as benzene (Landshoff, 
D. R.-P. 184497). 


presence of a small quantity of 1 : 8-diamino- 
iiaphthaleno (Witt, he.). Its odour is character- 
istic and unpleasant. 

The .salts are for the most part sparingly 
soluble in water. The hydrochloride, B'HCl and 
■the ffvlphate B 2 'H 2 li 04 -f 2 H 2 O form scales; 

I the platmieldondr (IPHCl) 2 PtCl 4 is a crystal- 
I lino ])owder. The pierate, li "HA, forms sparingly 
i soluble prisms, m.p. 161° (Smolka, Monatsh. 
1887, 6, 923 ; ef. Smda, Ber. 1908, 41, 1913). 

JieaeJiofi^s. — Diazotised, it forms the fir.st 
cornfionent of many azo-dyos. It also couples 
with diazotised bases forming the middle or end 
comjioncrit of r/<.sYico-dycs. From its diazo- 
cora])ound, a-naphlhol can bo obtained, and is 
also formed when a-naiihthylamine hydro- 
chloride or sulphate is digested with water at 
200" P>y sul])honation it furnishes a scries of 
mouo-, di- and tn-snlphomc acids. Bi'duction in 
hoilmg amyl alcoholic solution with sodium 
converts it into HT.-tetrahydro-a-naphthf/lamine. 
When heated with zinc chloride or calcium 
chloride at 280° it undergoes jiartial decom- 
position into aa~din(ij)]itlnjl<nnui,( and animoma 
(Benz, he ). 

(Ixidisiid hy jiotassium dichrumate and dilute 
suljihuric acid it yields I : ■i-\a-]tinphffm(}iHii'Onc 
ami phihalic arid (Monnot, Reverdin and 
Noelting, Ber. 1879, 12, 2306), but with oxidising 
agmits such as feme chloride, silver nitrate, 
mercuric chloride, or cluormi; acid, its salts in 
a([ueous solution ^iioduce an azure-bliie jirecipi- 
tate ot naphthaniein., which rapidly becomes 
' pnrpl(', dissolves in chloroform, and is not 
bleached by sulphurous acid (1‘iria, Aiinalen, 
1871,78,61; Sehifl, ?6((/. 187'., 101,92; 1864, 
129, 2.77). 

Cotnnirreud tests. — (^Vimmercial a-naphthyl- 
amine should have the right imOting-point and 
dhsKolve almost eom]»l<‘tely in dilute acids. 
9’ho })ro])ortion of naiihthaleno jirescnt can be 
determined by distilling the sample with excess 
of hydnxdilorie acid in a current of steam and 
extracting the distillate with ether. 

Aeyl Derivatires 

^ Formyl-a-naphthylamine, obtained by 
boiling a-naphthylamine with 16’3 p.c. formic 
acid (6*2 pts ) for lialf an hour, crystallises from 
water iii needles, m.p. 138'5° ('robias, Ber. 1882, 
17, 2447). 

A e t y 1- a ll a p h t h y 1 a m i n 0 {aret- a-naph- 
tJuilide) is formed by heating a-riaphthol with 
aipmonium acetate at 270°-280° (Calm, Ber. 
1882, 1.7, 617), and prepared by boiling a-naph- 
thylamme with 1 '27 times its weight of glacial 
acetic acid for 4-5 days (l..ielicrmann and Dittler, 
Annalen, 1876, 183,' 229). It crystallises in 
needles, m.p 159°, is easily soluble in alcohol 
and acetic acid, and dissolves moderately in 
hot but IN almost insoluble in cold water (Lieber- 
marm and Dittler, he. ; I’omniasi, Bull. Soc. 
eliim. 1873, [li.] 20, 20). 

Reactions. — Nitration converts it into a 
mixture of 2-mtro- and 4t-mtro-aertyl-a-naphthyU 
amine and finally into 2 : A:-dinitroacctyl-a- 
mipklhylamine. By sulphonation with warm 
20-25 p.c anhydro-acid it yields chiefly acriyl-a- 
naphthylaminr-5-salphonic acid,J>he 4:-sulphonic 
acid being the minor product, but with 35 p.c. 
anhydro-acid below 30° the 5 : l-disulpkonic acid 
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is obtained.^ In acetic acid solution with 
chlorine it gives autyl-'Z : ^-dichloro-a-rKfphthyl- 
amine ((/leve, Bor. 1887, 20, 448), but with 
sodium chlorate and }iydro(!hloric acid acclylA- 
chloro-a-naphthylaminc (Rcverdin and t^rdjneux, 
Bor. 1900, 33, 682). 

Alhjl Dcrivoiucs. 

Methy 1-a-naphthylamine, obtained by 
boiling a solution of formyl- a-naphtliylainine m 
xylene with sodium (1 at.), adding methyl 
iodide (1 mol.) and .saponifying the metliyl 
derivative by diluU' siiljihunc acid, is an oil, 
b.p. 293" (Pischcr, Annalcn, 189."), 286, 1.79; 
rj. LandsholT, Ber. 1878, 11, 638). 

lieactions . — It has been used as end com- 
ponent in ceitam des(/;;o-dye.s {rj\ (Ias.sella, 
D. B.-P 71329). 'I'he {-suli)huii.ic add can be 
))ro})ared from a-napJithol-4-.siil])honie acid b\' 
interaction with methydamine and metJivlainine 
bisulphite at 1.70" (Hadi.sche, L). li.-P. 12l<>83; 
Eng. W 1872(i of 1900). 

Dimethyl-a-naphthylamin^, obtaimal , 
by heating a-najihthy lamiiu' iiydrochlonde with | 
methyl alcohol (2 mols.) during 6-8 hours under 
pres.suie at 170 ', is an oil, b.|). 272" 271', sp gr. ! 
1 0423 at 20" (Friedlander and W’elmans, lier. 
1888, 21, 3124 ; cf. Pinnoiv, Bm.‘ 1899, .32,' 
140(')). Its ''fthro-, ‘mha- and nihoso- dciivativcs , 
have been described ; the livdixHhloiide ot the | 
nitroso- derivative dccompo.'.cs into intio.so-a- 
iiaphthol and dinietliylanime in arpu'oiis or 
alcoholic solution. 

ReacUans.- -By sulphonation wath 95 p.e 
sulphunc acid ut 130 it fuinish(ss dinuUnfl-a- 
aajththyhnai'iu -Ti .snljilHHuv avid, 2 iiAfir/), 
sparingly solulile scales, together with an easily 
.soluble i.soiuende (l<’'iissgancer, Ber. 1902, 3.7, 
977 ; cf. Eriedlander and Welin.ans, l.c.). Be- 
ductmii m boiling amyl aU'ohol .solution by 
sodium conveits it into ‘dr.-fvtralii/drodinuf/ii/l-a- 
•'naphiliylammc. 

Ethyl-a-iiaph tliylamiiie i.s an oil, b.p. 
303" under 722’5 mm. (Etiedlandei and Welman.s, 
/.r. ), 325°-330" under 776 mm. and 191" ynder 
16 mm. (Mt-rgan and Mickletlnvait, ('hem. Soc. 
'Prarus. 1907, ill, 151(>), whicli, on leduction m 
boiling amyl alcohol .solution with .sodtum, 
furiiishe.s ar -Mr ah ydrovth yl- a- wipidhijla )n,i nv. 

Diethyd-a-najihthy lamine, obtained by 
heating a-naphthylamine with caustic soda 
(2 mols ) a little waiter and ethyl browide or 
iodiilc (2 mols.) at 11()"-120", and separated* 
easily from the quaternary compound, m.]). 
98"-l00“, also formed, is an oil, b.p. 283" 28.7”, 
sp.gr. POOS (Eriedlander and Welmans, I c,). 

Aryl Derivatives. 

Phenyl-a-naphthylaniin^ obtained by 
heating a-naphthylamino with aniline hydro- 

^ Acdyl-a-napfitfiyhirmtie-^.-, 4-, 5-, 0-, 7-, and 8- 
sulpfimic avals, and 3 , (>-, 4 . (5-, aiul 4 : l-dii>ulj>himiv, 
avtflii can l)c jaepared by heating sulutiom of the 
sodium salts of tlic respective a-naphthy’aimne«ulplionic 
acids at witli acetic anliydride for u few 

minutes (Hoch.st, D. It.-J’. 1 20000; Ena. r. 17366 of 
1898 ; cj. Nlctzkl and Zubclen, Ber. 1889, 22, 4.71 ; 
Cassella, I). H.-P. 74177; Eng. P, 1.744t of 1893). 
Both acids and salts are very soluide in water, and 
each acid can be de-acetylated by boiling it with water, 

* Methyl-a.-naphthylnmine-4- and b-mlphonic acids 
and dimethijl-a-1laphthylfiTnaie-4-, 5-, 7-, and S-mlphonw 
acids, prepared by metliylating the corresponding a- 
naphthylaminesiilphonic acids, have been described 
(1 uaagtlnger, l.c.). 


; cljoride at 280® for 36 hours (Girard and Vogt, 
Bull. Soc. chim. 1872, [ii.J i8, 68; StreitT, 
Annalen, 1881, 209, 152), is more conveniently 
, prepared by heating a-naphthol (I mol.) with 
I aiidine (2 mols.) and anliydrous ealcnini chloride 
' (1 mol.) in an autoclave for 10 liours at 280"- 
300" (Eriedlander, Ber. 1883, 16, i077 ; cf. 
Katayama, J. Soc. Phein. Ind. 1917, 36, 86.7). 
A yield of 85 p.c. is said to be obtained when 
a-naphthylamino is lieati^d with aniline (1 mol.) 
and 0"5 [».c. ot iodine at 230" 2.70" for 8 hours 
(Knoll, i). B -Jk 24f853 ; Knoevenagel, J. jir. 
('hern. 1914, |ii.j 89, 20). It ci\,slalh.se.s in 
pri.sms, m.p, 62", b.p. 335" under 258 mm. or 
226" under 15 mm., i.s insoluble in dilute neids, 
and cou}ik‘S with dia/.oti.sed ba.ses as end com- 
jament in disazo- dye.s (cf. Bayer, J). B.-B. 
48921 ; Eng. B. 14442 of 1888). 

o-'l’olyl-tt na plitJiylamine, obtained by 
u.snig o-t(»iuidiiit instead of aiidiiu' in the fore- 
gmiig methods, birms needles, m.p, 94"-95", 
h.p. 198"- 202” under 9 mm. (Eriedlander, l.c.; 
Knoll, Ic ). 

7)-Toly 1-a-naphthylami ne, also obtained 
similarly by the use of p-tolmdino in place of 
aniliiK*, forms prisms, m.p. 78’ 79', b.p. 360" 
under 258 mrn., or 236" under 15 nirn. (Girard 
and Vogt, l.c.: Enedlanrtm, / c. ; Knoll, I c.). 
It eoujiles witli dia/ot?sed bases as mid coni- 
])om'iit in drsaco-dyes {< f. Baym*, I). B.-17 
49808; Eng B. 14442 of 1888) 

Aryl-a-napUthylami nesulphonic acids. 
Of these derivatives, tlu’ phdhyl- (o- or p-iohjh) 
3-, 4-, 5-, ()-, 7-, and H-nalphonic acids have boon 
pri'pared by lieating the corresponding a- 
naphthylamincHuJpbonie, acids with aniline 
(o- or p-toluidme) and its hydrochlorido at 160"- 
i 170". The acids are very sjianiigly soluble in 
I watiT ; tlie sodium salts crystallise in scales, 
and, with the exccjition of the 3-, 7-, and 8- 
I sulphonates, aro sparingly soluble (Bayer, 
i). B.-J7 70349, 71158, 711<)8; Eng. B. 7337 a 
' ofJ892). 

' Among tlio tt-najihthylamiiie-di' and tri- 
siilphonic acids, arylation nas been conhnod for 
the most part to those whu'h contain one of 
the HO3H grouji.s in the«ame nucleus as and in 
cither the 3- or the 4- ])osition relatively to the 
Nil 2 grouj). With these acids : — 

(u) if the SO 2 11 group bo present in the 4- 
positioii, it IS exchanged for hydrogen. Thus 
the a-naphthylamine- 4:6-, 4:7-, and 4 : 8- 
disulphonic acids by arylation furnish respectively 
the phenyl- (o- or i)-tolyl-)a-n(.ipltlhylamine-(S-, 
7-, and H-monm alpha me acids (Aktionges. , 
1). B.-B. 158923; 159353; Eng. B. 15624, 
j 24669 of 1904). « 

j (6) if the SOall groUj) be present in the 3- 
position, it IS exchanged for an arylated NHj 
I group. Thus the a-naphtbylamine-3 : 6-, 3 : 7-, 

' and 3 : 8- disuljihonic acids by arylation yield 
respectively the urdi-p-talyl)-l : 3- 

i diatnmonaphtfaili 7-, and H-nirmosulphonic 
acids (Bayer, L>. B.-B. 75296, 76414; Eng. B, 
8898 of 1893). 

I a-NAPirrayLAMiNEsuLPHONic Acids. 

1 Intrcjductory. — a - Naphthylami nesulphonic 
acids can be prepared by the following general 
methods, of which the last two are technically 
' unimportant : 

(1) By sulphonation of a-naphthylamine. 
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(2) By nitration of naphthalenesulphonic 
acids and subsequent reduction. 

(3) By sulphonation of a-naphtliylamine- 
Bulphonic acids obtained from nitronaphtlialene- 
Bulpboiiic acids. 

(4) By heating a-naplitholsulphonic acids, 
other thAn those whicli contain suljihonic groiqis 
in the 2- or 3- position, with amnionMun sul- 
phite solution and ammonia at 100'' 150'', and 
afterwards acidifying the prodmds {e p. 41(i). 

(5) By heating a-ehloronajihtlialenesulphonu* 
acids with ammonia iindiT jiressure. 

(0) By partial hydrolysis of a naphthylanune- 
di- or tn-siil[)hon](! acids. 

'Two of the monosuljihonie acids are obtained 
by methods applicable only to feluoii : 

(o) a-Na]»hthylamine-4-sul})honie acid, one 
of the three monosuljihonie acids formed from 
a-naphthylanune by siiljihonation, is oblained 
mi’xed only with a small anio*unt of the .'i-siil- 
phonie acid by ‘ baking ' the acid siiljihate of 
a-naphtliylamine at 180 -200": 
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Althougli in the siiljihonation of najihthylamiiie, 
its entry into the nu>leeiile is delayed until 
triHuljihonation occurs, yet if introduced early 
(e, su/mi) the 2-sulphonic group is retained in 
jiosition when a-naj(hthyJamine.2-sulj)honic acid 
interacts with suljihurie acid 
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{()) a-NQj)lithylainine-2-sulj)honic add is the 
only monosuljihonie acid fonni'd when sodium 
u*najihthylsulphamalc or sodium a-najihthyl- 
amine-4-Bulphonato is heated at about 200" : ' 
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The (jfiKral niclhad, the sul|)honation of 
a-naphtliylaniine, leads to the formation yf 
three mono , three di-, and three tri-siiljihonic 
acids. 'J'he comj)o,sition of the suljihonatioii 
product dcjicnds on tlie four factors, concentra- 
tion and relative quantity of the sulphuric acid, 
and temperature and duration of the reaction ; 
but Erdmaim has sliojvn that it is jiossible to 
obtain, as ch'cf jtroduct, suecessively the 4-, 5-, 
and 0-monosulphonic acid by prolonging the | 
reaction without aUering tlie temperature or the i 
concentration of the siil|ihuric acid (Annalen, 1 
1893, 275, 192; v. p. 413} : j 


'File sccoiuf and third ijciicral uuthodb afford 
a means whereby several of t]i(> more imi>ortant 
ui’ids, thos(' containing a suljiliome grouf) in the 
8- or juri- jiosition, can be olitamed. for the 
jiroduction of such achls, nitronajihthalene- 
suljihonie acids of corresjumding constitution 
are reduced in weak acetic acid soliiliou by iron, 
and in turn these acids by snljihonation or 
desulphonation may furnish a-najilithylamine- 
suljihonie acids not obtaiiinble in other ways 
'J'hus the .3-sul|)]ionie acid, liki' the 3 ■ 8-dis‘ul- 
jihonic acid, arises from a-mtronaphthalene- 
3 ; 8-disulphonie acid 
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From the scheme which indicates the constitu- 
tion of the products obtained by .siilphonating 
each of these three acids it will be seen— 

(i.) that the 2- position is not occupied in 
acids I, II, and III until trisidphonation occuns : 

(ii.) that entry of the suljihonie group into 
the 3- or the 8- position does not take jilace ; 
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j, Th^ limit of sulphonation is reached for most 
! of the tt-naj)hthyiaminesuljihonic acids when 
i trisplphoiiation has been effected. 4'wo excep- 
tions only have been observed to this rule and 
1 in each the tnsuljihomc acid which undergoes 
further sulphonation : 

(a) is prepared, not from a-naphthylamine, 
: but by reduction of the corresponding a-nitro- 
najihthalene -3:0:8- or 4 : 0 : 8 - trisulphonic 
acid, and 

(5) contains one SO3H group in the pen- or 
j 8- position relatively to the NH^ radicle, 
i The tetrasulphonation product from either 
; source is isolated from the sulphonation melt 
as a naphthasultaintrisulphonic acid : 
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owing to the formation of the ^rt-aiAydride or 
sultam, dehydration in the peri- position being a 
property which characterises both tri- and tetra* 
suljjhonic acids of this type. 

From solutions of the alkali monosiilphonates 
the acids are precipitated, but from those of the 
di- and tri-siilphonates, acid salts separate on 
the addition of a mineral acid. A comparison i 
of the relative strengths of the monosul phonic ! 
acids shows that the 2-acid is about 10 times ! 
as strong as the 4-, 5-, C-, or 7-acid, and about ! 
2(K)0 times as strong as the 8-acid (Erdmann, 
Annalen, 1893, 275, 27(,i). 

A volumetric met hod for estimating a- (or j3-) 
naphthylaminesulplionic acids, based on tlu'ir 
different capacity for absorlung bromine has 
been devised by Vaubcl (('hem, Zcit. 1893, 17, 
1205). Most of these acids can be estimated , 
accurately by titration with dia/-otiscd p-nitr- 1 
aniline (Bucherer, cj. J. ^Soc. C'hcm. Ind. 1907, ! 
20, 818). ; 

a-Naphthylanunesulphonic acids arc used for ; 
the following purjioses - 1 

Convcrkioth %nlo a-nn phi hohid phonic acids — \ 
'I’he exchange of NJH^ for UH is effected not j 
only by the diazo- reaction or by tlu; bisul- 
phite method (v. p. 41(i), but in certain cases ; 
liy heating the aculs with water at 180''- 200 ' j 
under pressure 'I'his reaction takes place most ! 
readily when sulphouio gcups an* present in i 
the same tuuileus as, or in the 8- position j 
relatively to, the amino- group, and, as the | 
example shows, the amino- grou]) is replaced ' 
more readily than the a-sulphoiiic group by 
hydroxyl. 

S NIT 2 S OK HO on 

A A — ^ \A — ^ 

I 1 , water I ' I NaOH . I Ic; 

yyS at 200" \/\yS 

Co7iversio/b into a-aminonaphtftbUulphonic • 
acids. — The exchange of SOjll for t)H is achieved | 
either by digestion of the sulphoiiic acid with , 
concentrated caustic soda solution at ]80'’-250'^ | 
under pressure or by fusion with caustic soda at | 
18tF-250''. As is customary, sulplumic groups j 
in a- are more easily replaced than those in 
j8- positions, and of groups in a- positions, when ; 
there is a choice, that m the 8- position is the 
first to be exchanged. Acids containing a 
3-8ulphonic group are decomposed hf caustip 
soda at high temperatures furnishing hydroxy- ' 
toluic acids. 

Conversion info a-naphthylaminesulphonic 
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It may bo noted that the a-na])hthylainine- 
4 : b-, 4 : 7-, and 4 : 8-diHiilplionic acids, when 
heateil with aniline or />-toluidiiie at 180’, 
furnish aryl - a • naphthylamincmonosul]ihonic 
acids by elimination of the 4-Hulphonie group, 
Conrtrsion info dianu nimujdiikalene^ulphonic 
acids . — The exenange of WO^lf for Nila takes 
place only when the acid contains a 3-sulphonic 
grou}), the 1 : 3-diaminonaphthaleno derivative 
being produced by interaction of the acid with 
ammonia at 180'’. Aniline and p-toluidine 
furnish 1 : 3-diaryl derivatives under these con- 
ditions. 

J*rodncfion 0 / nro-d//c.s’.— Diazotisation of the 
suljihonic acids proceeds fioimally, excejit in the 
case of a-naphthylaimne 2 sulj)honic acids which, 
as alri'ady indicated, yield diazo-oxides by 
exchange of the 2 suljihonic grouji fur OH in the 
I absence of miiK'ral acid {v. p. 418). 

; Azo-dyes of two types, pani- and ortho-, can 
be obtained from a-najihthylaininesulj)honio 
acids ol ujiprojiriate constitution by coupling 
with diazotised bases. When the para- jiosition 
la occupuiil only by hydrogen yiam-azo-dycs are 
formed, cxccjit in the case of the 3- and 5-muno- 
sulphonic acids, whi*n or/Zio-azo-dyes may also 
be obtained ((Jattermann and 8chulze, Ber. 
4897, 30, 50 ; tlattcrmann and Liebormaiin, 
Annalen, 1912, 393, 198 ; v. p. 417). 

I Fornialion of carhanndcs . — Carbamides are 
formed from the 3 : (i- and 4 : 0-di- and 3 ; 0 : 8- 
j and 4:0: 8-tri-sul|)honic acids by intcraotion 
! with nitroarylacyl chlorides fl or 2 riiols.), ro- 
j duction and condensation with phosgene, 

' 2X*NK2->2X NH (:t) Il NOj 
; ->2XNHCUTINH X-NH-CO-R-NHljCO 
(where X-Nfig is the iiaphthylaminesulphonic 
acid and NOij'RdXl-Cl is w-iiitrobenzoyl or 
other nitroarylacyl chloride), wliich are said to 
bo used in the production of dyestuffs and for 
the destruction of animal parasites* (Bayer, 
D. R,-F. 288273, 289107, 289270, 289272). 


acids contaivnig a smaller nwmher of sxdphontc 
groups . — The exchange of SOgll for H is 
accomplished by the aid of sodium amalgam 
in the cold, or of zinc-dust m boiling dilute 
caustic soda solution, or of boiling 75 p.c. 
.sulphuric acid. Groups m a- positions are 
the first to be eliminated. While the 8-8ul- 
phonic group is removed most readily by the 
first two of these desulphonating agents, hydro- 
lysis by means of sulphuric acid leads prefer- 
entially to the elimination of the 4-8ulphonic 
group. 

The reactions summarised in the thr^ pre- 
ceding para^^phs may be illustrated in the 
case of a - naphthylamine-4 : 6 ; S-trisulphonio 
acid : — 


a-NAPUTHyLAMlNEMUNUSULPnONIO AciOS.^ 

(i.) a-Naphthylamine-2-sulphonlc acid is ob- 
tained by heating sodium a-naphthylamine-4- 
sulphonato (naphthionate) at 200'’-250’, but 
owing to the imperfect distribution of heat 
throughout the mass, the yield does not exceed 
50 p.c (Landshoff, D. R.-R. 50503 ; Eng. P. 
0195 of 1890 ; cf. Erdmann, Annalen, 1893, 275, 
225). If, however, the naphthionate, suspended 
in boiling naphthalene, be heated at 180°-230^ 
for 2-3 hours, and the naphthalene afterwards 
removed by distillation with steam, the yield 

1 In every case where the constitution of an 
u-naptithylamineeulphonlc acid is the NHg 

group is Bupposed to be in the position * 1.’ 
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19 almost quantitative, and the product contains 
as impurity only n snmll quantity of a-naphthfl- 
amine (Bayer, D. R.-P 72833). This acid is also 
formed when a-naj>hthylamino is heated with 
sulphanilic acid or its homologues at 18()''-2r)0" 
(Bayer, D. K.-P. 7531 »); or with a-naphthyl- 
amine-4- or ^-naphthylaniine-S-sulidionic aeid 
at 100"’- (Bayer, J). R.-P. 77118; Eng. V. 
21139 of 1892) ; or when a-naplithylsulphamio 
acid is heated at 170' -240^ ('robms, i). R.-P 
79132; Eng P. 15007 of 1 894). 

Identtjicnfw)).-- 'I’he (nad crystalhses in 
needles, soluble iii 244 parts of water at 20“, or 
in 31*3 parts at 100^ (l)oIiAski, Her 1905, 38, 
1830). The hanum. BaA.+H./) and cakrum 
(^aAjj salts form sparingly soluble scales; the 
poiassivm salt KA, needk\s s]>aringly soluble in 
cold water ; the sodium, salt NaA, scab's soluble 
in 10 parts of boiling or 00 ]>arts of cold vialei. 
It is convertible into a-dii'nohnplit/nih nr-2- 
sulphonyl chhndt , needles, in p. 80 , and 1 : 2- 
dichloromiphihalcM (C'leve, Bor, 1891, 24, 3472). 

React KobH . — Erom its sparingly soluble dinzo- 
comjioiind, a-naj)hthol-2-finl phonic acid has been 
obtained. Nitration converts it into r> nitro-a- 
^Mjihthylamirui-^-svljihonic acid. On siiljihona- 
tion with 10 p.c. anhydro-aeid in the cold it 
yields a-mphthiila7ninr-2 : 5-di.siil phonic, acid. 

(ii.) a - Naphthylamine - 3 - sulphonic acid 
((Jkci's [y-]rtcid) can be obtained by tiu' re- 
duction of a-nitrona])hthalone-3-sulphonic acid 
with ferrous suliihate (Oleve, Ber 1880, 19, 
2181). It is also formed when sodium a-naph- 
thylamiiie-3 : 8-disulj»honatc is boiled with 
75 ]j.c. sulphurie acid (Kalie, L). R.-P. (il979), or 
with ziiui-dust and dilute caustic .soda solution 
(KalJe, 1). R.-l\ 233934), oris reduced either by 
sodium amalgam in tlii' cold (Fnedlander and 
Liicht, Ber. 1893, 20, 3032; Bayer, I). R.-J\ 
255724 ; Eng. P. 28172 of 1911) or elcetiolytic 
ally (Bayer, 1). R.-P. 218527 ; 25lU91t ; EnL^ P. 
28173 of 1911). 

Jdcntijication. — 4’he acid forims sjiaringhy 
soluble needles; the hanttm salt BaA., + H/) 
form.s scales and, like the caJciinn, pola.'^.'o iirn and 
mdiiim NaA salts, is very .soluble in water 
((3cve, Ber 1888, 21, ;^271). It k convertible 
into a-chhroiwphthah •iic-'i-fndphon.ijl chloride. 
lirisms, m.p. 100"^, and 1 : \Ultchlwon.a phthakne 
(Cleve, I c. ; Armstrong and Wynne, (’hem. Soc. 
Proc. 1895, 11, 240). 

Rmctionn^. —li couples with diazotiscd ba.ses ^ 
a.s the middle component of di.stt~o-dyes, but has 
been little used for this purpose. From its 
(/mz'i-compound a-iha'phthol-\\-,<inlpho'mc acid has 
been obtained. Fusion with caii.stie alkali at 
250“-2ti0° gives \-atnino-\\-‘nnphthol. Digestuai 
with 00 p.c. caustic soda solution at 25(F'-280" 
furnishes o-ioliiic acid (Kalle, D. R.-P. 79028), 
but with ammonia at 180" give.s 1 : ‘i-diannno- 
naphthalcne or with aniline at 170" diphcnijl- 
1 : ^-diainimiHiphthalene. By sulphonation with 

20 p.c. anliydro-acid in the cold, it yields a- 
naphthylaminc-3 : b-ditailphoiiic acid. 

(iii.) a-Naphthylamine - 4 - sulphonic acid 
{naphthionic acid), mixed with a-na])hthyl- 
sulpharaic acid, was first obtained by boiling 
a-nitronaphthalene with ammonium sulphite in 
alcoholic solution (Piria, Annalon, 1851, 78, 31). 

^ Plazobeazciie chloride is an exception {cf. Gutter- 
mann and Schulze, Ber. 1897, 30, !i4). With diazotised 
p>nltraniline coupling takes place in tlie ortho- position 
(Gattermann and Idcbermaun, Auuulcn, 1912, 393, 200). 


It is formed together with the more soluble 
5-sulphonic acid, when a-naphthylamine is 
sulphonaU'd with ‘ fuming ’ sulphuric acid {cf. 
Erdmann, Aiinalcn, 1888, 247, 315), and con- 
stitutes the sole product when it is heated with 
4-5 times its weight of sulphuric at'id at 100 - 
120", or with 3 times its weight of sulphuric acid 
at 130" until the product is soluble in alkali 
(Witt, Jicr. 1880, 19, 57, 578 ; if. Verein, Eng. P. 
2237 of 1883). Mixed with a small amount 
(3- 5 }).{.) of the 5-.sulphonic acid and some un- 
clianged a-najihtliylumine, it is obtained by 
‘ baking ’ acid a-naphthylaimiK' 8u]]diate, or a 
mixture of a-naplithylamine and sulphuric acid 
in tlie jiroportion to form this .salt, at 180"-^ 200" 
jirefeiahJy in a vacuum (Nevile and Winther, 
(’hern. Soc. 4’raiis. 1880, 37, 032; Verem, l.c. ; 
Paul, Z. arigew. CIk'hi. 1890, 9, f;85), or by 
heating a-naphthylaminc with 3 tiiiu's its weight 
ol i>otas.siuin hisiiljdiate at 200" (BischolT arid 
Brodsky, B('r. 1890, 23, 1914). It is also formed 
from a-iia]ihlh)'lamine-4 : H-disulplionu; acid by 
reduction with zinc-dust and boiling dilute 
caustic soda .solution (Kallc, D. R.-J*. 233934), 
or with sodium amalgam in the cold (Bayer, 
1). R.-P. 255724; Eng. P. 28172 of 1911)1 or 
I'lcctrolytically (liaycr, D. R.-P. 248527, 251099 ; 
Eng. W 28173 of 1911). 

4’his acid also is the pioduet when the 
hi.suljihite method is applied to sodium u-najih- 
thol- l-.siiljihonate (Badische, D, R. p. 117471; 
Eng. \\ 1387 ol 1900; c p. 410); or when 
sodium a - chloronajihthuli'iv' - 4 - siil])houate is 
heated with 25 ]> <'. ammoiiui .solution at 200"- 
210" (Oehlei, !>. R.-F. 72;{3(.). 

krejiaiation.— Fused a-naplit h\ lainine (50 
kilo.s) IS stirred in(i» siiJjiliunc acnl (3(i*5 kilos.) 
and tlie inixtun' Ix'ated at 170 -180" until a 
liomogi'iieous mass is obtained. Crystallised 
oxalic acid (2*5 kilos.) is then stirred in, and the 
frothy mass, spicad on l('a.(lcn trays, is heated in 
an oven at 170 ’-180" duiirig 8 hours. Whi'ii 
cold, the ])orous, giey product is ground to a 
powder, extracted by hot milk of June, the 
filtrate piecipitated by hydrochloric acid and 
the washed preci]>itato eonverti'd into sodium 
salt (()4 kilos.). iShould the salt still contain 
tt-na,phthylamiiie or the 5-sulphonate, the former 
may 'bo extracted by solvent naphtha, and the 
latter removed by fractional crystallisation 
{cj. v8ehultz, Chem. d. IStoinkohlonth., 3rd cd. 
1 . 202 ). , 

. Jdrutijicaiion..~~'}'ho acid HA-f-^H^O forms 
small lustrous needles, which dissolve in 3225 
pai'b. of water at 20", or in 438 parts at 100" 
(J)olihski, Ber. 1905, 38, 1830). The barium 
salt BaA2-f8Ho() in scales, calcium salt 
(’aAodblljO ill nionoclimc tables, 'jKiiasf^ium 
salt KA in scales, and ftodium salt NaA4-4H20 
in large momx.’lmic prisrixs, dissolve readily in 
w'ater, and, like the acid, show marked blue 
lluorcscence in dilute solution. It. is convertible 
into a-chloroiiaphtludcne-4-sulphonyl chloride, tri- 
climc prisms, m.p. 95", and J : ^-dichloromph- 
thaleuc (Cleve, Ber. 1887, 20, 73). 

Reactions. — ifiazotised, it forms the first 
component of many aco-dyes. It couples with 
diazoti.scd bases, forming ortho-azo-dyes, but is 
valueless as a middle component, owing to the 
amino- group, when in the mtho- position 
relatively to the diazo- complex, being difficult 
to diazotise. 
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^ Erom its sparingly soluble, microcrystalline, 
yellow diazo- compound, a-naphthol-4-stUphonic 
acid may bo obtained. This acid is also the 
product when the sodium salt is digested either 
with sodium bisulphite solution at 
followed by aeidilication, or with 50 ji.c. caustic 
soda solution at 240‘^-2G0'’. With sodium 
amalgam in the cold it gives a vapht/iylamtne. 
By sulphonation with 25 p.c. anhydro-acid 
below 80", it is converted into a inixture of 
a - na pJtfhylamnhc - 4 : (>- and 4:7- disulphonic 
acids. Prolonged heating with sulphuric acid 
at 130" converts it successively into the 5-.sa/- 
phonic acid and the ii-Mulphoinr and, and it is 
the most easily hj'^drolysed acid of the three. 
Its sodium salt, wdicn heated at 200"-250", 
is converted into .sodiinn a-rMphtliiflamuu’-2~ 
sulphoiuUc. 

A c c t y 1-a-n a p h t h y J a m i n c-4-s u 1 p h o n i c 
acid, the minor prcjduet ol the sulphonation (»f 
acetyl-a-naphtliylamine with 20-25 p c anhydro- 
acid (Scliidtz, Jh’i. 1887,20,8101 ; v 5-.sulphonic 
acid), IS obtaiiK'd as sodium salt by stirring 
acetic anliydridi' (7 pts ) into a solution of sodium 
a-naphthylamine-4 sulplionate (15 jits ) at (>0 ’- 
70', and salting out the product. Both the 
WAd and the .soduim salt are erystalline and 
readily soluble in water ( II oebst, 1 ). R.- 1’. 1 20000 ; 
Eng. P, 17800 of 1808; Nietzki and Zubelcn, 
Per. 1800, 22, 151). Nitration tonverts it into 
the 5-n.///n-ilerival 1 VC. 

(iv.) a Naphthylamine - 5 - sulphonic acid 

( Laurent's acid ; ( 'h ccs \ a- \ua phihalidiut sul- 

phonic and) ^ is obtained by reduction of a-nitro- 
na]>hthalcne-5-siilphonic acid (Laurent, (Joinpt. 
rend. 1850, 81, ,588; cf. ('Jeve, Forhandl. 187.5, 
0, 18; Hull. .Soc. cliirn. 1875, |ii.l 24, 511; 
Erdmann, Anriaien, 1808, 275, 201 ; Schollkojif, 
D. R.-P. 40571 ; Eng. P. 15775 of 1885). It 
constitutes the chief with the 4-sulphonic acid 
as subsidiary product, when a-naplithylamine 
is warmed with twice its weight of ‘ turning ’ 
sulphuric acid (Clove, Forhandl. 1870, 7, 80; 
cf. Schmidt and Scliaal, Her. 1874, 7, 1807; 
Erdmann, Annalen, 1888, 247, 815); or when 
a-naphthyh*mine hydrochloride is sulphonated 
in the cold with 20-25 ji.e anhydro-acid (Witt, i 
Ber. 1880, 10, 578 ; Schultz, Her'; 1887, 20, iiltil ; I 
Mauzelius, ihid. .8408), or vhen acdtyl-a- I 
naphthylamine is sulphonated with 'i—i times | 
its weight of 20-2.5 [i c. anhydro-acid and the 
product de-acetylated by boiling the nj^dt with j 
water (Lange, Her. 1887, 20, 2010; Ewer and , 
Pick, 1). K.-P. 428"4 ; Schultz, l.c.), but is the i 
minor product obtained in the manufactiMre of 
the 8-sulphonic and from iiaphthalcne-a-sul- 
phonic acid by nitiation and redueXion. It is 1 
also formed when sodium a-chloronaphthalcnc- \ 
5-sulphonate i.s heated with 25 p.c. ammonia i 
solution at 200 -210" (OidiliT, If. B.-P. 72330) 

Prf'pMratioii. — The jiroduct obtained by 
sulphonating a-nitronaphthalene at 00 with 
10-20 p.c, anhydro-acid is poured on to an equal 
weight of ice, and the preci}»itatcd a-nitroiiaph- 
thalone-5-aulphonic acid {([.u.) removed by 
filtration, mixed with watcT, reduced by iron, 
and converted into sodium salt m the usual way. 

^ The ‘ a-naplithylaimue-lS-Jsulphonic acid’ ob- 
tained by Hirscli by heating a-uaphtliylaminc with 5 
times its weight of sulphuric acid at 125°-130“ for 
8-9 hours (Hirsch, I). P, Anm. H. 7291; lier. 1888, 21, 
2370) is a mixture of the 5-ftulj>hoiuc acid with some 
C-aolphonic acid (Erdmann, Annalen, 1893, 275, 223). 


Of the product of the sulphonation of a-naph- 
thylamino hydrochloride with* twice its weight 
of 20-25 p.c. anhydro-acid in the cold, is poured 
on to ice, the precipitated acid convertt'd into 
calcium salt, and the less soluble calcium 5-sul- 
phoiiate separated by fractional crystallisation 
from the small amount of 4-sulphoiu»tc alway'^s 
formed in this ])rocess. 

Idenlijicalion . — The and crystallises in 
, anhydrous needles, soluble in about 040 jiarts of 
j cold water. The ban tun salt BaAg l OHgt)) hi 
, aggregatc.s of snfhll scales; talnuin salt 

j ( 51 A 2 -I-OH 2 O, in tables; pola.ssiurn salt 
I KA t BoO, in ncctlh's ; and .sodium salt 
jNaA + fJ.A), ill aggregates of needles, dissolve 
! readily in water; both arid and salts show 
j greenish lluorcsccnce in dilute aqueous solution 
j (FI('V(‘, Hull. Soc. chilli 1875, [ii ) 24, 511 ; Witt, 
I c. ; Mauzelius, !.r ) It is convertible into 
j a cfdorouaphthali m di-siilphoinil rfdondr, prisms, 

[ in.p. 05Aand ! : i>-di< /dorona plitfiaU nc {Krdnmim, 

I Annalen, 1888, 217, 8,58). 

Riaitiou.s. — Diazotised, it h>rms the lirst 
I compomuit ol lu.iny u:o-<lycs. With diazotiaed 
j p -III tram line it couples, loiimng both the ortho- 
, and tlic paia u;:o-dye. l^h’om its sparingly 
soluble, \(‘llou, crvstallinc dtazo- comjiound, 
i a-na phlfiol-T) f>iilphoiiic a^id. may lie obtained, 

; Digeslion with coiKcntrul(*d caustic soda 
, solution at 250’ (onviuts it into l-amino-H- 
' iiajdtlliol. Hy siiliilioiiation with 85 |).c. anhydro- 
acid at 00 -420 ’, it yields a miphtliylamine- 
2:5: l-lrisulphoun and, the inLiu'mediatc 6:7- 
di.'yulphonic and being obtiuiu'd by sulphonation 
of its airciyl derivative wuth 80 [).c. arihydro- 
{ acid III the cold, and subsequent de-acctylatioii. 

(v.) a - Naphthylamine - 0 - sulphonic acid 

'{('hvv.s \fi-\and-, Krdmaiui.s [tL-\ackl), formed 
when a - mqihthylanuiie - 4 ■ sulphonic acid or 
j 5-sulpbomc acid is healed with suljiburie acid 
at J2.5"-180'’ for many hours (Erdmann, 
Annalen, 1808, 275, 200), is prepared by reduc- 
tion of tt-nitronaphihalciK'-O’Suljiliome acid by 
ammonium siiljihidc or by iron and dilute 
suljihurie acid (Cleve, Ber. 1887, 20, 74). 

J*ri paralioii.—Tho produc-t obtained by 
nitr.iting na[)htli,ik*nc-)^-Hulpbonic acid, which 
consists almost entirely of a mixture of the 
a - nitionaphthahaic - 0 - and 7 - sulphonic aeids 
{(/ /’.), after dilution w ith water, is rieutraliseil by 
lime and the tiltrati', K'lideied acid by acetic 
aci<l in small quantity, reduced at the boiling- 
point by soft- iron borings. The resulting 
solution IS then freed from iron by milk of June, 
eoncimtrated, and either treated wiUi sodium 
carbonate to obtain the gicater part of the 
7-isomeride as sparingly soluble sodium salt, o» 
the mixed (8evc acids precipitated from the 
concentrated solution by hydrochloric acid. 

For many purqioses, as for examxile the jiro- 
duction of 1 : 4-diammonapiithalcne-G-Bul2ihoiiic 
acid or numerous azo-dyes, a separation of the 
mixed C4cvc acids is unnecessary. If the jiuro 
acids arc requ I red, then, according to Fierz, enough 
I magne.site is added to the diluted nitration melt 
j to combine with the calculated amount of 
I sulphonic acid ])re.scnt, the excess of sulphuric 
j t^cid neutralised by lime, and the reduction 
' earned out as just described. When the boiling 
i liquid has become colourless it is neutralised 
! by the addition of magnesite, and the filtrate 
! after concentration to a small bulk precipitated 
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by hydrochloric acid. The precipitate, 2-3 d^s 
later, is collectea on a filter (the filtrate being 
violet owing to the presence of hydroxylamine 
compounds) and washed with cold water until 
colourless. As much as p.c. of the calculated 
yield of Cleve acids may bo lost in this filtrate. 
The acid.s^ now free from impunties, jsr)mende.s 
and diaulphonic acids, are converted into sodium 
salts and finely powdered common salt stirred 
in the hot concentrated solution during one day, 
to effect a comjilcte sc'jiaration of the pure 
sodium 7-sul|»honate. Frorii the mother liquor 
on acidification, a ])ieci|utat(‘ of the (i-sulphonic 
acid in an almost jnirc .stati; is obtaimaJ, the 
remaining irajmnty bf'ing ri-niovablo by retreat- 
mont (Fierz-l)avid', J)ye (diemistry, ]>. 25). 

lde)itijk((tio7u--V\\i.' acul HAd 2 H 2 () forms 
needles soluble in lOdO parts of water at 
'J'he barium salt BaAj f II 2 O m needle.s, is only 
sparingly, but the calcium salt* ('aA_. + 7 H 20 in 
tablets, pola.s,yi'Uvh salt KA-f-HgO in scales 
and sodium salt MaA-j- 4|iH.2() in thin tablets 
are easily soluble in Avater (Fleve, Forhandl. 
lH7fi, 7, 54 ; Bull. Soc. chim. IS7I*, [ii.] 2fi, 447 ; 
J^rdmann, l.c. 255). Jt is convertible into 
a-cltloronaphlh<d< vc -{\-,svlpho7} yh hloridc y diamond 
shaped plates, m.p. ]Jl4'’-115'' {(’ieve, Ber. /.c.), 
and i : V)-dichloroiiap}ithalcv( (Erdmann, l.c.). 

licactwm . — It cf)U])k*s with diazotised bases 
and is of irnportanci' as the middle 01 end com- 
ponent of disazo- or lii'^ar.o- dyi's. I’k’om its 
diazo- compound or by the bisuljihite method 
a-7iaphthol-i)-sulpho7uc acid may bo obtained. 
Fusion with caustic alkali converts it into 
\ -amino -iS • 7ta phi hoi. By sulplionation with 
10 p.c. anhydro-acid it yields a-naphihylamtuc- 
4 : iS-dmdphomc acul. 

{ vi. ) a - Naphthylamine - 7 - sulphonic acid 

{Clcvc's Id-) or |8-|«rn/ ; Chtr's acid) is obtained 
by the reduction of a-nitr()na])hthalene-7-siil- 
lihonic acid (Cleve, Ber. 1888, 21, 3254; Erd- 
mann, Annalen, 18U3, 275, 272), or by boiling 
a-naphthylamine-2 : 7-disul])honic acid with 
80 p.c. sulphuric acid (Kallc, I). R.-F. 02034), 
or from tt-naplithoi-7-sul})honic acid by the 
bisulphite method (Badikclie, 1) R.-l\ 117471 ; 
Eng. V. 1387 of 1900; A ]». 110). 

Preparation. — This acid is obtaiiu'd, mixed 
with about an equal amount of the 0-sulplionic 
acid {q.v.) by reduction of the nitration product 
of naphthalene-^-sulphonic acid and easily 
separated from its isomcridc owing to the 
sparing solubility of its sodium salt in brine. 

IdtnUiicatton. — 'I'lie acid HA-fH„() forms 
scales soluble in 220 jiarts of water at 25A 'J’he 
barium salt BaAj in needles, is only sparingly, 
but the calcium salt CaA^-j ^HgO, potassium salt 
in scales, and sod mm salt NaA+iHot) m needles 
are easily soluble in vater (('leve, Ic.). It is 
convertible into a-chloronaphthalcne-l -sulphonyl 
chloride, elongated prisms, m.p. 94° (Fleve, 
Ber. 1892, 25, 2481), and 1 : 1-dicJdoronaph- 
thalcnc. (Armstrong and Wynne, Chem. Boc. 
Proc. 1889, 5, 49). 

Kmclions. — It couples with diazotised bases, 
and is of much importance as the middle or end 
component of many disazo- and trisazo- dye^.^ 

' As this acid and the 6-isoirioride, when equally | 
pure, furnish dyes which are Identical In strength and 
shade, the common experience that the 7-8uIphonie 
acid gives the better yield must be referred to the 

S eater readiness with which it can be purified (Fierz- 
avld, Bye Chemistry, p. 26). 


From its diazo- compound or by the biaulphite 
method, a-naphihol-1 -svlphonic acid may be 
obtained. Digestion with 60 p.c. caustic soda 
solution at 250° converts it into l-awtrio-7* 
miphthol. By sulphonation with 25 p.c. anhydro- 
acid at 50° it yields a-naphihylamvue-^ : 7- 
disul phonic a( id. 

f vii. ) a - Naphthylamine - 8 - sulphonic acid 

{Schollkopf acid ; ti-ncid ; peri-acid) is obtained 
by reduction of a riitrona])htlialenc-8-sulphonic 
acid m acid solution with iron (Schollkopf, 

J). R.-F. 40571 ; Fug. F. 15775 of 1885) ; it is 
also formed when sodiuni 1 : 8-naphtliasultam- 
2 : 4-(lisilIphonate is digested Avith 20 p.c. 
liydroehloiic acid at 150° (Dre.ssei and Kothe, 
Her. 1894, 27, 2J40). 

J*rcparation.- -Tho product obtained by 
nitrating na]>hthal('iie-a-sulphonic acid, con- 
sisting almo.st eiitiiely of a mixture of a-nitro- 
naphtlialcM(‘-5- ami 8-suli»hoiiic acids, after 
dilution with water js converted into calcium 
salt liy means of lime and the filtrate rendered 
slightly acid by siiliihiinc acid, reduced by iron 
borings, [ireoijntaled by sodium i-arborvatc and 
evajiorated to a small bulk. Most of the sodium 
a-na])hthylamme-8-sul])honate separates as a 
crystalline mass from the concentrated solution, 
ami the rmnamder can be isolated from the 
liigidy soluble 5-sul]»bonate by further fractional 
crystallisation. Thi* mother liquor, on aeidifiea- 
tioii, funn.slies the 5-su1f>boiiu' ueid,'-^ which can 
be juirdied by conversion into the sodium salt 
and repetition of tlu' tructional crystallisation, 

Jdcntijicalion . — The acid llA-t-lFO forms 
net'dles soluble in 4800 jiarts of water at 21° 01 
in 238 ])arts of boiling water; the potassium 
salt KA scales, soluble m 28(i jiaits of water at 
19°, or 111 67 jiaits at 100°, the sodium salt 
NaA scales 01 tables, soluble in 885 parts of 
j w'ater at 24°, o? in 375 jiails at 100° (Erdmann, 
Aiinalen, 1888, 247, 320). H is convertible into 
a-chlotonaphlhalcne-S-sitlphonyl chloi idc, scales, 
m.]). 101°, and 1 : H-dichloronaphthalene (Arm- 
strong and Wynne, Clicm. kSoc. l*roc. 1895, 11, 

ficac.tions. — It coujihis wdth diazoiised bases, 
and has been used as middle or end component 
in (Aro-dyes. From its sparingly soluble diazo- 
compound, nnphihasullone (the anhydride of 
a-naphthol-8-sulphonic acid) can bo obtained. 
Digestion with water at 200° converts it into 
a-’iuiphthol -^-sulphonic acid, and with 9 p.c. 
*caustic soda solution at 220°-260° into 1 : 8- 
dihydroxyjiaphthalenc, but fusion with caustic 
alkifli at 200° furnishes i-amino-S-najihthol. 
By dehydration with jiho&iihorus oxychloride at 
130°, it yields the anhydnde naphthasultam, and 
with 40 p.c. anhydro-acid at ^)°-90° naphtha- 
svllam-2 : 4^-di sulphonic acid is formed, but with 
10 p.c. anhydro-acid in the cold sulphonation 
j alone occurs, a-naphthylamine-^ ; S-disulphonic 
; acid being the product. 

j Phenyl- a- nap h thy lam ine-8-sulphonic 

• Fierz, who describes the reduction and separation 
in greaUT detail, states that if the sulphonation product 
of naphthalene at low temperatures (containing there- 
fore some naphthalene-^-8uIphouic acid) be used 
instead of naphthalene-o-sulphonlc acid for the nitra- 
tion, the 5-sulphonic acid is nevertheless free from 
Cleve acids as the corresponding 6- and 7-nltro- acids 
are reduced only to hydroxylamine derivatives under * 
the conditions employed and ore lost (Helv. Chim. 
Acta. 1920, 3, 807 ; c/. Flerz-David, Dye Chemistry, 
p. 29). 
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acid is obtained when a-naphthyIamine-8- 
sulphonic acid (1 pt.) is heated with aniline 
(3*5 pts.) and aniline hydrochloride (1 pt.) at 
160°-170° for 10 hours, or with aniline (4 pts.) 
and benzoic acid (0-05 })t.) at 130^-140° for 
8 hours (Bayer, 11. U.-P. 70340, 71108; Eng. P. 
7337a of 1802), or when, sus])ondcd in water, it 
is heated at 140“ for 20 hours with Jiuihne (3 pts.) 
dissolved in hydrochloric acid (Kalle, 1). K.-]\ 
170030; Eng. P. 12320 of 1001), or when the 
acid sodium salt of a-naphthylanurie-4 : 8- 
disuljihonic acid (1 pt.) is lieated Avith aniline 
(4 pts ) at 180“ for 30 hours (Ahtiemres ,1). B -P, 
15S023 ; Bug. P. J5024 ot 1004). Th.‘ ])roducl, 
after being rendfued alkaline, is freed from 
aniline by distillation vitli sttaim, and the 
phenvlaled acid jirecipitated by droehlntic 
acirl, or salted out. 'Phe and is only Hjianngl^ , 
but the .sofhiim salt I'asdy soluble m uati'r. it 
couples Mith diazotiscd bases forming inonoazo- 
dyes. 

a-NAPlITHYL \MlNKl)]SULim()MC’ AciOS 

(i ) a-Naphthylamine 2 1 disulphonic acid is I 
obtained when a-tiaphtlivlamiiie-2 : I : (i-tiisul- I 
phonic acid is re J need ehatrolvlieally or by 
Bodium amalgam (llavei, 1) B. P. ’2485*^7’ 
2510110 ; 25.7721 ; Mug.' P. 28172, 28173 of lOl I ) 
or, mixed iMth the 4-sulj)honie and in small 
amount, vlu'ii a-mtronuphthalene is heated 
with sodium bis'jli)liite soliitum at 100“ (lloe)i.st, 
D. B.-l*. 02082). its s(dunn salt i.s easiU soluble 
in water. 

Itvncf'io'na. — Its dia':a- eoiiijiound yields na'ph- 
th(iIone-\ : ‘S-cflsulpho'/nv a< ul by elinuiMtion of 
the amino- group, and 2 : A-dinilro-a^iuiphihol 
wdien warmed wath dilub' nitric acid (llocbst, 
Fused with caustic alkali, it fiirmshcM 
l-atni)io-2-‘>iaj)/ithol-4 .si(l/t/inntc acid, viliilst its 
diazo- compound, oxidised by liyfioihlorite in 
80 (hum bicarbonate solution, furnishes tlu* dnizo- 
oxvie of this acid (Badisehc, 1). B.-P. 1(>053() ; 
Eng. P. 4007 of 1004). 

(li.) a-Naphthylamine-2 : 5 disulphonic acid is 
obtained from a-naphthylamine-2-sulj)hon)e and 
by sulphonation w ith l(i p.c. anhydro-acid in the 
cold (Landshofl, I), Bu-P. 5(».5(i3 ; Eng. Lroitlb 
of J800). It IS easily soluble, bu^ its mud salts 
are only very sjianngly soluble in water. 

Reactions.— dt yields vaplithaUnic-l : O-r/uvaf- 
phunic acid by elimination of the amn^)-giouy, 
and a-naphiln/lamuu-5-sidphonic acid by partial 
hydrolysis with dilute sulphuric acurat J()0“ 
(Tobim?, Ber. 1800. 23, ]()3i ; LandsholT.* / r . ). 
lligestion with 50 [) c. caustic soda solution at 
240°-270“ furnishe.s \-amino-b-nuplitluA-2-sal- 
phonic acid. By suljjhonation with 40 p.c. 
anhydro-acid at 120“ it is convei;^-ed into a-wiph- 
th7jl(imi7U'-2 : 5 : l-lrirndyhonic acid. 

* (hi.) a-NaphthyIamine-2 : 0 -disulphonic acid, 

stated to be obtained when a-iiajdithylaniinc- 
2:4: G-trisulphonic acid is heated wdth nniicral 
acids, has not been described (Bayer, I). P. 
Anm. F. 31010). 

(iv.) a-Naphthylaniine-2 : 7-disulphonic acid, 

obtained by partial hydrolysis of a-naphthyl- 
araine-2 : 4 : 7-triHulphonic acid with water at 
230® under ]yre8sure (Kalle, D. B.-P. 62034), is 
also formed when a-naphthylaniine-2 : 5 : 7-tri- 
sulphonic acid is desulphonated either by 
sodium amalgam in the cold (Bayer, I). R.-P. 


j 255724; Eng. P. 28172 ot 1^11) or by boiling 
! it w'ith zinc-dust and dilute caustic soda solution 
I (Kalle, D. R.-P. 233934). It crystallises in 
needles ; its barium salt is very sparingly 
soluble in water, and solutions of its alkali salts 
show bluish-green fluorescence (Kalle, I). R.-P. 
62634). • 

Reactions . — It yields a’nap}it}ioh2 1 -disvl- 
phonic acid by the diazo- reaction, naphthalene- 
2 : 1 -disulyhomc acid by elmiiiiatioii of the 
amino- grouj), am^ a-napJithylaniinc-l-sulphonic 
at id by heating it with dilute suljdiiiric acid or 
water under ])r(‘ssuie (Kalle, l.c.). 

(\.) a-Naphthylamine-2: 8 -disulphonic acid is 
I obtained from naphl hafiultam-2 : 4 disulphonic 
I acid by ]iar(ial liyiltolysis with 40 p.c. sulphuric 
! acid at 1 10“ ((W!la, l). B.-P. 75710). It crys- 
I tallises in moderately .soluble long needles; the 
[.solutions of itj^aikaii salt.s show green fluores- 
cence. 

Reactions. — With nitrous acid (1 JOiol.) it 
do('s not give a leaetive dia/.o- compound, but it 
coiiple.s with diazotised bases forming azo-dyes. 
Fusion with eaii.stie .soda converts it into 1- 
ainino-H-na plilhol-2 sulnhon k acid. 

(vi.) a-Naphthylamine-3 : 5-disulphonic acid is 
the prodiiel btinied by siiliihonating a-iiapbthyl- 
amme-3-sulphonie aeid with 4 times its weight 
of 2(1 p.c anhydro-acid in tlie cold, 

Idt nfificalion.- — 3'he at id potossiinn salt, 
KllA-l 211.4 ), forms short netallcH convertibie 
into a-chloionapftihalt rie-2 ’. liahsnlpbonyl chlor- 
ide, jirisms, m.]>, 130“, and 1 i ri-tiichloronaph- 
thahnc (Armstrong and Wynne, Pliera. Soc. Proc. 
1895, 11, 240). 

(vii ) a-Naphthylamine-3 : O-disulphonIc acid 

{ALeii's La-|a(“a/ ; Freund's acid) is ohtaint'd by 
reduction of a-introiiaphllmlene-3 : 6-(ii.sh]])honic 
acid (APn, Forhandl. 1883, 8, 3 ; Freund, 
I). B.-P. 27346 ; Eng. P. 1069 ot 1883 » ; Arm- 
stiong and Wynne, ('hem. 8oc. Proc. 1895, 11, 
82), or by b<uling n-naphthylaminc-3 : 6 : 8- 
I tiisiilphonic acid with zinc-dust and dilute 
I caustic soda solution (Kalle, I>. R -P. 233934). 
j Rrcparatinn.—'Vhc nitration produotof sodium 
na]>hthal(‘nc-2: 7-<li.siilphonatc diluted with water 
i.si educed by soft-iion borings, the iron and excess 
of sulphuric acid removed by lime, and the 
liltrate after precipitation by sodium carbonate 
acidified and evaporated to obtain the acid 
I Hodiiiiii salt. 

j Identification . — The acid forms needles, and, 
like the hariuin BaA-f4H./) and calcium 
CaA-l-5H.4) 111 tablets, also the acid potassium 
KJrA-f3H^(J and acid sodium NallA-fSHjd 
salts ill needles, is easily soluble in water (A16n, 
Lc,). It is convertible into a-chhronaphihale'M- 
Z : iS-disvlphonijl chloride, ])rism.s, m.p. 114®, or 
needles, m-ii. 127“, and I : ‘d : i)-trkhloronaph- 
thaUne (Arm.strong and Wynne, l.c.). 

Read ions . — From its diazo- compound, a- 
uaphlhol-li : iS-disvl phonic acid, can bo obtained. 
This acid iH also formed when it is digested with 
w*ater at 180®, but when it is boded with 76 p.c. 
caustic jiotash solution the product is a mixture 
of the l-amino-^-imphthol-^r-sulphonic and 1- 
ainino-ii-naphthol-'S-svlplMnic acids. Digestion 
with ammonia at 180® converts it into 1 : 3- 
dtaminonapfUhalenc-ii-sul^ihonic acidy and with 
aniline (or p-toluidine) at 150®-160® into 

^ This acid, like the 3 ; 7-acid, was regarded by 
Freund as a g-naphthylamiuedisulphonlc acid. 
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diphenyl-{di-j)4olyl-) 1 : '^-diaminomphilialene-^r i 
sulphonic mid. 

Aoylated by interaction with nitroacyl ! 
chlorides (] or 2 rnols.) hucIi as w-iiitrobenzoyl 
cliloride or a-nitronai)jitha]ene-r) Huljibony] 
chloride, follow('d by reductjon of the nitr(j- 
groups and coiuh'nsation of the n'sulting ammo- 
derivatives with phosgene or carbon disulplnde, 
it yields a sorios of nirhamidr or l/iiocurhaniult' 
derivatives (Bayer, 1). It.-J*. 2KS273 ; 2S9270 ; 
289272). 

(viii.) a-Naphthylamine 3 : 7-disulphonic acid 

(AM'fis lfi-\<i>'id), ])rc[)aicfl by n'diution of a- . 
mtronaplitlial('nc-3 ; 7-di, sulphonic acid (Knuind, 
D. K.-B. 2734(i ; Eng. W 1U()9 ol 1883 ; (’a.ssclla, 
D, H.-B. .77007, o83r>2 ; Levin.stein, Eng. 1*. ; 
2082 of 1891), IS also formed vvluai a-na])hthyl- 
aTnine-3 : .7 : 7 trisulphonic acid is dcsul|)honatc(l 
either by .sodium amalgam in the eohl (Bayer, 
1). K.-B. 2.7.7721 ; Eng. B. 28172 of Bill) or by 
boiling it with zuie-dii.st and dilute cviustic .soda 
solution (Kalle, I). B.-l*. 2339.34) | 

Jdcnltjicdtioti. At IS ea.sily soliibh; in water, i 
and, like its salts, shows blue tluon'sccnce in i 
solution. 3'he hdiuiiii .salt BaA ( 11 A), mUnnn \ 
salt (7iA-f2Hj(), and mid potn-ssnim salt KllA ■ 
form sparingly .soluble needles (Alen, Eorhandl. 
1883, 8, 20)/ ‘ 

Jicardon^H . — From its dinzo- eomjiound a- 
nopltihom : 1 -dinul phonic acid can be obtained, 
'riii.s acid IS also formed when it is digi'stc'd with ! 
waB'r at IHO"", but with 40 p.e. caustic .soda j 
solution at 20(1"' the jiroduct is a mixture of j 
l-amino-'7-napht/iol-'S-siilphou(c and. with an 
isomeric acid (Cas.sella, J). J{ -B. ,77007). [ 
JJigestioii with ammonia at 180' coiuerts it | 
into I : {t-diarnd'Honn phlhiflni-r-1 ,'>iil phonic acid, ^ 
and witii aiuline (or p-tohudiiie) at 15(B-l(iO ’ I 
into diphenyl (rfi-]i tohil ) 1 : \\-diumiibonaph1h<d- 
en€-l-siilphonic mid. 

(ix.) a-Naphthylamine 3 . 8 disulphonic acid 
(fc- \acid) IS obtained by reduction of a-nitronaph- 
thalene-3 : 8-disulphoiiic acid in ai id solution at 
tlie boiling-point by iron borings or on the small i 
scale by zine-dust (cf. J\iul, Z. angew. Chem. i 
IWHi. 9^W2). 

Prepariition.—'llH' mlxturi' of this acjd with 
a-nitronaphtliulene-4 : S-disulplionie acid, and 
some /i-nitroiiajihthalenedisulplionie acids, 
obtained by nitrating a disuljihonation melt 
containing the najihthaleiie-I : 5- and 1 : O- 
disuljihonic aeid.s. is dilnteil wnth water, neutral- 
ised by lime, acidified slightly by sulphuric acid, 
reduced hot by soft-in'ii borings, again neutral- 
ised liy lime and tlu! filtrate eonvertel into 
sodium salt. After concentration of the filtrate 
a small bulk, the 4 : 8-disuli)honie aeid 
separates from the solution in the course of 
several days as the normal sodium salt, the 
more soluble 3 ; 8-salt being retained in the 
mother liquor from wdiieh it is iirecijututed as 
acid sodium salt by the addition of hydrochloric 
aeid. The final motlu'r liquor contains the 
highly soluble sodium ^-naphtbylaminedisul- 
phonatea (Aktienges., 1). B,-B. 4,777() ; Eng. B. 
4025 of 1888 ; Ew^er and I’ick, D, K.-F. 52724 ; 
Bernthsen, Ber. 1889, 22, 3328 ; Schultz, Ber. 
1890, 23, 77). The separation may bo achieved 
in the same way with the barium salts but more 
rapidly as hot solutions may be used (S. Metro. 
Gas Co and Btanier, Brit. B. 101859). 

Ideidificaiion . — The acid HoA-|-3HoO forms 


very soluble scales The barium salt BaA-f^HjiO 
forms needles sparingly soluble, and the acid 
hanam salt Ball oAg B5H .0, microscopic needles 
almost insoluble m cold water ; the -normal 
.sodium salt Na._;A+0ll.d) veiy soluble, and the 
and .sodium salt NiillA f 2 H 2 O soluble in about 
30 jiarts of cold water, crystallise in long needles 
or thin pri.sms (Bernthsen, l.c.). It, is convertible 
into a-chhn ona phlhalcnc-‘,\ : ^-di, sulphonyl chloride, 
needles, m.[i. 1 10"', and 1:3; '6-trichloronaphlludenc 
(Armstrong and Wynne, Chem. Soc. Broc. 1890, 
0 , 10 ) 

Jiiaciions. -H eoujileH with diazotised w- or 
/i-nitraniliiK' {.Aktienges., D. B..-B. 170513 ; 

174.718), but not with diazotised aniline {cf. 
Bayer, I). It.-l*. 7.7084). Erom the diazo- com- 
]K)Uud, naphlhasidloncdi-sidphoiiic acid, but by 
jirolonged hoiimg with dilute sulphuric aeid 
a-iuiphlhol-li . ^-disid phonic acid is obtained, 
'I’liis disulphonic aeid is also fornu’d wdien 
a-napht)iylamine-3 : S-disiilpliotuc acid is di- 
gested with Avater at 180": (h'sulphomition 
li(nvever oeeuis, a-na/ihthylaniinc W-.yniphonic 
acid being the ])rodiiet, wlien it is boiled with 
7.7 ]).e. sulphuiic add, or with zinc-dust and 
dilute c.iustic soda solution, or is acted on by 
sodium amalgam in the cold. 

Eusioii with cau.stie alkali below 210“ fur- 
nishes \-anii no-S-najihthul-'A-.sidphoiuc acid, but 
when it IS beatc'd with 9 ji.e. caustic soda 
solution at 2,70"’ it yield.' 1 : ^-dihydro'.cy'naph- 
thalnic-A-'Sid phonic acid. Digestion with am- 
monia at 1S(B converts it into 1 . W-dianiino- 
naphihalcni -^-ndphonic acid and with aiiiiiru! 
(or yi-t, oluidnie) at 1,70 '-100'^' into diphvnyl- 
(di-ji-Zo/y/-) 1 : '.l-diainiiionajihthaU lu -is-,sid jihonic 
acid. When sulplionated with 40 p e, anhydro- 
acid at H0"‘ 90 ", naplilhasultiiinduidphonic ucid-e 
IS th<‘ ])roduet. 

(x.) a-Naphthylamine 4 : ()-disulphonic acid 

{Dahl's No. II. acid^) eonstitides about 30 ]).c. 
of the ])ioduct obtained by sulphonating 
a-naplithylammo-4-8ulphonjc acid w'lth 25 ji.c. 
anhydro- aeid in the I'old {v. 4 : 7 -disulphonic 
acid), and is si'paratcd by extraction of the 
mixed calcium sails with 8,7 p.c. alcohol in 
which it IS soluble (Dahl, D. K.-B. 41597). 

It is formed Avhen a-najihthylamine-O-sul- 
I phonic aeid ls .sulplionated with JO p.c. (Cassella, 
D. B. Anm. C. 4021) or 25 p.e. anhydro-acid 
(Bayer, D. B. Anm. F. 7010 ; Eng. B. 15223 of 
1893), ffr when a'na]ilithylamine-4 : b : 8-tri- 
sulphonie acid is boiledfor some hours with zinc- 
dust and fhluto caustic soda solution (Kalle, 
D. K*-B. 233934), or when the bisulphite method 
is applied to M-naphthol-4 . G-disulpliomc acid 
(Badisehe, 1). K.-B. 117471 ; Eng. B. 1387 of 
1900 ; V. p. 41()). 

Idcnlijicalioy . — The calcium salt CaA-4'5H20 
forms needles soluble m 85 p c. but insoluble in 
90 p.e. alcohol (Erdmann, Annalen, 1893, 275< 
219), and, like the potassium and sodium salts, 
is very soluble in water ; the acid sodium salt, in 
needles, is soluble in about 0 parts of water at 
20° (Dahl, l.c.). It IS eonveitible into a-chloro- 
na phthalcne-A : iS-disulplionyl chloride, needles, 

^ In Dahl & Co.'s patent (D. il.-B. 41697) an acid 
‘No. I * Is described, the cidciuiu salt of which is 
soluble in 90 p.c. alcohol. This acid, said to cou- 
.stitute 50 p.c. of tiie pi oduct when a-natilithylamine is 
heated with 4-5 parts of 25 p.c. anhydro-acid at ISO”, 
could not be ideutilled by Erdmann (Annalen, 1893, 
275, 218), and is believed by him not to exist. 
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m.p. 126°-127°, and 1:4: Q-trichloronaphthakne 
(Armstrong and Wynne, Chem. Soc. Proc. 1890, 

0, 126). 

EeactioTis. — It couples with diazotisod bases. 
From its moderately soluble dtazo- compound or 
by the bisulphite method a-iuiphtholA : i)-disvl- 
phonic acid can be obtained. Fusion with 
caustic soda at lS0'’-200''‘ converts it into 
\-amino-iS-vaphthol-i-xiilphonic acid, and at 
2(X)°-220'’ into 1 : Vy-dihiidrarj/miphthahiic-i-s^il- 
phonk acid. Heated with aniline (or p-toluidinc) 
at 1S0'\ it forms 2>hcn>fl- (or p-lobil-) a-naphtlipl- 
amine Ai-snlphonic acid by elimination of the 
4-siilphonio group. Jly siiljihomdion with I 
95 ji.c. anhydro-a(!id at 80' -90'’ a-naphlinjliimiuc- ^ 
2:4; Vy-trusulphomc aaid is obtained. 

(xi.) a-Naphthylamine-4 : 7-disulphonic acid 
[DahVfi No. 111. aod) is obtained, mixed with 
about 30 ]).(•. ol the No. IJ. aeul {v. 4 : ()-disul- 
jihonic acid), by aildmy sievial a-na])htliylamine- 
4-suIplionie aeid slowly to 3 5 times its weight ; 
of 25 ]).c. anhydro-aeid below 30“ and stiiTiiig j 
for 2-3 day.s or until (5 drops of the melt 
added to 10 e.e of wat.ei give a solution wIik h } 
remains clear at tlu; (UkI ol 6 hours. The i 
jinuluet corivdted into di y ealeium salt, niul | 
powdered is extraeli'd with 10 tunes its w^eight j 
of 85 p.c. alcohol to K'Uiove No. II. salt, the , 
residue being No. III. salt (Dahl, D. 11 -P. ’ 
41!)57). 

It IS also formed when a-naplithylamine-7- 
sulphonie acid is sulpbonated with moiiohydiati* 
at 100“'Jo0“ (('assella, D. I*. Anm. D. 3!t39), or 
25 p.c. anhydrn-aeid at 50 -60 " (Ihiyer, i). P. 
Anm. F. 6550; Fug. P. 1.5223 of 1893) ; or 
when ] : 8-dimtrona]dithalen«' is digi'stc'd with 
40 p.c. sodium bisulphite solution and 25 p.c. 
animoina solution at 80 -90' for 8 hours, the 
filtrate stirred wot h about onc-thiid of its weight 
of coiiei'iitrated hydroehlonc aeid for half a 
day to deconifioso the sulphamino-aeids wlmli ; 
rc'^ult, and the separation reerystallised from j 
water in which the 4 . 7-disul])lioinc aeid is only i 
sparingly, but the 2: 4 : 7-trisulphoiiio aeid so 
ea-’ily soluble as to need salting mit from the 
solution (Hdciist, 1). It.-P. 215338); or whim 
the bisu![>liite iiudbod is applied to sodium 
a-naphthol-4: 7'disul])lionate (Padisdie, D.^R-P. 
117471 ; Eng. I‘ 1387 of 1900; e. p. 416) . 

Idenfijication -The barium ^alt HaA, in 
needle.s, and calcium salt PaA-f H^t) are spar- 
ingly soluble in water ; the pofasmum salt 
K„A4-3H.O, in efflorescent prisms, aifl sodiupi 
salt Na,A-f3Hn(), in elHoresoont needles, are 
readily soluble in water , the acid s^divni 
salt, in needles, is -oluble in 140 parts of water 
at 20“, or 20 paits at the boihiig-jiomt, but 
like the ealeium salt, is insoluble in 85 p.c, 
alcohol (Dahl, l.c. ; Ftdmann, Annalen, 1 893, 27.5, 
220). The solutions of theaeniand salts show' 
blue fluorescence. It is convertible into a-chloro- 
naiddhalcru A ; l-dimdjilioni/l ckloi idc, rectangular 
prisms, m.p. J07Aand Y’A:i}>4ri(lih)rona])ht]iaknc 
(Armstrong and W^mne, Cdiem. Soc. J*ioe. 1890, 
6, 17). 

Jleaclwne<.~\i couples with diazotised bases. 
From its diazo- eoinjiourid or by the bisulphite 
method, a-miphtholA l-dmulphoniL acid can lie 
obtained. Heated with aniline (or p-toluidmc) 
at 180°, it fyrms phenyl- (or p-tolyl-) a-naphthyl- 
amine^l-mlphonic acid by elimination of the 
4-8ulphonic group. By sulphonation with 


35 p.c. anhydro-acid at 80°-90° it yields a-naph- 
tkylamine-2 : 4 : l-trimlphonk^cid, 

(xii.) a-Naphthylamine-4 : 8-disulphonlc acid 
([S-larid ; disulpho-acid-^) is formed from 
a-naphtliylamine-8'8ulphonic acid by suljihona- 
tion with 3 times its weight of 10 p.c. anhydro- 
acid at first in fhc cold and afterwards at 100° 
(SchoUkopf, I). ll.-P. B)571 ; Eng. f. 15775 of 
1885); also, mixed with the 6 : H-disulphonic 
aeid, when aeetyl-a-naphthylamine-H-sulphonic 
acid IS sul})lioiiated Avith 25 p.c. aiiliydro-aeid 
in tin* cold, the pro||net dc-acetylated by boiling 
it with Avater, and the sodium salt sejiarated 
from the moie soluble 6 : 8-i.someride by frac- 
tional erysfallis.ition (Payer, 1). K.-P. 75084). 
From a-na])lith<)l-4 : 8-(bsulf)honic aeid, it can 
he ohtamed by tin* hrsuliihito method ( Padisehe, 
J). R -P. 1 17471 ; Fug P. 1387 of 1900; r. ji. 41<)). 

I'rcpaiatwn -It is dhtaiiu'd by K’duetion of 
a intronaphf liaU'iie- < : S-disulphonu’ acid, and is 
piesciit tlierebire, with the 3 ; 8-disiiI])honic 
aeid (ij.v ). Ill th(' product formed Avhen tlie 
sulphonalum melt etiiitaming iiaphthalene-1 : 5- 
aiid J • 6-di.siilj)lu)iiie aiids is iiitiated, and the 
mlio-aeids arc reduced. It the sulphonation 
mi'lt eiiiif allied naph(hnleiu'-tt-sul])hoiue acid 
owing to ineom])Ie1(‘ disiilplioriaf ion, sodium 
a-naphthylaiiiine 8 siilplwmfiti' will he present 
, in the erudi' 4 : S-disiilphonate, but can be re- 
1 movisl by fiMclioiial ei ystalbsatioii owing to its 
j spaiiiig solubility m Avatei, the moie soluble 
i ilisuljibonati' being precipitated from the <'on- 
I ci'iitraled niotlier lujuor as aeid sodium salt on 
; acidification (Aklienges., J). R.-jh 45776 ; 
Fug. I'. 4(')25 of 1888; llernilisen. Her. IHStf, 
22, 3327; Paul, Z. angew. (diem. 1896, 9, 
.563). 

Identification. — 'I’lic normal nodiuin salt 
Na.A I 211, (), forms ms'dles readily soluble in 
Avat or (Peni Ibsen, Per. 1890, 23. 30'9(), footnote) ; 
the ai id soiiium salt scales sjiaimgly soluble in 
cold AvatiT. It is coin erf ible info a-chloronnph- 
fhalcnc-4 • H-disulplioriyl chloride, flat jirisnis, 
m.p. 137 ', and 1 • 4 7) trichloronaphihalcne. 
(Armsttoiig and Wynne, Cbem. iSoe. Proe. 1890, 
6 , 12 <;). 

Inactions . — It coujijes easily with diazotised 
buses. Fiom the diazo- compound, or by the 
bisulpbife inefhod, a-naphfliol-4 : H-dmulphonic 
acid can be obtaimsl. Fusion Avith eaustie soda 
at 200° converts it into i-amuio-H-naphthol-i- 
mlphowc acid, but digestion with 60 p.c. caustic 
soda solution at 250“ furnishes 1 : H-dihydroxy- 
naphlfiaUnc-4-sidphonic acid. 

When heated with aniline (or p-toluidine) at 
180° it 'yields jihcnyl- (or p-tolyl-) a-naphihyl- 
amnu-iY-sul phonic and by elimination of tlje 
4-siiI])honic grouj), but this grou]) is ret ained and 
the 8-sulphonie groiiii removed, a-'naphthjl- 
aminc-4-,>ulphoiri( and hemg the product, when 
desiil[)honation is effected by sodium amalgam 
in the cold, or by zinc-dust and dilute caustic 
soda solution at the boiling-point. Py sul- 
phonation with 4Y) p.c. anhydro-acid, it forms 
vaphtha-<<idlam-2 : 4-difod'phoriic acid. 

(xiii.) tt Naphthylamine-5:7-disulphonlc acid 
is ohtamf'd when a-nai)hihylamine-5-sulphoiiic 
i aeid (1 ]jt.), after acetylation, *3 mixed with 
30 p.e. anhydro acid (8 pts.), or acetyl-a- 
naphthylamine (1 pt.) with 35 p.c. anhydro- 
acid (5 pts.), at the mixture kept at 

20°-30° tor 15-20 hours until a sample, boiled 
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with water, shows no separation of monosul- 
phonic acid in the cold ; and the product, aftar 
de-acetjflation by boiling the melt with water 
(10 pts.), converted into acid .sodium salt by 
saturating the hot .solution with common salt. 
The acid sodium salt NalT^A.^-t-SHjO, needles, 
is very soluble but the acid Imrium salt almost 
insoluble in cold water. 

Reaciious . — In alkaline solution it couples 
readily with diazotised bases. From its dtazn- 
compound or by the bisuliihite moiliod, a-ymph- 
lhol-5 : 1 -disulphnnic acid can bo obtained. 
Digestion with 75 p.c. eausiic soda sohilion at 
170°-] 80° converts it into l-amino-5-fifi]tliifi(il- 
1 -snlphonic (icid, Hy auljdionation with 40 p.e. 
anhydro-acid at J2()‘-130°, it gives a-nn/>/ii/it/l- 
armnc-2 : 5 : l-trisulphornc acid, 

(xiv.) a-Naphthylaminc-5 : H-disulphonlc acid 
is obtained from a-nitronaphtbalenc-5 : S-disiil- 
phonie acid by reduction in acid solution. The 
product, converted into sodium salt, gives m 
concentrated solution a precipitate of the acid 
sodium salt on acidification. Both the acid 
and the <H'id sodium salt NaHA-j- 1 form 
needles very sparingly soluble in watiT, but 
easily soluble in alkalis, giving greenish-yellow 
solutions (Bayer, 1). B.-P. 70857 ; Gattermann, 
Bor. 1899, 32, 1150). 

Reactions . — It coujilos ea-sily with diazotised 
bases. From its diazo- compound naphthaknr- 
\ i : H-trisul phonic acid and n-aplil/iasultonc-ry- 
sulphomc acid can be obtained, and by the 
bisulphite method it yields the corrcsjiondiiig 
a-ua2)htliol’5 : S-disnlpkonic acid. Digestion witli 
75 p.c. caustic potash solution at J50°-100° 
converts it into l-anuno-H-naphihol-r) sidjihottic 
acid, but with 00 ]i c. solution at 250° into I : 8- 
dihi/droxijnap/ithaknc-4;-6iilphonic at id. A\'ith 
sodium amalgam a-naphlhylamine is obtaiiu'd 
((Tattormami, I.c.). By .siilphonation uith 
40 p.c. anhydro-acid at 80°-90° it forms najdi- 
tJiaiuUamdisnlphonic acid A). 

(xv.) a-Naphthylamine-0 : 8-dIsuIphonic acid 
can be obtained from a-naphthylamine-4 : 0 : 8- 
triaulphonio acid by boiling it with 75 p.c. 
sulphuric acid (Kalle, I). P.-i*. 83140); and is 
formed together with the 4 ; 8-di.sulplionic acid 
Avhori acetyl-a'naphthyhiminc-8-sulphonic acid 
IS sulphonated with 25 p.e. anhydro-acid at the 
ordinary temperature, and the product boiled 
with water. The sodium salt i.s much more 
soluble than that of the 4 : S-di.sulphonio acid 
and, after removal of the latter by crj\staUisation 
from the concentrated solution, is separated as 
acid sodium .salt from the tiltrate hy aciditication. 
The salts in solution shoA\' green lluorescenee ; 
the arid sodium salt NaHA, in m'edles, is easily 
Soluble (Bayer, D. R.-P. 75084). 

Reactions. — It couples easily with diazotised 
bases. From its very soluble diazo- compound, 
naphtJiasultone-ii-sulpJionic acid, and by elimina- 
tion of the amino- group, naphthalene-] : 3- 
disulphonic acid can bo obtained. Digestion 
with 50 p.c. caustic potash solution at 180"- 200° 
converts it into hammo-'^-naphthol-to-sulphonic 
acid. 

a-NAPHTHYLAMINETRISULPHO.NIO AciD.S. 

(i.) a-NaphthyIainine-2 : 4 : O-trisulphonic 

acid is formed vdien a-naphthylamine-C-sul- 
phonio acid, or 4 : G-disulphonic acid, is heated 


! with 25 p.c. anhydro-acid .(3 -5 pts.) at 50°-60°, 
' and afterwards with 70 p.c. anhydro-acid (1 pt.) 
; at 80°-90". The acid sodium salt forms needles ; 

1 it shows blue fluorescence in solution (Bayer, 
j D. P. Anm. F. 701(5 ; Eng. P. 15223 of 1893). 

: Reactions . — It does not couple with diazotised 

bases (Bayer, I.c.). Heated with mineral acids 
it is converted into a-naphthylamine-2 : Q-disul- 
phonic acid (Bayer, D, P, Anm, F. 31910), but 
with sodium amalgam in the cold it gives 
a-naphlhylaminc-2 : 4-disulj)honic acid. 

(ii.) a-Naphthylamine-2 : 4 : 7-trisulphonic 
acid. To obtain this acid, a-naplithylamine-4- 
siilphonic acid i.s heated with 40 p.c. anhydro- 
acid at 120" (iloclist, D. K.-P. 22.545 ; Eng. P. 
2178 of I8S2 ; cf. Arm.strong and Wynne, Chem. 
8oc. IToc. 1890, (5, 125), oi a-naphthylamine-7- 
Huljihonie acid (or 4 : 7-disulphonic acid) is 
heated with 25 p.c. anhydro-acid (3*5 pts.) at 
50"- (50°, and atterwards with 70 p.c. anhydro- 
acid (1 pt.) at 80°-90" (Bayer, D. P. Anm. F. 
(55.50 ; Eng. P. 15223 of 1893). It is also formed 
when 1 : 8-dinitromij)htha]ene is heated with 
sodium bisulphite solution and ammonia at 
80"-90", and after lomoval of the less soluble 
sodium a-n.iphthylamiiie-4 : 7-clisulphonate ig.v.) 
by crystallisation, the 2 : 4 : 7-trisulphonato is 
separated from the mother liquor by salting out 
(Jfbchst, D. 11 -P. 215338). d’he acid .sodium salt 
forms small needle.s, shows blue fluorescence in 
alkaline solution, and docs not couple with 
diazoti.sed bases, 

Rcaciion.s . — From its diazo- compound, a- 
naphthol-2 : 4 ; 1-trisulphonic and, and by elimina- 
(lon of the amino- group, naphthalcnc-l : 3 : (5- 
Irisvlphoiiic and are obtained. By digestion 
with water at 230 'it3nelds a-nnphlhyiaminc-2 : 7- 
disul phonic and, but \vhon boded with 75 p.c. 
suljihurjc acid, the l-monosulphovic and 

(iii.) a-Naphthylamine-2 : 5 : 7-trisulphonlc 
acid is obtained when a-iiaphthylamine-5-siil- 
lihonic acid is sulphonated with 35 p.c. anhydro- 
acid at 90°-120° (Casaella, 1). II. -P. 188505), or 
when a-naphthylamine-2 : 5- or 5 : 7-di8ulphonio 
acid is sulphonated wnth 40 p.c. anhydro-acid at 
120 -1,30° (Bayer, D. P. Anm. F. 70()] ; Eng. P. 

1 714 J B of 1 893). I ts and disodium salt, isolated 
from the diluted suljihonation product by salt- 
ing out, forms needles easily soluble in water, 
and, like the acid, shows green fluorescence in 
solution. ‘ 

Reactions . — Digestion with* 60 p.c. caustic 
potash si;lution at 180°-200" converts it into 
l-ami iio-ri-naphthol-2 : 7 -disulphonic acid. When 
desulphonated either by sodium amalgam in the 
cold ^Jr by boiling with zinc-dust and dilute 
caustic soda solution it jnelds a-naphthylamine- 

2 : 1 -disvlphonic and. 

(iv.) a-Naphthylamine-3 : 5 : 7-trisulphonIc 
acid is prepared by reduction of a-nitronaphthal- 
ene-3 ; 5 : 7-tri8ulphonic acid (Cassella, 1). R.-P. 
75432). Its salts arc easily soluble and in solu 
tion show green fluorescence. 

Reactions . — From its diazo- compound naph- 
ihakne-l : 3 ; 1 -trisulphouic acid and a-napJUhoU 
3:5: 1 -tnsulphonic acid can be obtained. 
Fusion with caustic soda at 1(50°-170° converts 
it into \-ami fio-5-naphihol-^ : 1-dmdphonic acid. 
When desulphonated either by sodium amalgam 
in the cold or by boiling with zinc-dust and dilute 
caustic soda solution it gives a-na^hthylaminC’ 

3 : 1 -disulphonic acid. 
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(v.) a-Naphthylamlne*3 : G : S trisulphonic 
acid, obtained by reduction of a-nitronaphthal- 
ene-3 : 6 : 8-trisulphonic acid (Koch, 1). K.-P. 
5G0GS ; Eng. P. 9258 of J890), is also formed 
when sodium a-nitronaphthalene-3 : 8-di8ul- 
phonate is warmed with sodium bisulphite ■ 
solution (Fischossor, D. R.-P. 7G438 ; Eng. P. 
704G of 1894). 

Preparation. — T'he product obtained by 
nitrating the trisulphoriation melt consisting 
largely of naphthaloiio-1 : 8 : G-trisul phonic acid, 
after ddution with water, is iieutraliseil by lime, 
converted into sodium salt and the filtrate after 
acidification redmied hot by iron borings. After 
removal of the iron, tlu' filtrate is concentrated, 
saturated with salt and acidified, whereby a 
complete separation of the 8 : G : 8-trisulphonic 
acid as acid sodium salt is achieved, the mother 
liquor containing nothing of any technical value 
(Heuraann, Aiiilinfarben, 189S, ii, .585)). 

Tdrnlijicaiion . — The acid disodinm salt 
NadlA forms needles, moderately soluble in 
water but almost insoluble in hydrochloric acid 
or brine, and th(' sodium salt Na,A-f 811 ,0 easily 
soluble scales (Drossel and Kothc, Per. 185)4, 27, 
2147). 

Rear.lions . — Ihorn its dlazo- eoiniiound, luiph- 
thole ne-l : ^ : (i-tnsvljihonic and (Dresscl and 
Kothe, l.c.) and vapliihasuItoneAl : G-disuIphonte 
acid can be obtained. Digi'stion with water at 
] 8()”-2r)()'’ converts it into a naphthol 'X : G : 8- 
irisulphonic acid, and witli .80-40 p.c. caustic 
soda solui ion at 210'^ inl'O \-amnio~H-H(iphl/tol- 
3 : G-disulphome and. 

Digestion with ammonia at IG0"-180“ fur- 
nishes 1 : 'i-duimiiionaphlhalene-G : S-disnl phonic 
and, and with aniline (or p-toluidine) at 1.50'^- 
JGO'^ diphcnijl- {d.i-\)-1olpl-)\ ■.\\-dmminomtphlhal- 
enc-i) : S-d'milphonic acid. Uy siilphonation with 
25 p.c. anhydro-aeid af 70 -80“ it yields naph- 
thasnllani,-'^ : (4) • G-irnulphoym acid. When de- 
sulphonated by boiling it with zinc-dust and 
dilute eausfic soda solution, a-wtjditlujlamiru- 
8 : G-disiilphoruc and is the product. 

(vi.) a-Naphthylamine-4 : G ; 8-trisuIphonic 
acid is obtained by reduction of a-nitronaphthal- 
onC'4 : 15 : 8-trisul])horiic acid (Bayer, D. P. Anm. 
F. 700G; D. R.-P. 80741; Eng. P. 171410 of 
1893; Kallo, D. R.-P 825G8 ; 991G4; Eitg. P. 
615 of 1894). 

Preparation . — The nitration ^product ob- 
tained from the naphthalene-1 : 8 : 5'trisulphonic 
acid melt, after dilution with w'ater, is«n<Mjtral- 
ised by lime, and the filtrate, after acidificatioif, 
reduced hot by ir(>ii borings, rendered alkaline 
by lime, and converted into sodium salt. From 
the concentrated Si)i‘ntion of this salt, the acid 
sodium salt separates on the addition of hydro- 
chloric acid. 

Reactions. — It does not compile with diazo- 
tised bases. From \i»duizo- comp^ound, naphthal- 
ene-l : 3 : 5-(risulphonic acid (Kalle, l.c.) and 
TiaphpMisuUonrA : G-disnlpJamic acid, which is 
also formed by the bisulphite method, have been 
obtained. Boiled with 75 p.c. sulphuric acid it 
gives a-naphthylamine-G : S-disulphonic acid, and 
digested with water at 160”-220° a-naphthol- 
6 : S-disulphonic acid, the 4-Bulphonic group 
being eliminated in both reaction.s, but when 
dcsiuphonated by boiling with zinc- dust and 
dilute causti^ soda solution it is converted into 
a^naphthylamine-i : G-disulphonic acid. Digested 


with 70 p.c. caustic soda solution at 175^ it 
furnishes 1 - amino - 8 - naphihol- 4:0- disulphonic 
acid. By sulphonation with !^5 p.c. aiihydro- 
acid, it gives naphihasultamd'H-)' 
phonic acid. 

Naphthasfltam Derivatives. 

Introductory. — When warmed with anhydro- 
aeid, a-naphthylamiriesuljihonic acids in which 
one of the sulplionie groups oeciijues the pen- 
position relatively to the NHo radicle may 
undergo deliydratioi*, forming naphthasiiltams, 
in adihtioii to further sulphonation. Contrasted 
with the siiltones (p, 470), the stability of the siil- 
tams IS remarkable. Neither by boiling a siiltain 
with caustic alkali solutions, nor by heating it 
with ammonia is the anhydride ring attacked, 
although disruption of tins rmg (aeeompanied 
usually by partial d(\siil})honation) can bo 
olTfcted if mineial acids be employed, 'riieso 
napliiliasiiltanisuljihome acids, although not 
diazofisable, can b( eoiijiled with diazotised 
bases, jirovided the 4- jiosition be free. The 
salts art' of Iwo tyjK’s : 

O.S-Nli ().,S'NNa 

AA AA 

Na(),S^^^;S()jNa . Na(),,s'^'^'S()aNa 

I. (acid) IT. (normal) 

Tho.se of type I. are coloiiiiess, but those of 
type II. are yellow and give yellow solutions, 
winch show intense green or yollowish-grcen 
fluori'scenco. 

(i ) Naphlhasultam has been obtaiiicsl -from 
a-riapIitbylaiiiin(‘-8-sulphonic acid by dehydra- 
tion with ])hosphoruH oxychloride. It rrielks at 
1 77'- 178“, and in its behaviour towards ohlorine 
presents many analogies to a-naphihol. On 
nitration, it yields 2 : i-dinitronaphthasuliani, 
pal(i yellow prisms soliilile in caustic alkalis or 
alkali carbonates but almost insoluble in water 
(Dannertli, ,1. Amor. (iiem. Soc. 1907, 29, 1320 ; 
Bayer, 1). R.-P. 210222 ; cf. Ziiieke and Julicher, 
Annalen, l!)IG,4j|, 195; Zineke and ychiirmann, 
ibid. 15)18, 4J6, 75). 

(li.) Naphthasultam - 2 : 4-dIsuIphonlc acId-S 

IS obtained when a-na^)hthylamino-8-8ulphonio 
or 4 : 8-di8ulphonic acid is sulphonated with 
25 -40 p.c. aiibydro-acid at 80'"-90°, the opera- 
tion being continued until a sample of the 
; product diluted with water neither reacts with 
nitrite nor couples with diazotised bases (Bayer, 
1>. R.-B. 795GG; Eng. P. 4979 of 1893; Aktienges., 

: D. J\ Anm. A. 834G ; Eng. P. 2984 of 1893 ; 
Dressel and Kothe, Bor. 185)4, 27, 2139). The 
corresponding a-nuphthylamine-2 : 4 : 8 trisul- 
phonic acid is unknown. • 

1 dent ijicaf 1071. — The acid disodium salt 
Na 2 HA-{- 211 ;jU forms colourless needles, soluble 
in wat(,T without fluorescence, and the trisodium 
salt NaaA-f yellow scales, easily soluble 

in water with green fluorescence. 

Reactions . — Fusion with caustic soda at 
170“-180'' converts it into l-arnino-fi-Tiaphthol- 
2 : 4-disulphonic acid. Digestion with 40 p.c. 
Hulphunc acid at 110° furnishes a-naphthylamine- 
2 : S-dtsulphonic acul, but with 20 p.c. hydro- 
chloric acid at 140°- 160° a-naphthylarMne-S- 
sulphonic acid. When heated in 60 p.c. sul- 
phuric acid solution at 76°-80° with nitric acid 
of sp.gr. 1*2, it is converted successively into 
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nitronaphthasuUamsulphonic acid and 2:4- 
dinitronaphthamlJ,am (Bayer, D. R.-P. 210222^. 

(iii.) Naphthasultam-3 : 0-disulphonic acid is 
pro[)ared by boiling the acid Bodium salt of 
naphthaHultam-Il : (4) : <)-triBulj)honic acid with 
20 p.c. sulphuric acid. 1'hc iriHodmrn salt 
Na,.,A-b4H2() forms easily soluble, small, yellow 
prisms (Bayer, 1). R.-P. 84139; Drcs.sel and 
Kotho, iW 1894, 27, 2149). 

-Fusion with caustic soda at 180" 
converts it into X-amiito-H-naphthol '.i : 
phonic acid. When boiled ivith 50 p.c. suljihuric 
acid, it gives a-naphtfiylannne-li : : H-t) tsvl- 

phonic acid. 

(iv.) Naphthasultamdisulphonic acid-c, ob- 
tained by heating .sodium a-najihtliylamine- 
3 : 8-di.Hu!phonat(' with 40 j>.c. anhv’dio-acid 
at 80' -90", ha.s not Ix'cri de.sciibed (Bayer, 
J). R.-P. 79500; Fng P. 4979 ol 1893). 

(v.) Naphthasultamdisulphonic acid I>, ob- 
tained by heating sodium a-n.ijihthylamiiK'- 
5i: 8-disulphonate woth 40 ]> c. anhydro-acid at 
80 90 ", yields ] -amt no-H-najddhol4isuljdionu‘ 
acid-\) on fusion ivitli caustic soda at I7tt 
(Bayer, D. R.-P. 795()0 ; 80008; J'hig. P. /.r.) 

(vi.) Naphthasultam 3 : (4) : 0 - trisulphonic 
acid IS forimal w lum the acid sodium salt of 
a-naphthylamine-3 : <>,: 8-trisiilphonie acid is 
lu'ated with 25 p e. aiiliydro-acid at 80' until a 
test no longer reacts with nitrite. 'I'he urn/ 
,‘io(ltiim salt Na,ilA ] 41 Id) and the yellow 
sodium salt J>{a4A -|- flBt) are easily, but tlu‘ 
yellow banum salt, is only veiy sparingly soluble 
(Bayer, 1). R.-P. 84139 ; Dressel and Kotlie, Bm-. 
1894, 27, 2147). 

//cmdioies’. — J)igestion with 75 ]) c. c.iustic 
potash solution at 130" eonvm'ts it into \ -amiito- 
H-naphlhol-ti : it-disaljdtontc acid. When boiled 
with 20 p.c. suljibune acid it. yields napldha- 
sul/am-'^ : i)-disulp/i())iic acid-, and with 50 j).c. 
sulphuric acid a-iuiphlliiiiamiiii -3 : 0 . 8 tusul- 
phonic acid (Bayer, I c. ; J)ressel and Kothi*. l.c.). 

(vii.) Naphthasultam - (2) ; 4 : 0 - trisulphonic 
acid IS obtained when the acid .sodium salt ol 
a-naphthylammc -4:0: 8-trisulphonic acid is 
heated with 25 p.c. anhydro-aeid at 80'’-90' j 
until a tost no longm- reacts with nitiite (Bayer, j 
i). R.-J‘. 84140). The'’uru/ nodmm salt forms 
easily soluble needle.s ; the .soduiin salt 
Nu^A-f-OHd), easily solubhy minute yellow 
prisms. Wlum heated with caustic alkali at 
150"-U)0", it is converted into I-a/;n/m-8- 
iMphthol - (2) ; 4 : 0 - tnsul phonic acid (Baver, 
J). R.-P. 84.597). 

('HLORO-a-KAPJllllVLAMINKS. 

•*' 8-Chloro-a-naphthylamine can be obtaimal 
from 1 : 8-diaminonaphthalene by allowung its 
azimino-denvative to interact with copjier 
powder or with cujiruus salts and hydrochloric 
acid at 30®. The liaso forms needlc.s, m.p. f»8® 
(Badisehe, I). R.-R. 447852 ; cf. Attcrlierg, Ber. 
1870, 9, 1730). 

, 6:8-Dlohloro-a-naphthylamine, formed by re- 
duction of .5:H-diehloro-a-mtrona])hthalene, gives 
needles, m.p. 104 ’ (W’ldman, Bnll. fSoc. cliim. 
1877, [ii.l 28, 510 ; Bayer, i). R.-R. 2J)3318). 


When digested with 60 p.c. caustic soda solution 
at 190®-195® it yields l-amino-S-naphthcl~5- 
HulpJionic acid (BaThsche, 1>. R.-R. 112778). 

Several a-ehloro-a-naphthylaminesul- 
phonic acids, prepared by nitrating a-cliloro- 
naphthalenesiil})homc acids and reducing the 
products, have been used in making azo-dyos, 
but not described in detail (Read, Holliday & 
Sons, Kng. R. 13999 of 1897 ; 11730 of 1898). 

8 - Chloro - a - naphthylamine-3 : 0-disulphonic 
acid IS prepareil from the azimmo-derivati\ e of 
j I . 8-diaminoiiaplilhaleno-3 ; 0-disulphoruc acid 
I by inteiaction with co])j)cr powder (Barlische, 

I 1). it -I’. J47852), Ol fiom a-naphtliylanime- 
j 3 : O-disiilphome acid hy conversion into the 
i eliloro-aeid W'lth subsequent mtiation and 
I reduction (Bayer, 1). R,.-P. 289107) it ciysta.l- 
' liHcs from acid solution in lUH'dles. 

Jicactions. -■ It coujilcs with diazoli.scd bases. 
J'hision with caustic alkali corn (uis it into J- 
amivo-H-najildhol-‘.i : it-di'^itljthonic ai id, but 
wiicn lic.itiMl with dilute sulplniiic acid under 
jiressure it yields H-chloro-a-naphfliol-!,] : 0-r/i.s»/- 
phontr acid. 

Acylated by interaction yvith i/i-nitiobenzoyl 
chloride, followed by reduction and condcusa- 
tion with jdiosgeiie, it fuinishcs (nrbamide 
ih'nvatives (ihiyci, l.c.). 

2 • 4-Dichloro a naphthylaminesulphonic acid 
IS ftiiiiK'd when a(«‘t\l-2 : 4-di(iiloio-a-na2»li- 
thylamiiK' is sulphouaicd with 23 p.c, anhydro- 
acid hclow' 45 \ and the iiiodiiet de-aeetvlated 
hy hoiling it with w.iti r. It is .s[)aiingly soluble 
III w'.itm’; iIhS .soilitim salt forms scales, and its 
zinc and maifticsinm salts long maalles. When 
its sjiaringly soliilih', cry stulline umzo- (‘(unjiound 
IS lieatcd with sodium caihon.ib' solution at 00®, 
it IS coin Cl ted into the dtazo-oj'idi of 4-cbloro- 
j I -amiuo-^-na])btholsiilpliomc acid (Badiscbe, 
I). R.-Jh 1,53298 ; Fng. R. 10995 of 1903). 

NinRO-a-NArilTHYLAMTNES. 

(i ) 2-Nitro-a-naphthylamine is obtained as 
aeetvi den vain c, mixi'd with acetyl-4-nitro-a- 
j najihthylamine, by nitrating acetyl-a-naph- 
I tliyhimine in acetic acid solution. By limited 
I hydrolysis of the pioduet with aqueous alcoholic 
; caustic |iotash, 4-nitro-a-naphthyianiine nan be 
I siqiarated from the acetvl-2-mtro-a-naphthyl- 
, auiiiu', W'hiefi is most eonvenumtly hydrolysed 
I hy boiling with ahsiholic hydrochloric acid 
j(BeUma»)n and Remy, Ber. 1880, J9, 797; 
i lljellmami, Ber. 1887, 20, 892). 

[ Identification — It crystallises from alcohol 
I 111 n^ldish yidlow', monoelinjo ^msms, m.^i. 144®, 

I and its arcfi/l denvative in yellow needles, m.p. 
j 199’ (Lellmann, Ber. 1884, J7, 112). When 
j boiled with excess ot e.austic jiotash solution it 
18 eonvertetl into ^-nitro-a-naphthol. 

(ii.) 4-Nitro-a-naphthylamine, prepared from 
aoetyl-4-nitro-a-naphthylamine (v. supra) by 
hydrolysis with alcoholic jiotasli (Liebermann, 
Annalen, 1870, 183, 232), can also be obtained 
by mixing a-naphtiiyloxamic acid with nitric 
, amd (sp.gr. 1 ’30 ) at 30®~40°, and hydrolysing 
! the product wdth alkalis or mineral acids (Lange, 
j J). R.-lh 68227) ; or by heating a-chloro-4-nitro- 


8-Chloro - a - naphthyiamine - 6 - sulphonic j naphthalene with 8 p.c. alcohohe ammonia at 
acid IS formed from the azimino-derivative of ; 150 170® (Oriesheirn, D. R.-P. 117006; Eng. P. 
1 : 8-diaminoiiaphthalenQ-4-8ulphonic acid by I 7692 of 1900). ' 

interaction with copper powder (Badiscbe, ?.c.). ' Identification . — It crystallises from alcohol 
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in orange needles, m.p. 191°, and its acetyl 
derivative in yellow needles, m.p. 190°. When 
boiled with aqueous caustic potash, it is con- 
verted into i-ni(ro~a-nuphthoL 

4 - N 1 1 r o-a-ii a p h t h y 1 a m i n e-fi-s u I p h o n i c 
acid, obtained when a-na])hthylamine-5-sul- 
phoiuc acid, dissolved in 20 times its weight of 
sulphuric acid, is nitrated below 10’, forms 
sparingly soluble, small needles, and its 'todmm 
salt yellow scales (Kayer, I). Xi.-P. 199901 ; 
Eng P. 9498 of 1899 ; r/. Levinstein, Faig. P. 
191 78 of 18‘MJ). 

4 - N itro-a-na])h t h ylaniine-()-suI ph onic 
and 7-sul phonic acids are obtained by the 
mtrition of the coriespnnding a-naf»hthylaminc 
suljihoriic acids or llicir acetyl derivatives in 
suljihiinc acul solution. 'I’lu' 0-sul})honi( acid 
and its salts respectively are less soluble than 
till' 7-isonicnd(‘s (('assclla, 1). R -J‘. 79r)02 ; 

74177; Lng P. lilddl of 1899). Diazntised, 
these acids, singly or inixc'd, havi* been used as 
tirsi* comjioiunit in certain uco-dyes. 

(ill.) 5-Nitro-a-naphthylamlne can be pre- 
jiared by ]iar(ial reduction of 1 : ri-dinitron.iph- 
thaleiie witli alcoholic hydroircn suljihide 
(Pcilstcin and K uhlbi'rir, .Aniiah'ii, 1879. 109, 
87), or by hydrolysis of r>-nitto-a-napht.hvl- 
amm('-4-Hui])hoiiic acid (N’let/Ki and Ziibeleii, 
Her. 1889, 22, 4.72) , o/, mixed with fhc 4- and 8- 
couipoimds, hy lutralion of a-na]»hthylaiiiin<‘ 
dissolved in 19 times its weight <>1 siilphuiic acid 
(Meldohi and Streatiedd, < hem. Soe, 'I'rans. 
1899, (19, 197.7). 

— It ciystallisi's in small, red 
ni'i'dles, 111 ]). 119’, and its orcli/l dmivativ*' in 
l.irgi*, lirown prisms, m j), 229' (HaiJisthe, 
i). R -P 14.7)91). Its si(l})fi(t{r IS less soluble 
than that of the 4- or 8- isomernle 

.7- I tro-a-na])ht h V la mine-2-sul jihonic 
ar'id can be pieiiaied by nitrating a-nuphl hy I- 
ammc-2-sul{)hMnic acid in suljihu/ie acid solution 
below 15’. The and and its dutzo- compound 
ate spaiingly soluble ((^isscll.i, I). R.-T9 79899). 

5-N itro-a-na phthy la in i n e -4-.su 1]) home 
acid IS formed when ac('tvl-a-na[)hthylauiine-4- 
sulphontc acid, mixed with sulphuric acid, is 
nitrated in the cold, and tin* iiroduct dc- 
acctylated by boiling it with dilute and. I’lie 
acid HA crystallises in needles. * 

A nitro-a-napht h y laminesuljilion ic 
acid, probably isommic with these aeid.s, is i 
obtained by reduction of I : .7-dinitronaj)hthal- 
ene-9-8ulphonie acid with sodium sulplwte or ' 
bisuljibite (llochst, 1). R.-P. 117298) 

(iv.) 8-Nltro-a naphthyIamine oeeurs to the 
extent of t3-8 p.c. m the product ohtamed by i,he 
nitration of a-naphth Jamme in sul])hiJtie acid 
solution. It crystallises m red scales, m.p. 99'^'- ' 
97°, -and its acetyl derivative in needles, m.]). 
187°-188° (Meldola and Streatfeild, l.c.). , 

(v.) 2 : 4-Dinitro-a-naphthylamfne can be ob- ' 
tained from aeetykhnitro-a-naphthylamine by ' 
hydrolysis wdtli .79 p.c. Hulphuric acid at ItK)° 
(LielH'rmann, Annalen, 1879, 189, 274 ; Mi'ldola 
and Fomter, Chem. Soc. Proe. 189.1, 9, 8); or 
from 2 : 4-chnitro-a-naplithol by heating it with 
alcoholic ammonia under pressure at J9()°-200° 
(Witt, Her. 1889, 19, 2093 ; Morgan and Evens, 
Chem. Soe. Trans. 1919, 115, 1129). It crystal- , 
Uses in yellow needles, m.j). 237°, and its ac(^tyl ■ 
derivative in yAlow needles, m.p. 250°. I 

Reacfww.— When heated with aqueous 1 
VoL. IV.— T. 


alkalis, it is converted into 2 : i-dinitro-a- 
miphthol. Diazotisation in c^noontrated sul- 
phuric acid solution converis the base or its 
acetyl derivative into ‘i~mtronaphthnlene-\- 
dtnzo 2-oxide (Fnedlandor, Her. 1895, 28, 1951 ; 
Morgan and Evens, Lc.). 

(VI.) 4 : 5 Dinitro a-naphthylamine is formed 
by the nitration of aeetvl-S nitro-a-ftiqihthyl- 
ainine su.spended in sulpluinc acid, ami hydro- 
lysis of tin* product by boiling with dilute acid. 
It eiystallisi‘s m orange siuiles, m.]). 299°, and 
its acetyl deiivative in yellow needles, m.p. 244° 
(iiadiselie, D, R.-P. 145 1 91 ; 158499). 

/\/\nii (!>•) /l-Naphthylamlne (/l- 

I I I ^ aiiiuioNdjilithaletie) was tirst prepared 
V \/ hy ledmdion of I -hromo-^ niiro- 

naphthaleiu' hy tin and hydroehloric acid 
( lu<*heiniaiin and Si heuling. Annalen. 1879, 189, 
294). It IS ohtamed, mixed with varying pro- 
portions of ^/F-dma|)htliy lamiiie, when 
naphthol is heated with ammonia at 1()9 ' under 
pressiiie for ()9-79 houiH (Hadisehe, I). R.-I*. 
14912), 07 with twice ds weight of aiiiiiionia-zine 
ehloridi' at 209' 219 for 2 hours (JMerz and 
Weith, P>er. 1889, 19, 1999), or with 4 times its 
weight of anhydrous or livdrated ammonia- 
ealciiiin chloride at 279 - 289' for 8 hours (Ben/., 
Hit 1889, 19, 19), m, as dry sodium eomjiouml, 
with ammonium eldoride at 299° for 24 houis 
(Oehler, Png. P (pmv. spec ) 2519 of 1880), or 
hy the iasuljihite method, winch lequires a 
])reHHure ui not more than 5-<i instead of 50- 90 
atmospheres and gives a. better yield than the 
oldi'i ])rof( ‘.SSI'S. 

' J*jep((ralion. — ^^-Najilitho] ( 144 pts.) is heated 

w'lth 22 ]) <• amnioriiiim suljihite solution 
(990 pts) and 20 ]).e. ammonia (125 pts.) at 
199’- 1.79' 111 an antoclavi' ])iovided with a 
stirrer, until in tin* eouisi' ot about 8 hours the 
eonversion is complete. Above 159, 
dimijihthylamiiK' begins to b(“ formed. When 
cold, the ^-iiajihthylamme is remoyed by tiltra- 
lion, the tiltraii* lieiiig used for a Hiihsequent 
ojieiation. it is then (‘xtraefed hy hot dilute 
caustic 80 ( 1)1 solution to ri'iiiovi* ^-najihthol, 
dis.solvcd in dilut(‘ hydiVlehlonc acid in which 
^/9'-(liiiaphthylamme is msoluhle, rocovtTcd 
from solution hy the addition of alkali and linally 
distilled in a vaeuiim. 'Phe yield is almost 
quantitative (Hadisehe, 1). R.-P. 1 17471 , Eng. P. 
1987 of 1900; liueherer, .1. pr. Ohem. 1904, |ii.] 
'99, 88). 

Jd< niifiratton .. — It cTystallises from alcohol 
in eolouiless, lustrous scales, melts at 112°, 
bolls at 294" (Liebermann and Jacobson, 
Annalen, 1882, 21 J, 41), is mod(‘rately volatile 
with steam, and dissolvi's easily in hot but only 
sparingly in cold water. 4'he solutions of the 
base show blue fluorescenee ; those of its salts 
are non-fluoreseent. 'Fhe hydroehloride H‘H(9 
forms non-Huoreseent scales, easily soluble, and 
the nitrate HdlNO, and sulphate 
scales, sjiaririgly soluble in watiu'. The platini- 
chloride crystallises in scales, and the picrate, 
from alcohol, in long y«*Ilow needles, m.p. 196°. 
Unlike a-naphthylamme it gives no colour 
reactions with feme chloride, chromic acid, 
bleaching powder, or nitrous acid. 

ReacUoitfi . — It couples with diazotised bases 
as the end component of uzo-dyes. From its 
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diazo- compound, ^-naphihol can be obtained (Lie- | 
bermann, Annal<^n, 1870, 183, 208). Its nitra4-e, i 
by nitration, gives a mixture of 5-nitro- and j 
H-nitro-^‘7iaphthylamine. On sulphonation, it , 
furnishes a series of mono-f di-, and tri-mlphontc j 
acids. I 

lleduction in boiling amyl aicbhol solution j 
with sotfium converts it into ac.-tcirnhydro-^- j 
naphthylamine with about 3-4 p.c. of the ar.- \ 
derivative. When heated alone, or with i 
calcium or zinc chloride, it is converted partially ' 
into ^^'-dinaphthyUimiite and ammonia, but ' 
with sodamide, mixed with naphthalene at 230°, ! 
it gives 1 : i)-ata7nino7iapJUhalnic. i 

Tests. — -Naphthylamine should be fiec 
from fi-iiaplithol and /^^'-dmaphthylamine, and 
thereioro should he completely soluble in dilute 
hydrochloric acid. Jt should also have the 
right melting-point. 

Acyl Derivative. 

Acetyl- )S-n a p h t h y 1 a m i ii e {acet-f^-naph- 
thalide), obtained together with about 14 p.c. 
ot )9^'-dinaphthylamino when /S-naphthol is 
heated with ammonium acetati' at 270'- 280° for 
8 houi-8 (Merz and Weith, Ber. 1881, 14, 234.3; 
Calm, Ber. 1882, 15, 010), is beat prepared by 
boiling )S-naphtbyla:nino with 1*25-1 ‘6 times 
its weight of glacial acetic acid for 12 houns, the 
fi/3'-dinaplithylamine (about 10 p.c.) formed 
being readily separated by crystaliisation from 
alcohol, in which it is only sparingly soluble 
(Liebermann and Jacobson, Annalen, 1882, 211. 
42). 

Properties.^ It crystallises in lustrous scales, 
m.p. 132° (Cosiner, Ber. 1881, 14, 60), dissolves 
readily m alcohol, but only sjiaringly in water, 
and is more easily hydrolysed by dilute acids 
than by alkalis (Calm, l.c.). 

lienctions. — On chlorination, it yields aceiyl- 
l-chloro-fi-naphthylainive. Nitration converts it 
into (icefyl-l-nitro-^-'n(i 2 )fithylairniie. By sul- 
phoiiation with sulphuric acid, it furnishes 
acetyl-^-nuphihylamnK -b-sulphornc acid at 20°- 
30°, or acetyl-Q-naplithylaanne-l-sulpkomc acid 
at 160°-160° (Kinzlberger, 1). P. Anm. K. 5732), ^ 
but with chlorosulphopic acid acetyl- B-naphihyl- 
amiJieA-suiphonyl chloride, m.p, 192° (Hochst, 
D. R..P. 292357). 

Alkyl Derivatives. 

Mothy l-j8-naphthylamine, obtained by 
heating ^-naphthol (100 gr.), methylamine 
hydrochloride (76 gr.), and 5N caustic soda 
solution (190 c.c.) under piessure at 200°-220°, 
is an oil, b.p. 317° under 700 mm. or 207° under 
00 mm., which yields a nitrosamine, needles, 
m.p. 88°, and an acetyl compound, prisms, 
m.p. 60°~61" (Morgan and Evans, Chera. Soc. 
Trans. 1919, 116, 1141 ; cf. Pechmann and 
Heinze, Ber. 1897, 30, 1786 ; Pschorr and Karo, 
Ber. 1900, 39, 3142). 

Dime thy 1-^-naph thy lam ine, prepared 
by heating /1-naphtliylamine (1 mol.) with methyl 

' Acetyl-^-naphtliyluminoBulphonic acids are also 
obtained when sodium ^-Ilapiithylamine-5-, 6-, 7-, 
or S^sulphonate In aqueous solution is wanned with 
acetic anhydride at 60°-60“ for a few minutes. The 
sodium salts, obtained by salting out, and the acids 
derived from them by acidification, are crystalline, but 
much more soluble In water than the corresponding 
napiithylamine compounds (Hochst, D. R.-P. 129000 ; 
Eng. V. 17360 ot 1898). 


iodide (3 mols.), caustic soda (2 5 mols.), atid 
water (6 mols.) at 120° for 6-6 hours, converting 
the quaternary iodide into chloride or hydroxide 
and evaporating the aqueous solution of either 
to dryness (Morgan, Chem. 8oc, Trans. 1900, 77, 
822 ; cf. Bamberger and Muller, Ber. 1889, 22, 
1306), forms .scales, m.p. 46°, b.p. 306°. Reduc- 
tion in amyl alcoholic solution with sodium 
c<ui verts it into ar.-tctrahydrodiinethyl-^-naph- 
IhyUwnnc, mixed with a very small amount of 
the ar.-derivalivc. 

Ethy 1-^-naphthy lamine, obtained by 
boiling a solution of fi-naphthylamiiie (10 pts.) 
in ahohol (30 pts.) witli ethyl bromide (8*6 pts.) 
during 12 hours (Fischer, Ber. 1893. 26, 193), 
18 an oil, b.p. 305° under 716 mm., 191° under 
25 mm. (Bamberger and Muller, Ber. 1889, 22, 
1297), or 315°-316° under 7()0 mm. (Vaubel, 
Fhem. Zcit. J903, 27, 278). 

Reactions .- — It couples with diazotised bases 
furnishing azo~ dyes. Reduction in amyl 
alcoholic solution with sochum converts it jnto 
a mixture of ar. - and &c-ietrahydroeihyl-^-na}di- 
thylaminc, the -derivative being the cliief 
j product. On suljihonatiun “ with weak anhyclro- 
, acid at a moderate tcmjierature, the 5-sulphonic 
I acid, mixed with a small quantity of the H-sul- 
phonic acid, is formed; with moiiohydrate at 
140° the '1-sulphonic acid is obtained ; and with 
20 p.e. anhydro-acid at 110°- 120°, the 5:7- 
disuiphomc acid * is produced. 

l>ielhyl-jS-naplithy lamine, obtained by 
heating jS-naplilliylamine (39 gi.), caustic soda 
(22 gr.), watei (22 e.c.), and ethyl iodide (86 gr.) 
at 120° during 7-8 hoiiis (Moigan, Them. fcoc. 
Trams. J900, 77, 823), is an oil, b.p. 316° under 
717 mill., which on reduction in amyl alcoholic 
solution by sodium furnishes ar.- mixed with only 
a small amount of nc.-tcirahydrodiethyl-^-mph- 
thylamine (Bamberger and Williamson, Ber. 
1889, 22, 1760). 

Aryl Derivatives. 

Phenyl-, tolyl-, and other aryl-)5-naphthyl- 
amincs can be prepared by heating )S-naphthol 
with the respective base (or its hydrochloride) 
under pressure at 200°-210° for 10 hours either 
alone (Graebc, Ber. 1880, 13, 1850; Badisehe, 
D. R.-l\ 14012 ; cf. Oehler, Eng. P. 2516 (prov. 

1 spec.) of IHiiO), or with the addition of ammonia- 
1 zinc chloride (Merz and W^eith, Ber. 1880, 13, 

' 1300), ^ The yield is almost quantitative when 
! ^-naphthol (J mob), the base (2 mols.), and 
j anhydrous calcium chloride (1 mol.) are heated 
, together at 280° under pressure for 9 hours 
i (Friedlander, Ber. 1883, 16, 2077), or when 
I jS-naphthol and the base are heated together 
; with 1 p.c. of iodine at 180°-190° during several 
j hours (Knoll &, Co., D. R.-P. 241863; Knoeve- 
' nagel and yakow, J. pr. (!hem. 1914, [ii.] 89, 
17). These products dissolve in the ordinary 

i 2 Alkyl-/3-DaphthyIamlne8ulphonic acids have been 
obtained by heating solutions of the respective sodium 
^-naphthylammesulphonates with the alkyl diloride 
or sodium alkylsulphate under pressure. The derived 
, duozo- dyes axe much bluer in shade than those from 
, the non-alkylated acids (Bayer, D. R.-P. 41506). 

I * Ethyi-p-naphthylamine-5 : 7-di8Ulphonic 
j acid is not desulphonated either by sodium amalgam 
; in the cold or by dilute acid at 160‘'-170° ; when fused 
I with caustic alkali it yields ethvl‘2-arrino-5-napMhol-7‘ 
sitiphonic acid (Leonliardt, I). R.-P. 96624 ; Eng. P. 

, 10669 of 1896). 
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orcanic solvents, and, when heated with hydro- 
chloric acid under pressure at 240°, regenerate 
jS-naphthol and the base (Friedlander, i.r.). 

Phenyl-^-naphthylamino is obtained 
when ^-naphthol (144 pts.), aniline (170 pts.), 
and iodine (J-2 pts.) are heated together at 
180°-190^ during 7 hours, and the product, after 
successive extractions by dilute acid and by 
dilute caustic soda solution, is cbstilled in a 
vacuum (KnoU & Co., l.c.). 

IdenUjimlwn . — It forms needles, m.p. 108°. 
b.p. 395° (Crafts, Annalen, 1880, 202, 6) or 237° 
under 15 mni, (Knoll & Co., l.c.), is moderately 
soluble in cold solvents, and in solution shows 
blue fluorescence. The hi^drochloride is a 
crystalline powder, decomjiosed by water. The 
acpfyl derivative, m.p. 93° (Streiff, Annalen, 
1881, 209, 157) has been used as a stabiliser for 
nitrocellulose powders (liyan and Drumm, 
Proc. Roy. Irish Acad. 19 18, 34, [B] (8), 105). 
The iiilroso- derivative forms prisms, m.]). 93° 
(iStreiff, l.c,). Tlu' i<>h(cnf-i)-sul'phoriyl derivative, 
m.p. 133°, readily fiirriishcs \-mlro- and 1 : 0- 
dimiro-B-miphthijUunn^c (IMorgan and Mickle- 
thwait, Chem. Soc. Trans 1912, 101, 148; 
Aktienges., 1). ll.-P. 104130; Kng. P. 27497 
of 1904). 

Rpcu'Aiom . — It couples with diazotised bases 
forming azo- dyes. When 8ul])honatcd with 
4 times it.s weight of monohydrate below 50 it 
yields a mixture of the 5- ami H-mo)io.'iulplio7nr 
acid^i (Zimmer, I). H.-C. 45940; Kng. P. 13798 of 
1888 ; Clayton Aniline Co., 1). R.-P. 53049 ; Kng. 
P. 10934 of 1889; Le.sHcr, Ber. 1894, 27,2304; 
Bayer, D. R.-P. 70349; Eng. P. 7337a of 1892). 

o-Toly]-/3-naphthylamine, prepan^d simi- 
larly to the jihcnyl derivativi*, forms scales, 
m.p. 95°, b.]). 235"~237° under 14 mm. (Knoll 
Co., 1). R.-P. 241853). On siiljihonation below 
50° it gives a mixture of the 5- and S-tnoiiovilph- 
onic iiCAd<i ((dayton Aniline C/O., D. R.-P. 57370; 
Eng. P. 5155 of 1890 ; c/. Bayer, l.c.). 

/i-Tolyl-/l-naphthy lam me forms scales, 
m.p. 103°, showing in solution blue fliiorcscmice ; 
its acetyl derivative, needles, m.p. 85° (Knud- 
lander, Ber. IHS.j, 10, 2079). 

Of i\\Qph' nyl-{o- or i)-tohjl-)^-nap1ithylaimnc- 
sulphonic acids, the 5-, 0-, 7-, or 8-8ulphonic, j,nd 
the 3 : 0- or 0 : 8-disul])honic amd can be 
obtained by heating the correspond 'iig )S-naj)h- 
thylaminesuliihonic acid with aniline (o- or 
^i-toluidine) and its hydrochloride at 100°- 170° 
(Biiycr, 1). R.-P. 70349, 71158, 71108; l^lig. P. 
7337a of 1892). Less satisfactory results follow 
when the corresponding j8-na]ihtho]sulphonie 
acid is heated with the base and its hydrochloride 
at 190°-200° (Aktienges,, 1). R.-P. 38424), but if 
the bisulphite method is used good yields are 
obtained (Badisebe, D. R.-P. 122570; Eng. P. 
18720 of 1900). The acids art moderately 
soluble in hot water ; the sodium salts may be 
separated from solution by salting out. When 
coupled with diazotised bases they form nzo- 
dyes which are bluer in shade than those from 
Aryl-a-naphthylarninesulphonic acids. 

^)S'-D i n a p h t h y 1 a m i n eMs formed (3*5 p.c. ) 

1 oa'-Dinaphthi/lamine, obtained by lieatlng a- 
naphthylamine witli ita hydrochloride at 150“, fonns 
scales, in.r. 1 13® (Girard and Vogt, Bull. Soc. cldm 1872, 
[ii.J 18, 68; cf. Calm, Ber, 1882, 15, 616; Benz, Ber. 
1883, 16, 16), Jfi'-Dinaphthylamine, obtained by heat- 
ing a-naphthylamine with /3-naphthol and calcium 
chloride, forms prisms, m.p. 110®-! 11® (Benz, l.c.). 


when jS-naphthylamine is heated at 280°~ 
30^° during 8 hours (Benz, B^. 1883, 16, 14); 
and in larpr amount when it is heated with 
calcium chloride at 260°- 280° (Merz and Weith, 
Ber, 1881, 14, 2343), or boiled with glacial acetic 
acid for some hours (Liobermann and Jacobson, 
Annalen, 1882, 211, 43), or heated at 170°-190° 
in a current of hydrogen chlonde (Klopacli, 
Ber. 188.5, 18, 1586). A hy-produtit in the 
manufaeture of ^-najihthylamine, it is obtained 
in large amount when jS-naphthul is heated with 
ammonia zinc chloride at 280° (Merz and Weith, 
l.c.; Calm, Ber. 1882, 15, 614; Benz, l.c.), 
or with )9-riaj)hthylamine (Badische, 1). R.-P. 
14612), or with ^-riaphthylamine and calcium 
chloride at 270°-28()° (Benz, l.c.). 

Pu'patatioii — An almost quantitative yield 
is ohiamed by boiling a solution of ^-naph- 
thylamiiie (1 pt ) in alcohol (6 jds.) with sodium 
hiHiiljihitc Holutiit” of 40' lie (6 pts.) in a reflux 
apjiaratuH for 24 hours (Bayer, 1), R.-P. 1 14974 ; 
Kng. P. 22804 of 1899), or by heating ^-naph- 
thylamino witli ()-5 p.c. of iodine at 230° during 

4 hours (KiujH & Co., I). B.-I*. 241853 ; Knoeve- 
nagcl, J. ])r. Chem. 1914, jii.J 89, 23). 

rropertu's. — It crystallises in scales, m.p. 
171°, b.p. 471° (Ris, Ber. 1887, 20, 2619). 
Dissolved in alcohol or bcni'-cnc, it shows intense 
blue lluore.scence. When heated with hydro- 
chloric acid at 240°, it yii'lds j9-naj)hthylamino 
and ^-naphtliol quantitativiJy (Ris, Ber. 1886, 
19, 2017), and, with sulphuric acid, mixtures of 
the isomeric ^-naphthylainino- and ^-naphthol- 
sulphome acids (Handoz, 1). R. J*. 64859). 

The 7 : V -dr sulphonic acid has been pre- 
ared from )8-naplitl)y!amine-7-8ulphonic acid 
y the bisulphite method (Bayer, l.c.); the 

5 ; rZ-di hydroxy -7 ; 7' -disulphonic acid from 
2-aimno-5-naplithoi-7-sulphonic acid by the 
bisulphite method (Bayer, l.c.), or by heating 
it with w'ater under pressure at 200° ; and the 
8 : -dihydroxy A\ •. iV -disnlphonic acid from 
2-arnino-8-naphthol-6-8ulphonic acid by tho 
latter method (Bayer, D. R.-P. J 21094 ; Eng. P. 
242J)6 of 1899). 'khe dihydroxy- compounds 
couple with diazotised bases, yielding azo- dyes 
{cf. Bayer, D. B.-P. 114841; 221124; Kng.‘P. 
24296 of 1899). 

jS-NAl’liTHYLAMlNKSULVHONIC ACIDS 

Introductory. — jS-Naphthylamincsulphonic 
acids are obtained by the following methods : — 

(J) By sulphonation of j8-naphthylamine or 
of the derived ^-naphthylaminesulphonic acids. 
The product m most cases is a mixture of acids, 
from w'hieh tho more soluble constituents 
cannot easily be obtained pure. * 

(2) By heating the sodium salts of the 
corresponding jS-naphtholsulplionic acids with 
ammonia under pressure. Except with )5-naph- 
thol-J -sulphonic acid and its derivatives, this 
reaction giv(‘8 a satisfaiitory yield of a pure 
product, and the ease woth which it takes place 
increases with the number of sulphonic groups in 
the molecule. 

(3) By heating the sodium salts of the 
corresponding )9-naphtbolHulphonic acids with 
ammonium bisulphite solution and ammonia at 
1(X1°-150° (r. p. 416). The process is applicable 
to all acids which do not contain a 4-8uiphonic 
group, and is of value for the production of the 
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6-, or 7-, or S-monosulphonic acid, as each of the 
corresponding ^,naphthol8ulphoiuc acids is ob- 
tained in a pure state much more easily from j8- 
naphthohrfbhan is the /S-naphthylammesulphonie 
acid from the mixed acids ol the suljihonatiou 
melt {cf. liueherer, J. pr.tUiem. 1!»04,lii.] 70,:t57). 

(4) By reduction of jS-nitronajihthaleue- 
8ul])honic acids. Only two acids are olitamed 
in this way, viz. the 4 : 7- and the 4 . 8 disiil- 
phonie acids, Init for tin* jiroduction of the latter 
no other modi' of prejiaratnin has been described. 

Four monosuljihonic acids, all of thi'in 
heteronucleal, are known to lie formed b}' the 
suljihonation of /J-na])hthylamme ; six disul- 
phonic acids by thi' Hiiljihonation of moiio- 
siilphonic acids; and six ti isiilphonie acids 
by the suljihonation of disulphonie acids. 
For the suljihonation of /?-najiht.liylamme, 
suljihuric acid is used, but lor that of the 


1 monosulphonic acids 20 p.c. anhydro-acid, 
i aad for tjiat of the disulphonie acids 40 p.c. 

1 anhydro-acid are required, the end of the 
I di- or tri-suljihonation being ascertained either 
I by the solubility of the product or by the 
• behaviour of the diazotised acid with R-salt. 
j 'File effects of concentration of the acid, of 
temjierature and of duration of the reaction on 
the nature of the jiroduct, correspond tvith those 
traced mit in other ea.ses of suljihonation 
(v. ji. 4 1,‘t). It should be noted that suljihonation 
111 the 1-jioHition occurs only when at least one 
other siiljilionie grouji is jiiesent in the molecule, 
and that tlu' I siiljihonie grouji wlu'ii jiresent is 
. the (irstto be ('liiinnated by hydrolysis. 

The following ‘jcheines iliustrate the order 
m which suljilumie groiijis ari' introduced into 
the molecule of the isomeric nionosuljihonie 
acids ; — 



The transformation into the 3 : 5 : 7-trisulphonic aciik at 140*^ is only less remarkable than that 
acid which jS-nnjihthylamine-1 ; 5: 7-tiisulphonie which has Been show n to occur with the 1 : 3 : 7> 
acid undergoes in the presence of 40 p.c. anliydro- tn.sulphonic acid undi'r similar conditions 
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/9-Naphthylaminemonosuljihonic acids are 
very sparingly soluble in water. The di- and 
tri-suljihonic acids dissolve easily in water, but 
their acid salts alie less soluble, and are precijji- 
tated instead of the acids when a mineral acid 
is added to solutions of their alkali salts. 

As sources of azo-dyes, the )S-naphthylamine- 
sulphonic acids are less imjiortant than the 
a-cornpounds. Many of the dyes obtained by 
coujiling them with tetrazo- derivatives are of 


little value {rf. Ca.s8ella, i). K.-B. 4(571 1 ) ; more- 
over, the ^-suljihonic acids cannot be used as 
j middle components in polyazo- dyes, as the 
I Nklo radicle, after coupling has taken place in 
I the or(/io-po8ition relatively to it, does not 
I interact with nitnte to form a diazo- compound, 
but an azimino-like derivative which is incapable 
of coupling (cf. Bayer, 1). R.-P. 7981(5 ; Eng. P, 
9972 of 1893). 

i jS-Naphthylaminesulphonic acids containing 
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either 1* or 8-suIphonic groups do not form azo- 
dyes, but diazoamino- compounds when coupled 
with diazotised bases. Those containing a 1- 
sulphonic group exchange it for hydroxyl, giving 
tho diazo-oxides of fi-amino-a-naphthol deriva- 
tives when diazotised and afterwards vio\rnied at 
with excess (2 iiiols.) of sodium carbon- 
ate solution {rf. Badische, 1). R.-P. 148.SS2). 

^-NafihthyianiiiK'.suljihonic aiids containing 
a 4-su!])honic gioiip, like llu' mfYo-siiljilionic aeid.s 
from a-na|ilithylamine, yield hydroxytoluic acids 
by prolonged heating with caustic alkali solid ion 
at 280 , but, unhk(' them, aic not convciled into 
diaminonajihthaleiK's when heated iindci jues- 
sure with ainnionia. 

Unlike a-naphthylaininesulphonicacidswhich, 
when digested with caiistie alkali solution, ex- 
change the Nll^ for an OH tadicli', jS-naphthyl- 
aniinosiilphonic acuO, uinler similar conditioiis, 
retain the arnino- grouj), (‘xehanginir an a-SO,H 
for an OH radich', thus furnishing aniiiioiiajih- 
tholsiilphonie acids of Aihich they aie an ini- 
liortant sourc<\ 

Prom /^-naphthylanmic-;! . 0- and f* ; 7-disul- 
jihonie acids, cai ha mid(' (hnivativcs have been 
obtained by nu t hods similar to Ihosi' empht\(‘d 
wnth a-naphthvlaniincsiilphonic auds (Ba>er, 
D. K.-J’. 28827:1; r ]> .PiO) 

/S NArirmYLAMlNLMO.NU.St A('ll)S.^ 

(i. ) /^-Naphthylamine- 1 -sulphonic acid ( To- 

hio,s\s a('id) IS obtained when sodium /?-naphthol- 
1-siilphonate is lu'ated with 4 o tinu's its weight 
of 15-20 p e,. aqiu'ous ammonia loi 20 hoiiis at 
220'’~2:i0'’. 'riie jnodnet w lum cold is hitered 
to remove (d-naphlliylamine and the tiltrate 
mixed wnth hydtoehlorie ac id to pri'cipitatc the 
'J'obiaH acnl from nnehang(*d ^-najilitholsul- 
phonate (Tobias, l). R P. 7d<i8H , Eng P. 
15404 of 1S0:{) If, howevei, the bisulphil(‘ 
method be us(«d, the jnodiution of y8-naj)hth\ 1- 
amim* is entirelv avouhal (l>ucheicr, J ju 
Chem. 1904, [ii j 70, :157 ; Radiseh<\ I) R.-P. 
117471 ; Kng. 1’. 1587 of l‘>00 ; v. p. 4J0). 

fdcnliji('<itu))i . — The urn/ separifli's in spar- 
ingly solid •!(' anhydrous scales liom hot, or in 
efflorescent hydrated needles from eold waler, 
the soJLutn salt NaA-j 1U<) in laisily soiuble 
scales, winch give a non-lliiorcsctnl- solution 
(Tobias, l.c ). it is conveitible into ^-rhloio- 
naphthalene \ -,selpho)n/l chloride, m.ji. 7()L (Arm- 
strong and Wynne, Chem. fSoe Pnie. iSJtb, II,' 
2.58), and 1 : ‘’l-dichloroiaiphlhalenf (Armstrong 
and Wynne, l.c. ; Tobia.s, l.c.). 

die actional . — Dia/utised, it forms the first 
comjionent in certain much used nzo- dyes (r/. 
Badische, I>. R.-P. 112853; Eng. Ik 2551 J of 
1899). Erorn its sparingly soluble, ery.stalline 
diazo- compound, ^-naphthol-l-.^dphionc acid 
has been obtained (Tobias, l.c.). Whim heated 
at 250° in a dry neutral atmoHjihere, its sodium 
salt IS converted into sodium p-naphlhylmlpha- 
mnfe (Tobias, f.c.) On suljihonatiou w'lth 20 p.e. 
anhydro-acid it yields Q-napfilhijlamine-V : b- 
dmdphonic acid. 

(ii.) d-Naphthylamine4-sulphoiiic acid is 

obtained when |S-naphthol.4-.sulphonic acid is 
heated with ammonia under pressure (K^ille, 

1 In every Sase where the constitution of a g- 
naphthylaminesulphonlc acid is given, the NUg group 
is supposed to be in the position ‘ 2.' 


1). R.-P. 78tK>5), or, mixed with the S-siilphonio 
aAd, when ;8-naphthylamin*.4 : 8-disulphonic 
acid is boiled wdth zme-dust and dilute caustic 
soda solution (Kalle, D. R.-P. 25595^. 

Idintijkation.— TYic acid crystal- 

lises in .sparingly soluble, long, white needles ; 
the potassium salt KA+ liH 4) in sniujl needles ; 
and the sodium salt NaA-i-4IU() m seak's The 
solution of the Hodiiim salt shows violet fluores- 
eenc(‘. 

Jii actions. — It coiiph's with diazotised bases 
forming o^o-dyes. Bs diazo- com])onnd is only 
sparingly soliihle. Digestion with (id ji.e. 
eau.4ie soda solution at 2.5()'’-2HO' converts it 
into o-loliiic acid (Kallc, I). R.-P. 79028; Eng. 
P. I(155!> of 1894). 

(ill ) /vNaphthylaminc 5-sulphonic acid ([y-] 

add; J)ahl acid), mixed with the 8-sulphonie 
acid, has Ix'cn staUsl to form about 4(1 p c of tho 
product oht.um.i when /i-naphthylamiiic is 
licati'd with 5 tinic.s its weight ot sulphiinc acid 
at KHl 1(15 ’, or ulionl 55 ]) e. of that obtained 
whim fi naphtliylanum“ sul|)hiite is snljihonaled 
at' l,5'’-2d' wiHi :{ tunes its weight of siilj>hunc 
acid (Dahl, D. R -P. 5227(0. oi (IS 70 ]).c. of tliat 
obtained when /Tnajiht h> honinc is sulphonatcd 
with 5 times its weight <d 20 ]).e. anhydio-aeid 
at 70 -80’ (Dahl. I). 2;t084 ; Eng. 1*. 7712 

of 1884). According to (lus-n and Vakil, it 
e<»nstitules .55 00 p e. of the product formed 
whim /^J-na]>hthyla,mine is suljjhonuted with 
sulphuiie acid (I i>ts ) or 20 pc. anhydro-acid 
(5 pts ) at 20" -80 during 5 hours (Chem. Soc. 
Trans. J9IH, 115, 58, r p. 415). It is also 
obtained when ac('tvl-jS-na|)ht hylamme is sul- 
phonated at 20 -50 ' with 5 limes its weight of 
snljihiiiie acid, and tti(‘ product de-aeet} latcd 
by boiling it with watci (Kinzlhciger, D. P. 
Anm. K. 5752). 

Preparation. — /S-Najihthylamim' sulphate (85 
]»ls ) is stiiK'd W'lth suljjhurie acid (270 pts.) at 
15 -20' (luring 48 70 hoiiis until suijihonated, 
the product then jioiiKsl into watei, the jiieeipi- 
tated acids converted into sodium salt, and tho 
dry sodium salt (“xtracti'd by boiling {10-95 p.c. 
ah'ohol, in which the S-suljihonatc is insoluble 
The residue left after ^nnoval of the alcohol 
from the filtrate by distillation, is dissolved in 
water ; thi* acids prccipitatixi by hydrochloric 
acid arc coiucrted into barium salt, and this 
crystal li.H(‘d fractionally to sc[uirute the sparingly 
soluble 0- <and 7-sul])honates which may be 
present in small quantity. A partial separation 
can be effected [irevioiis to tlm extraction with 
alcohol by converting the sulphonation product 
into tlu' barium or calcium salt, and allowing 
the ()-, 7-, and h-sulphonates to separate, aii» 
far as possible, from the concentrated solution 
(Dahl, D. R Jk .32271, 52275). 

Identification. — 'J’he acid HA forms needles 
or scales, soluble m 250 jiarts of boiling or 15(X) 
parts of cold water. 'Plie salts dissolve easily 
in water, and, like the acid, show reddish-bluo 
fluorescence in dilute solution. The barium salt 
BaA^-f2iH^() forms granular aggregates; the 
calcium salt ('aAg-f 1 IR 2 O, needles, soluble in 
11 parts of cold water; the potassium salt 
KA-j-HjjO, small rhombohedra ; the sodium 
salt NaA-f 5 H 2 D, prisms, soluble in 10 parts of 
boiling 95 p.c. alcohol; the ammonium salt, 
plates (c/. Forsling, Ber. 1887, 20, 2103). It is 
convertible into p-cldoronuphihal€iie~6-8tilphonyl 
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chloride^ prisms, m.p. 70°, and 1 : ^-dichhro- , 
naphthalene (Armstrong and Wynne, Chem. S6c. i 
Proc. 1889, 5, 48 ; Cleve, Bcr. 1892, 25, 2481 ; , 
Forsling, Lc. ). 

Reactions. — From its sparingly soluble diaw- 
compound, B-naphthol-d-sulphonic acid has been 
obtained,. Fusion with caustic potash at 2()()°- 
270° converts it into 2-amino-h-napMhol. On 
Bulphonation with 20 p,c. anhydro-acid in the 
cold it yields a mixture of ^-naphthylamine-t) : 7- ! 
disulpfwnic acid with the J ; G-disulphonic acid 
as minor product. ' 

(iv.) ^-Naphthylamine-O-sulphonlc acid ([/S-1 
acid ; Brunner acid) (joc-urs to tlie extent of about 
50 p.c. in the jiroduct formed when jS-naphthyl- 
amine sulphate, or ^-naphthylamine-5- or 8- 
sul phonic acid is heated with 3 times its weiglit 
of sulphuric acid at KJO^-HO*^ for 2 hours {v. 
7-sulphoni(: acid). It is alsu produced, mixed 
with a small proportion of th^ 7-sulphonic acid 
(Bayer and Duisberg, Per. 1887, 20, 1429), w^hen 
^-naphthylamme hydrogen sulphate is baked at 
20()°-210° for 2 hours (Tjiebmann, li. P. Anm. L 
3205); or when ^-naphthylamine is heated with 
3 times its wiught of potassium bisulphatc at 
about 230° (Bischotf and Brodsky, Ber. 1890, 23, 
1914). 

Preparation, — ^-Naphthylamme-b-suljihonic 
acid and its salts, being much less soluble in 
water than the 7- compounds, can be separati'd 
without irmch difficulty by fractional crystallisa- 
tion from the products obtained either by 
sulphonating fi-naphthylamino umh'r the con- 
ditions just (lescribcd. or by heating imjnire 
)9-naphtholb-Hulpbonic acid, containing the 
7-i8omeride, with ammonia {<f. (Ireen, (’hem. 
Soc. Trans. 1889, 55, 37 ; Fug. P. 15849 of 1888). 
As with the 7-isomeride, the jiurity of the (i* 
sulphonic acid can be judged from the njijiear- 
ance of its crystals, or of those of its aminoniura 
salt, as they sejiaratc from solution ((freen, Lc.). 

The pure acid ^ is obtained w hen ^-naphthol- 
O-sulphonic acid is heated w ith aqueous ammonia ' 
at 180° under pressure (Brbiiner, i). R.-P. 
22547; Fng. P. 3724 of 1882; cf. Landshoff, 
1). R.-P. 27378 ; Ber. 1883, fO, 1932) ; or, mueh | 
more easily, when the bisulphite method is ; 
applied to it (Buchcrer, d. pr. Chom. 1904, [ii.] 
70, 357; Badische, 1). R.-P. 115335, 117471; 
Eng. P. 1387 of 1900 ; v. p. 410). 

Identification, — The acid HA-flljO crys- 
tallises in scales, soluble in 030 parts of boiling 
water (Weinberg, Ber. 1887, 20, 2909), and, like- 
its salts, shows blue fliioreseencc in solution. 
The lead salt l’bA2-f2H2() forms scales, soluble 
in 670 parts of w ater at 1 ° ; the barium salt 
r BaAj-f OHjO, long needles, soluble in 450 parts 
of cold w^ater ; the calcium salt CaAo + OHjd, 
scales, soluble in 225 parts of water at 6° ; the 
potassium salt KA-f-HaO, silky needles, soluble 
in 40-45 parts of cold water ; the sodium salt 
NaA-f-2H20, silky needles, soluble in about 
40 parts of cold water, and easily in hot 90 p.c. 
alcohol {cf. Forsling, Ber. 1887, 20, 77 ; Lim- 
prioht, quoted by ISchultz, Chemie des Stein- 

^ The second naplithylamiiiesiilphonlc acid — 
ciiaracterised by its solubility in water, the solubility 
of Its sodium salt in alcohol, and the redder shade of 
the derived azo-dyes — wliioli is stated by the Farb- 
labrik vorrn. Bronner {Lc.) to occur In the Bronner 
product, doubtless owed its origin to impurity in the 
Sclillifer acid employed {cf. Bayer and Duisb^g, Ber. 
1887 . 20 , 1427 ). 


kohlenth., 3rd ed. i. 209). The ammonium salt 
NH4A+H2O, largo thin plates, is the least 
soluble of the ammonium 6-naphthylamine- 
sulphonates in cold water (Green, Lc,). It is 
convertible 'into ^-cMoronaphthalene-Q-mlphonyl 
chloride^ prisms, m.p. 109° (ForsUng, Lc.), and 
2 : Q~dichloronaphlhalene, (Forsling, Lc. ; cf. 
Armstrong and Wynne, Chem. Soc. Proc. 1889, 
5, 62). 

Reactions. — It couples with diazotised bases 
forming the end component of some disazo- dyes. 
From its moderately soluble yellow diazo- 
comjiound nr by the bisulphite method, B- 
uapfithol-{y-mlphonic acid can be obtained. On 
Hulphonatioii with 20 p.c. anhydro-acid at 20°, 
it yields a mixture of ^-napUliylamine-\ : 6- 
disulphonic acid with about 20 p.c. of the 6 : 8- 
disulphonic acid. 

iSulxstitutioii derivatives in which methyl, 
phenyl and fuchsin radicles respectively occur 
in the amino- grouji of jd-naphthylamine-6- 
sulphonic acid can be obtained by the bisulphite 
method if mcthylamine, ariibne and fuchsin are. 
used in place of ammonia (Badiselu*, T). R.-P. 
121683, 122570, 125589 ; Eng. P. 18720 of 1900). 

(v.) d-Naphthylamine 7 sulphonic acid ([S-] 
acid ; Faicid) is obtained, mixed with about an 
equal quantity of the 6-sulphoiiic acid (Schultz, 
i Ber. 1887, 20, 3159), when B-naphthylamine is 
heated w'lth 6 times ds wiught of sulphuric acid 
at teraperatuie.'^ above 150° (Baj^er, J). H.-P. 

' 39925; Eng. P. 5840 of 1880); when ^-napb- 
; thylamine sulpbato is heated with 3 times its 
weight of suljihuric acid at ]00°-170° (Bayer, 
1). R.-P. 41505); or when jS-naphthylaniine-6- 
or 8-sulphoinc acid ih heated wuth 3 times its 
weight of sulphuric acid at 109°- 170° for about 
2 hours (Bayer, J). R.-P. 42272, 42273 ; Wein- 
berg, Ber. 1887, 20, 3354; Erdmann, Ber. 1888, 
21, 037). It 1.S also said to bi‘ the product when 
acetyl -)9-naphthylamine is heated with 0 times 
its w'eight of sulphuric acid at 150°~160° for 
1-lJ hours, and the jirroduct do-acctylated by 
pouring the hot melt into water (Kinzlberger, 
B. P. Anm. K. 5732). 

PrepanMon. — From the mixture of acids 
preciplfcated by pouring the sulphonation melt 
obtained from ^-naphthylamine at 160°-170° 
on to ice the (i-suljihomo acid can be isolated 
with little trouble, but the separation of pure 
7-8ulphoinc acid is much more difficult. Frac- 
tional crystallisation of the mixed acids from 
water at about 80° (Schultz, Ber. 1887, 20, 3159), 

' or of the mixed copper salts (Aktienges., 1). R.-P. 
44248 ; Eng. P. 687 of 1888), or lead salts 
(Aktienges., i). R.-P. 44249 ; Eng. P. Lc.), the 
7-compound being in each case the more soluble, 
can be employed in tlie laboratory but is value- 
less on the large scale. The purity of the 7- 
sulphoiuc acid isolated by any of these methods 
can bo judged from the appearance of its crystals 
or of those of its ammonium salt as they separate 
from solution (Green, Chem. Soc. Trans. 1889, 
55, 36). 

The pure acid is obtained when sodium j8- 
naphthol-7 -sulphonate is heated with twice its 
weight of 20 p.c. ammonia at 250° for 6 hours 
under pressure (Cassolla, D. R.-P. 43740 ; Eng. 
P. 12908 of 1886 ; Bayer and Duisberg, Ber. 
1887, "20, 1432 ; Weinberg, ibid. .2908 ) ; or more 
easily' when the bisulphite method is applied 
to it (Bucherer, J. pr. Chem. 1904, [ii.] 70, 357 ; 
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Badische, B. R.-P. 117471 ; Enc. P. 1387 of 
1900 ; V. p. 41G). " , 

Identification.— -The acid HA-f HjO forms i 
slender, voluminous needles soluble in 350 pi.rts 
of boiling water. When boiled vdth a quantity 
of water insufficient to dissolve it, the crystalline 
acid changes into a very sparingly soluble, 
anhydrous, sandy powder. The barium salt 
BaAj-fSHaO forms thin scales, soluble in 400 
parts of cold water; the caUium salt CaAg 
+ 6H2O, scales, soluble in 270 partK of cold 
water; the potasmim salt, needles, soluble in 
40 parts of cold vatcr; the am mom uni salt, 
small plates; the sodium salt NaA j 41120, 
small needles, soluble in hot 90 p.c. alcohol 
and in 70 parts of cold water (r/. Bayer and 
Duisberg, l.r. ; Weinberg, l.c. ; Schultz, /.r.). 
The solutions of the salts show reddish-violet 
fluorescence. It is convertible into ^-chloro- 
7mphthalenc-l-sulphmijl cJtlondc, jinsms, in p. 
Sir (Armstrong and iVynne, Clieiii. Soc. Proe. 
1889, 5, 49; (leve, Her. 1892, 25, 2484), and 
i : l-dicldorormphihalcuc (Erdmann, Her. 1888, 
21, 038 ; Armstrong and Wynne, I < .). 

RiUtiions. — T1 couples with dia/otisi'd bases, 
being end comjionent of some disazo- dyes, 
brom its orange-red 'Itazo- eom|K)iind or by the 
bisulphite method ^-naphthol -'i -sulphonic acid 
can be obtained. Digestion with 50 p.c. caustic- 
soda solution at 2(K) -280° converts it into 2- 
umuio-l-Miphlhol, Heated with 20 ]).<!. sodium 
bisulphite solution at 90 ’-100° for 24 hours, its 
sodium salt is converted into sodium 
dinaphthylamijic -1 : 1' -ihsulphonutc. On sul- 
phonation with 20-25 pc. anhydro-acid at the 
ordinary temperaturi', it yieltls three ji- 
naphihylamiruidisulphonir acids, riz. the 1 : 7-, 
4:7-, and 5 : 7-isomeridcs. 

The dimethyl- derivative, obtained by heating 
the acid with dimethylamine under pressure at 
220°, IS converted into dimethyl -2-am ino-1 - 
Tuiphlhil by fusion with caustic alkali (Deigy. 
D. K.-P. 90310). 

(vi.) 5-Naphthylamine 8 sulphonic acid ([a-] 
acid; liadische acid) is formed (39-44 ji.c.), 
together with the 5-8ulphonic acid»and about 
1 p.c. of tJic mixed 0- and 7-isomeride8, when 
)S-naphthylamine is lieateil with 3 times, its 
weight of sulphuric acid a I 100°- 105° * for about 
0 hours (Badische, D. R.-P. 20S60 ; Dahl, 
D. R.-P. 29084, Eng. P. 7712 of 1884; Green 
and Vakil, Chem. Soc. Trans. 1918, 113, 38; 
cf. Green, ibid. 1889, 55, 30). The proflortion 
of the 8-8ulphonic acid does not exceed 45 p.c. 
when 6-naphthylamino sulphate is sulphon.-y^ed 
With o times its Wf ight of sulphuric acid at 
15°-20°, while it aim units only to 30 p.c. when 
jS-naphthylamino is sulphonated with 3 times 
its weight of 20 p.c. anhydro-acid at 70°-80° 
(Dahl, l.c. ; Green, l.c.). The •acid is also 
obtained when jS-naplithol-S-sulphonic acid is 
heated with ammonia under pressure (Bayer, 
D. R.-P. 42273 ; Ptitzmger and Duisberg, Ber. 
1889, 22, 397), or when the bisuliihito reaction 
is applied to it (Buchorer, J. pr. Chem. 1904, 

1 ForsUng’s statement that the sulphonation 
product at 140® consists almost entirely ot a mixture 
of the 5- and B-sulphonic acids (Ber. 1887, 20, 2100) 
must be regarded as Incorrect in view of the fact that 
the product at 420° contains no loss than T'.'i p.^. of 
the mixed 6- ami 7-8ulphonic acids (Green and Vakil, 
l.e. ; cf. Bayer, D. R.-P. 42273 ; Weinberg, Ber. 1887, 
20. 8354). 


[ii.] 70, 358 ; Badische, D. R.-P. 117471 ; Eng.P. 
1387 of J1K)0 ; v. p. 41«). , 

Preparation. — The product obtained by 
sulphonatmg ^-naphthylamine suljihato with 
3 times its w-eight of sulphuric a.cid at iry-20° 

I is converted into sodium salt, wdiich, as a dry 
pow-^der, is extractc'd with 90-95 p.c. tycoliol to 
remove the isomeric salts, the residue consisting 
of the pure sodium ^miplitliylaminc-8-8ul- 
I phonate (Dahl, l.c. ; Green, l.c. ; v. S-sulphonic 
I acid). 

Identification . — The acid forms slender 
I needles, soluble in 200 jiarts of lioiling or in 
1709 jiarts of cold water. Tlie salts, like the 
acid, show 1)1 lie tliioi ('sconce 111 dilute solution 
{(■/. Eoishng, Ber. JH87, 20, 2100). 3'he 

barium salt BaAj-| 4 !!;.() forms prisms, soluble 
in 23 parts of eolrl wait'r; the calcium salt 
CaAg |-()1EG, jjrisms, soluble in 1] jiarts of 
cold wnter; the ' /lotassi am salt RA-f AHjO, 
six-sidcd prisms ; llic sodium salt NaA ( Erdmann, 
Annalon, 1893,275, 281), large prisms, insoluble 
111 al(‘oliol ; the ammoiinim salt (Green, l.c.), 
large solid juisms. It is convertible into ft- 
chloronaphlhalenc-l^-svlphonyl chloride, needles, 
111 ]) 129°, and \ : 1 -dichloronaphthaleim (Ann- 

stiong and Wyiiiu*, (Hiem. Soe. IToc. 1888, 4, 
105 ; 1889, 5, 53 ; Forshng, l.r. ; Ber. 1888, 21, 
2803; 1889, 22, () 19). 

lieaitioas. — It does not furnish azo-dyes by 
C()U])ling with diazotised bases, but soluble 
I ytdlow diazo-amuio- coin])oun(]s (Witt, Ber. 

; 1888, 21, 3483; Erdmann, l.r.). From its 
i sparingly soluble diazo- compound or by the 
' bisulphite method, j^-najihthol-H-sulphonic acid 
J can b(* obtained. Fusion with caustic alkali at 
2GO°-270° converts it into 2-amua)-H-miphihol. 
On Hul|)honation in the cold with 20 p.c. anhydro- 
acid, it gives fi-naphthylaunne-i) : i<-disulphonic* 
acid. 

)9-NAPHTHYLAMINEmStJLPHONIC AoiDS. 

(1 ) ^-NaphthylamIne-1 : 5 disulpbonlo acid is 

obtained w hen B - naphthylammo - 1 - sulphonic 
acid IS sulphonated with 20 p.c, anhydro-acid 
in the cold (Armstrong aj;id Wynne, Cffiem. 800. 
Proe. 1895, 11, 238); or (as minor product) 
mixed wuth the 5 : 7-di8ulphonic acid when 
^-naj)hthylamino-5-sulphonic acid is sulphon- 
ated under similar conditions (Armstrong and 
Wynne, ibid. 1890, (1, 129). 

, Idenhjication. — 3'he normal potassium salt 

is moderately soluble in water, and convertible 
into ^-chloroiuiphthalena-] : H-disulphonyl chlor- 
ide, jinsms, m.j). 158°, and 1:2: b-trichloro- 
naphthalcne. (Armstrong and Wynne, l.c.). ^ 

licactions. — From its sparingly soluble diazo- 
compound, the diaw-oxide of 2-amino-l- 
[ naphthol-5-sui})honic acid is obtained either by 
I addition of sodium carbonate at 60°-(>0° to 
remove free mini'ral acid, or by oxidation 
with sodium hypochlorite in alkaline solution 
(Badische, D. R.-P 145lX)(i ; Eng. P. 0616 of 
1902 ; D. R.-P. 100536 ; Eng. V. 4997 of 1904). 
Fusion with caustic alkali at 210°-230° converts 
• it into 2-amino-5-naphlhol-l-sulphonic acid. Ou 
suljihonation with 40 p.c. anhydro-acid at 100°, 
it yields ^-naphthylamine-l : 6 : 1 -trisulphonic 
acid. 

(ii.) jS-Naphthylamlne-l : 6-disulphonio aeld 
is obtained as chief product, with about 20 p.o. 
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of the C : S-dieulphonic acid, when i3-naphthyl- 
ainine-()-8ulpborpc acid is sulphonatcd "v^ith 
20 p.c. anhydro-acid at a t<‘rnperaturc below 
20° (Armutrong and Wynne, Chen). »Soc. Proc. 
J890, 0, 130 ; c’f. ForHliiig, Jier. 18K8, 21, 3495) ; 
or, pure, by ap])lying the bi.sulphit(‘ reaction to 
sodium i9-naf)ht})ol-l : ()-diHulj)liona1e ( Badisehe, 
I>. 1 17471; Eng. P. 1387 of 1900; r. 

p. 416). 

Idavtifkalion. — Th(' rimmul polassimn .salt 
K2A + 2H^{) in large crv.slals, the ,'^odnnii salt 
in long m'edlcH, and tlu^ nittmonnini salt fN II 
-f-HaO in tnclirnc forms, are vmv soluhh*; lull 
the ((('1(1 j>()l((y..si i( in salt KHA ( II.O ami (k id 
sodium salt NallA in hmy needlt>,s, are 

only Hjiaimgly .so, and in ddnt<‘ solution show 
blue fluorescence (F<irsling, lx.). It is eonvm-l- 
ihle into ^ ( /iloronapfil/i(il( it(‘-\ : {i-dif^iiljihoui/l 
chloride, prisms, m j). 124.5", and l:2-6-/)/- 
cliloroiKiplilhdlciie ( Forsling, l.a ; Ainisiiong and 
Wynne, l.c.}. 

Rearhon. — Its s|(aringly .soluble, crystalline 
duizo- compound, wlxm warmed with ('xeess of 
sodium carbonate solution, yields tlu* diazo- 
oride of 2 ammo- 1 -naj)lithol-6-siilphomo acid 
(Padi.sehc, I). U.-l’. 148SS2; Emi. P. ()615 of 
1902). 

(ill.) ^ Naphthylamine-l : 7-disulphonic acid, 
formed (25 ]).c. ), totrether with the 4:7- and 
5 : 7-diHulphonie acids, whim /l-na]»hthylamme- 
7-suJplionic acid is sulph<»nated in the cold with 
20-25 pc. anhvdio-ai id, is se])arated trom tla* 
product by con\ citing it into normal pota.ssiiini 
salt, and colh'ctmg the hsist solubh' poition l>v 
fractional ta-ystailisalion (B,i\ci. I). Jt,-P 
79243 ; Dre.s.scl and Kotlu', Bci.' JS94, 27, 1 I9C 
It i.s also obtained u hen pota.ssium /j-naphthol- 
1 : 7-diHnli)honate is heated cithci with am- 
' monmm chloride and ammonia .solution at. 
180"-200°(PaycT, I) P. Antn. E 7274, J). It -P. 
77596; l*]ng. P. 1063 of 1894; Diesscl and 
Kothe, lx. 1206), oi mor'* easily when the 
bisuljilute method is apjilicd to it (Hadi.sch(‘, 
1). K.-P. 117471; Eng. P. 1387 ol 1900; r. p. 
416). 

Jd( nliJiralioiK — 'Dk' iioriiutl hornim salt, 
moderately soluble m-gdles . tJu' potassium salt 
K2A-f3ll2(), large monoHvmmetric crystals, 
and the acid potassium salt, siiaringly soluble 
sloiider needles, give; solutions showing violet- 
blue tluorescence (Dresscl and Kothe, Ic.). 

Reactions. — In acetic acid solution it does 
notcoiijile w ith diazolHoizene (Bayer, l>. P. Anin. 
F. 7274). From its easily soluble diazo- com- 
pound, ^-naplithol-l : 1 -d isul phonic acid can be 
obtained, and, when warmed with sodium 
^ 9arbonate solution, the diazo-o.nde of 2-ammo-l- 
naphthol-7-sulphonic acid (Badische, 1). K.-J\ 
148882; Eng. P. 6615 of 1902). Prolonged 
boiling wnth 20 p.c. hydrochloric acid conveits 
it into ^-vaphtlij/lannuc-1 -suljihouic acid (Dresscl 
and Kothe, l.c.). 

(iv.) d-Naphthylamine-3 : 6-disulphonic acid 

{8-7uiphtliplamine-[a-]di&ulpho}nc acid ; amino- 
ii-acul) is obtained from sodium /8-naphthol 3 : 
6-di8ulphonate either by heating it Avith am- 
monia at 200°-250 ’ under pressure (Pfitzinger 
and Duisberg, Her. 1889, 22, 398 , c/. Landshoff, 
D. R.-P. 27378) ; or more easily by the applica- 
tion of the bisulphite method (Badische, D. R.-lb 
117471 ; Eng. P. 1387 of 1900 ; r. p. 416). It 
is also formed when sodium ^-naphthylamine- ' 


3:6; 8-trisulphonatc is boiled with zinc-dust 
and dilute caustic soda solution (Kallc, D. R.-P. 
233934). It IS convertible into ^-chloronaph- 
thalencA\ : (i-disulphoiiyl chloride, needles, m.p. 
165“, and 2:3- iS-tnchloronaphihalem (Arm- 
strong ami Wynne, Chem. Soc. Proc. 1890, 6, 
12). 

Ri actions — \ t couples with diazotised bases 
as end component in numerous nionoazo- and 
(/<.srt;:o-dycs Digc.stion with 75 p.c. caustic 
soda solution at 230 -250' converts it into 
'l-amiuo-W-uaphthol-W-sulphoutc acid. 

(V.) )S-Naphthylamine 3 : 7 disulphonic acid 
[fi-naphthiflami ue-[h^\di.',u(ph(,uic ai id), formed 
wlxm sodium /Fmi])bthol-3 . 7-disiilj)bonate is 
lieatixl with 25 p.c. amnionia solution under 
]u-eKHuie at 200 (Fa.s«ella, D. R.-J‘. 46711), is 
moie ea.^ily obtained wiien the bisidpliife method 
IS a[)j)lie(l (o it (Badisclic, J). R -1*. 117471 ; 
Eng. P. 1.387 of 1900; r. ]) 4 16). It is also 
obtained whi'ii /5-na phth vlamine- 1 • 3 : 7-tri- 
suljdiomc acid is boihal with dilute mineral acids 
(l)ics.s(4 and Kotlie, Ih-j. 1894, 27, I 199). 

JdciilijKatiou --T\\v ((( 1(1 hnnuin salt forms 
vciy siJ.iimgly .soiubl'- imcioscojiic ciystals ; 
the (i( 1(1 potas.sium .salt, sjianngly solubh' scales ; 
the (((id sodium .salt disselves in I2‘5 jiaits of 
boiling watei, oi in 50 parts ol water at 20“, 
the .solutions showing bine Ituoiesci'iice (Dresscl 
and Kothe,/ ( .) it is convertibh' into ^-cliloro- 
ua phthaU ue : 7 -disulphoui/l chloride, needles, 
m p. 176”, and '2 .'^-.Vi-liuhloioiiajihlhah ue (Arm- 
■strongand Wynne, ( 'lieiii. Soc Proc. 1890, 6, 127). 

Riadious . — li coiijilcs AVitli diazol.iscd bases 
as I'lnl eomjxuu'iit in disazo- dyes. On sulpbon- 
atmn with 0) ]) e anli\dio acid at 80'-90‘, 
it IS ctinvi'itcd into f^-uaphlhi/laiiinic-] : 3 ; 7- 
hisutjihoiiii add. 

(vi.) /FNaphthylamine-4 ; 7-disulphonic acid 

{.\ud)eseu's acid) is oldamcd when ^-nitro- 
napli(balcnc-4 . 7-disulphoni(; acid is redueed 
(Schultz, Ber. 1890, 23, 77) , or ^25 ]).c.) when 
^-naphthylainm('-7-sii1))home acid is Biil])hon- 
ated with 20-25 p.c. anhydro-acid in the cold, 
and, after removal of the 1 : 7-disul])honir acid 
as i)ota.ssium salt, is separated as normal sodium 
.salt from tlu* more soluble 5 : 7-(li8iilphonate 
(Biyyer, D, R.-P. 79243; Dresscl and Kothe, 
Ber... 1894, 27, 1196 ; i\ 5 : 7-di8ul})honie acid). 

J dent ijki'.t ion. — The nojinal barium and 
sodium salt.s, crystalline crusts, and the acid 
sodium salt KaHA-l-H ,0, needles, m dilute 
solution show intense blue huorescence (Dressel 
and Kothe, l.e.). It is convertible into B- 
chUpouaphthnltiu -4 : 1 - disulphou yl ehloride, 
nt'edlcs, m.p. 174' , and 1 : 3 ; (ktrichloronaphlhal- 
cue (Armstrong and Wynne, Cliem. Soc. Proc. 
1891, 7, 27). 

Reactioun'i . — Diazotised it furnishes ^-naph- 
thol-i-.T-dtsuhphonic arid when boiled with 
Avater. Digestion ivith 35 p.c. caustic potash 
.solution at 180“- 200“ converts it into 2-amiiw-4- 
ua pht hoi -l-su! phonic acid. When heated with 
aniline and aniline hydrochJonde at 150°-170° it 
yields diphenyl-l ; '4-di(nuiUimaphlhalene~Q-suU 
phonic acid, 

(vii.) )9-Naphthylainlne-4 ; 8-disulphonic acid 

{V-aetd) 18 obtained by the reduction of B- 
iiitronaphthalcnc-4 ; 8-chsuIphonic acid (Casselia, 
D. R.-P. 65997 ; Fischer, cf. J. S^ic. Chem. Ind. 
1898, 17, 837). 

Identijkatwn . — The acid forms prisms ; the 
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acid barium salt BaHoA,, minute needles ; the m.p. 156*^ ; and 1:3: 6-trichloromphthalcne (Ann- 
acid sodium salt, needles, easily soluble in hot strong and Wynne, l.r.), ^ 

water. The alkaline solutions show deep blue limctious . — By the bisulphite rueihud, it 

fluorescence. It is convertible into w-op/d/m/t Mr- furnishes ^-naphtfiol-^ : l-disulphomc acid. Do 
1 : 5-di3ulphon>c acid (Cassella, l.c.). gestion with 50 p.e. caustic soda solution at lOO'" 

Reactions . — It does not couph' with dia/.o- converts it into 2-amuiv-5-napliiliol-l-stdph()inc 
tised bases ((^assella, From its modiTately acid (.i-acid). On sulphonation with 40 ]).c. 
soluble diazo- compound, ^-a/ip/i^/io/-4 : H'diM//- anh>airo-aci<l at 100‘’, it yields ^-iiapflthi/lannnc- 
phonic acid lias be«*n obtained. Fusion with ] : 5 :l-ln'<idph(>tnc acid When desuljihonated 
caustic alkali at 21.T' conveits it into '1-aminoA- bysoilium amalgam]nthecold,^-ae'/>//^/////ann?a- 
naphthol-'i^-siilphonic and. B_v digestion vitli l-sulphonu and is tlu' product ( liayiM", D. H.-P. 
water or 10 p c. suljiliunc aei<i at ISO ", it yndds 255724; Fng. J*. 21^172 of 1011). 
fi-naphtholA-snl phonic (H id. a Converted into tlu' l.oliu'iu' /i-sulphonyl d('- 

When hoik'd w it li znic-dust and dilute caustic n\ativ(', it gi\*'s the I -i /do/'o-coinpound on 
soda solution it furnishes a mixture of the 8- t'lilonnation, fioin whah \-(hl<oo-'l-a>nnw-b- 

Miphlhi/lainini A- and S-.snlphonic arir/.v (Jxallc, iia}ditliol-l-si(lplionn ai id can hi* prcjiai'cd. 

1). Jt.-P. 233034), hut with sodium amalgam in (ix ) /j Naphthylamlne <> : s-disiilphonlc add 
the cold the ])roducts an* fj naphthi/lninnu -S- {^-nnjdithi/lantiiK ~\y-\disulplioiii( ai id ; atnino- 
.sulphonic and (lia\ci, D 1\ -I*. 2,h5724 , Fng. (\-acid) is ioimed as ehiel piodiu't when 
I*. 2S172 of l‘)l 1 ) and /Taap/d/oy/an/i/ir ( Filed' iiajihtliylammc •miphate is lu'ated v\ ith three 
landi!!' and Jjucht, Her 18!t3, 2(), 303.3). Nitia- times i(,.s weight ol 20-30 pc. aiih> dro-ai'id at 

tioii (‘onverts its acetyl dmivat ive into the (i- 1 10 '-140 ’ until a test dissolves (ompletcly in 

//,/m- comjiouiid (Hdchst. I). I* Anm F. 31417). watei. or when ciiide /j-miiihthylamine-H- 
When heated with ariihiie and aniline hytlio- sulphoim acid is heated with 10 ]).e. anhydro- 
<‘hloiidi' at 150 170 it yields dipfuiiijlA : 3- acid /it |O0' ((Jans A Co., J). It -P. 35010 ; Kng. 

diatn I uoiaijilittiah III -o 3111 phono acid. Bv sul- I* Slt> ot ISSI); also as chief |)ioduct when 
phonatioii w itl) to p e. aiih\ dro-aeid at HO 1 20 , /Fnaplithylamme S siiljilionic acid is sul[)hon* 
8 - naphfhi/IainitK - 4 i {') . H Armtljdionic ai id is nated with 20 j».e. aiyiydro-aeid below 20'^ 
obtained. (Ai mstrong and W'yniii', Chem Soc. I'kkx ISOO, 

(VIII.) ^-Naphth.vlamine 5 7-disulphonicacid O, 12H), o/ as minor jnoduct (20 ]) c ) when the 
IS oht.uned as chi(4 prodiuf, mixi'd eilhei with ti-sulphonK' acid is .siilphonated with 20 p.i:. 
J : 5-disul|)home acid w lien /i-naphthylamiiie-.5- anhydio-acid below 20 ' (/\imst long and Wynne, 
sulphoine acid, or with the 1 *7- ami 4:7- dod 130). 

disuliihonie acids when d-im|>ht hylamine-7* ' /'/v/iam/m// — 'Die piiri' acid is obtained Ironi 

siilphonic acid is siilphonated with 4 times its sodium ^-najihthol (> . H-disiilphonati* either by 
vvi ight of 20 p.e. fiiih v’dro-ai 111 at the oidinaiy heating it with ammuina at 2()0 uiidi'r ]iressuie 
temperatuie. About live days are rc(|uired bu’ (</. LandsholT, D It -P. 2737H) , or more easily 
the formi'r and about two for t he latti'r ])roces« when the bisulphite method is ajiplied to it 
in both cases the melt, after dilution with water, (Badische, J> II. -P. 1I747I: Fng. P. 1387 (ff 
is ni'utralised liy lime and eoinerted into 1000; ibicheri'i, d. jir. Chein. 1004, [li. | 70, 358 ; 
potas.siuTii salt v. p. 410). 

Separation. — {a) J'hom the (oneentrated solu- Identification. — 3’he acid and salts are easily 

tion of the mixi'd normal potassium salts, the soluble. It, is eonveitible \i\io fj-chlororiftphthaj- 

1 : 5-disulphonati' can be ri'iiioved by erystallisa- i m -8 : H-dmdfihovi/l (hloride, needles, m.]). 170“, 
tion, the acid ])otassniin salt of the 5: 7-disul' and i . 3 : l-tnch/oionuphthah ne (Armstrong and 
fihonic acid Oeing obtained from tlu' mother Wynni', Cliem. Soi . Pioc 1800, 0, 13). 

liquor b;, acidifying it with hydiochloric acid Ri actions . — It doe.j^ not eoujik' with diaxo- 
(Arrnstroiig and Wynne, Cheni. 8 oc. P 10 C.J 8 OO, tised bases (cj. Witt, Ber. 1888, 21, 3487). 
]29), ' • Digestion with 75 ji c caustic soda solution at 

(5) From the solution of the ^nixcd normal 1 230 -2.50“ converts it into 2 -ami 7 U)-H-naphlhol- 
potassium salts, eoncentiati'd to b litres for each j (i sidphonic a< id, but at 270 ‘-280' into hydrory- 

2 kilos, of till 7-sulphoine acid used, tin* 1:7- A-ohiic and (iloehst, D. P,.-P. 81281). On sub 

disulphonatc .separates m large cry.staTs and w , phonation with 40 p c anhydro-acid at 80“-00®, 
lernoved by filtration, The filtrate, acidified Iiy 1 it yields ^-^(fpblhylsidphafniuod) : H-disylphonic 
hydrochloric acid, furnishes the acid potassium acid (Die.ssel and Kotlie, Her. 1084, 27, 2153), 
salts of the 4:7 and 5 : 7-djsulphonic acids, ! but at 120 -1.30', ;Q-/a/y///7/o//«mnie-3 : 0 ; 8- 

which collected, dissolved in hot w ater, pre- Insid phonic ai id. 


cipitated as acnl barium salts by adding barium 
chloride (D1 kilos.) m hot concentrated solution 
and the jirccijntate digested vwth sodium car- 
bonate, arc converted into normal sodium salts 
and the resulting solution concentrated to 
about 2-5 litres. Fventually the whole of the 
4 : 7-disuI])honic acid sei)araf'‘« as normal 
sodium salt and is collected while the filtrate 
on acidification yields the acid sodium salt of 
the 5 : 7-di8ulphonic acid (Bayer, D. ll.-P. 
79243 ; Dressel and Kothe, Ber. 1894, 27, 1197 ; 
cf. Armstrong and Wynne, l.c. 131). 

Idcniificc^ion . — The acid potassium salt is 
easily soluble, and convertible into jS-c/i/oro- 
7iaphthal€ne-5:l-di3vlphonyl chloride, prisms, 


jS-NArilTHYLAMINIiTHISULl-HONlC ACIDS. 

! ii.) 8- Naphthylamine -1:3:7- trisulphonlc 
acid is formed when iS-iiaphthylarnine-3 : 7- 
disulphonic acid i.s siilplioriated with 40 p.e. 

, anhvdro-acid at 80 - (Baver, I). P. Anra. F, 
7030 ; Dres.Hcl and Kothe, Ber. 1894, 27, 1199) ; 
also when ^-naphthol-l : 3 : 7-tn8ulphornc acid 
IS heated with 25 ]).e. ammonia solution under 
! nressure at 190 ' (Bayer, D. P. Anm. F. 7003; 

kng. J*. 17141 of 1893; Dressel and Kothe, l.c.), 

I The acid barium «alt and acid sodium salt 
[ Na2HA-l-4H20 in scales, are easily soluble, and 
' in solution show violet-bluo fluorescence. 
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^-NAPHTHYLAMINE. 


Bmctions . — When boiled with dilute mineral 
acid it yields B-i^uphlhi/luminc-"^ : ^ -dimlphonic 
acid. On sulphonation with 40 p.c. anhydro- 
acid at 130'^ it is converted into a mixture of the 
3:6:7- and 3 : 0 : 1 -trisulphonic acids with the 
J ; 3 ; 6 : 1 -tctramlphonic acid. 

(ii.) ^ -,Naphthylamine -1:6:7- trisulphonic 
acid is formed when /S-nai)Jithylamine-6-8ul- 
phonic, or 1 : 6-di8ulphonic, or 6 : 7-(h8ulphoriic 
acid is sulphonated with 40 p.c. anhydro-acid at 
100" (Bayer, I). B.-B. 80H7H ; Kn^. P. 20580 of 
1893). The barium, acid moiassrum and acid 
sodium saltH dissolve easily, giving solutions 
which show blue tluoreacence. 

Rcnciiovs . — It dotis not eoiijile with dia/.o- 
benzeno chloride (JiayiT, Lr.). From its easdy 
soluble r/io,::o-eompound, the diazo-oxidc of '2 - 
aTnino-l-nai)htliol-5 : 7'disul])honie acid is ob- 
tained when the .solution is tendered alkaline 
by Hodium carbonate (Bochst,’ 1 ). P. Anni. F. 
1081)3 ; Eng. P. 23003 of 1002). I>ig(‘.stion with 
05 p.c. caustic soda Holution at 100"-220" con- 
verts it into 2-ainirio-^-naphlhol-\ ; l^disulphovic 
acid. By partial hydrolysis wot h boiling dilute 
mineral acids it yu'lds f^-vapldhylamruc-b : 7- 
disulphonic acid. When heated with 30 p.c. 
anhydro-acid at 1 40"' 100" it undergoes change 
into the isomeric ^-miphthylammr -3:5:7- 
trisulphonic acid. 

(iii.)- )9-Naphthylamine -3:5:7- trisulphonic 
acid IS formed, together with the 3:0: 7-tri- 
sulphonic and the 1 : 3 : 0 : 7-tctra8ulphonic 
acids, w'hen ^-naphthylammo-3 : 7-disulphon)c 
acid is heated w'lth 40 ji.c. anhydro-acid at 130". 
By boiling the product witli water, the tetra- 
sulphonic acid i.s hydrolvsed to tlie 3 : (i : 7- 
trisulphonic acid, which is then converted into 
sodium salt, and, after aeidilleation, separated 
a's the sparingly soliilile acid sodium .salt. From 
the concentrated mother liquor, the easily 
soluble acid sodium salt of the 3:5: 7-iHomcrido 
can bo separated (Bayer, 1), li.-P. 8I7()2 ; Fug 
P. 17141 a of 1803 ; l)reH.sel and Kothe, Ber. 
1894, 27, 1202). It is Die sole product of the 
clittiige which occurs when ^-naphthylaniine- 
1:5: 7-trisulphonic acid is heated wdth 30 p.c. 
anhydro-acid at 140"-I,00" (Bayer, J>. B.-P. 
00840), 

Identification . — The sodium salt (-1-5 jIH.^O) 
from dilute alcohol, the and sodtnm saltNo.,IlA, 
and the acid barium salt are very soluble, ancl 
in solution .show intense green fluorescence. It 
is convertible into naphthalcne-l : 3 : 1-trisul- 
phonic acid (Dreasel and Kothe, ibid. 1203). 

Reactions . — From its very soluble diazo- 
compound, B-naphthol-li : 6 : 1 -trisulphonic acid 
h|*,s been obtained (Dressel and Kothe, l.c.). 
Digestion with 30 p.c. caustic soda solution at 
100° converts it into 2-amino-ii-naphthol-'.\ : 7- 
distdphonic acid. 

(iy.) p- Naphthylamine - 3 : 0 : 7 - trisulphonic 
acid is formed when i8-na])hthylamine-H : 7-diaul- 
phonic acid is heated with 40 p.c. anhydro-acid 
at 130°, being separated by means of its sparingly 
soluble acid sodium salt from the 3:6:7- 
trisulphonic acid also produced {q.r ) ; or w hen 
p naphthylamine- 1 : 3 : 0 : 7 -tctrasulphonic acid 
is boiled with dilute mineral acids (Bayiw, 
D. R.-P. 81702; Eng. P. 17141a of 1803); or 
when j8-naphthol-3 : 0 : 7 trisulphonic acid is 
boated with 25 p.c. ammonia solution (3 pts.) 
and amtnonium chloride (0*6 pt.) during 8 hours 


at 30-40 atmos. pressure (Bayer, D. P. Anm. F. 
7010; Engo P. 17141 of 1893). 

Identification. — The sodium salt is easily, the 
barium salt and acid sodium salt NaaHA-f SHgO 
in long silky needles are sparingly soluble in 
cold water, the solutions showing intense blue 
fluorescence. It is convertible into naphthalene- 
2:3: \\ -trisulphonic acid (Dressel and Kothe, 
Ber. 1804, 27, 1202). 

Reactions . — From its .sjiaringly soluble diazo- 
comiiound p-naphthol-li : b : 1 -trisulphonic acid 
has been obtained. Digestion With 66 p.c., 
caustic soda solution at 180 '- 240" converts it 
into 2-a)ni no-1 -naphthol-^ : iS-disulphonic acid. 
On sulphonation with 40 p.c. anhydro-acid at 
100"- 1 30", it yii'lds p-uaphthylavivnc-i : 3 : 6 : 7- 
Icii as ul ph on tc acid. 

(v.) p - Naphthylamine - 3 : (! : 8 - trisulphonic 
acid I.S obtained when ^-niipht hol-3 : 0 : 8- 
trisuJpIionic aeid is heated with ammonia at 
200"-^2r)0^ (Landshofl, D. B.-P. 27378; cf. 
i)ro.s,sel and Kothe, Ber. 1804, 27, 2164); or 
wlien )3-iiaphthylamine-() • 8 -disiilphonie acid 
18 heated woth 40 ji.e. anhydio-acid at 120°~ 
1.30" (Dressel and Kothe, l.c.) ; or W'hmi sodium 
a - nitronaphlhaleiK’ - 3 : b : 8 - trisiiljilionate is 
heated with aininoma. solution under pressure 
at 160°-170", nitrogen being eliminated (Kalle, 
D. B.-P. 17t)<)21). 

Idcnlijicatiou. — Tbt' acid jxdassium salt 
K._jllA-|- lUEO form.s needles, soluble in 40 parts 
of water at 20" ; the acid sodium salt, easily 
.soluble needles ; the solutions show intense sky- 
blue fluon'semiei'. It is eonveriihlt into naph- 
ihalcnc-i : 3 : (i trisulphonic acid (J)resscl and 
Kothe, l.c . ). 

H< actions. — Digestion with 80 p.c. caustic 
soda solution at 220"-2(>0" converts it into 2- 
aniino-H-naphthol-‘,i : d-disulphonic acid. By de- 
siilpliormtion with zine-du.st and boiling dilute 
caustic soda solution, it yields p-mqdithylamine- 

3 : i\-disul phonic acid. 

(vi.) /J - Naphthylamine -4:5: 8 -trisulphonic 
acid is obtained wlien sodium naphthylamine - 

4 : 8-disulplionatc is heated with 40 p.c. anhydro- 
acid at 80"-t)0 ", and finally at 120°. 

Reaction. — When heated with 00 p.c. 
caustic soda solution at 170°-180°, it is converted 
into -2-amino-ii-mphthol-^ : H-disulphonic acid 
(Bayer, D. P..Anm. F. 8164 ; 1). R.-P. 80242). 


, jS-NAfHTHYLAMlNETETRASULPHONIO AciD. 

^-Naphthylamine- 1 : 3 : 6 : 7-tetrasulphonIc 
acid ficcurs in the product formed when P- 
naphthylamiiie-3 : 7-disulphonic acid is heated 
with 40 p.c. anhydro-acid at 130° {v. 3:6:7- 
trisulphonic acid). It is obtained when jS-naph- 
thylamine-3 : b : 7-tri8ulphonio acid is heated 
with 40 p.c anhydro-aeid at 100°-130° (Dressel 
and Kothe, Ber. 1804, 27, 1203), or when sodium 
j9-naphthol-l : 3 : b : 7-tetra8ulphc)nate is heated 
wiDi 25 p.c. ammonia solution at 180° under 
prea.surc (Ba\er, D. P. Anm. F. 7003 ; Eng. P. 
17141 of 1803 ; Dressel and Kothe, l.c.). 

Salts. — I'ho barium salt BagA-fbHaO, in 
sparingly soluble, microscopic crystals, and the 
easily soluble sodium salt show, in dilute solu- 
tion, violet-blue fluorescence. Acid salts have 
not been obtained, and acid solutions when 
boiled undergo partial hydrolysis, giving rise to 
P-naphlhylamine-'i : 6 : 1 trisulphonic oc^. 



NAPHTHALENE. 


CHLORO-jS-NAPHTHYLAMINE. 

1 - Chloro - ^ - naphthylamlne obtained by 
chlorinating acetyl-^-naphthylamine. in acetic 
acid solution, and hydrolysing the product with 
hot hydrochloric acid, forms needles, m.p. 69°, 
and is convertible into 1 : 2-dic}iloronaphthahne. 
The hydrochloride B'HCl-hHjO forms needles; 
the aceti/l derivative, needles, m.j). 147° (Clevc, 
Ber. 1887, 20, 1989). 

i-(!hloro-)^i-naphthylaminesulphonic 
acids. — When sulphonated with 2 p.c. anhydro- 
acid at 70°, 100°, and 100°, 1 -eliloro-^-naph- ! 
thylamine yields as chief juoduct respectively ^ 
the 6-, 0-, and 7-sulphomc acids (Armstrong and 
Wynne, Chem. Soc. I’roc. 1SS9, 5, JIO, 48). 
These acids when diazoti.sed and heated in 
solution with exci'ss of sodium carbonate at 
60°-00°, are converted into the diaza-ondcs of 
the corresf lending 2-ammo-a-na])htholsulphonic 
acids (Badische, D. B,.-P. 14r>900, 148882; 
Eng. P. 0015 of 1902). 

Nitro-^'-naphtiiylaminks. 

(i.) l-Nitro /i-naphthylamine is obtained when 
nitru! acid ot sp.gr. 1-4 (7 jits ) is added to 
aectyl-^-naplithyldinine (9 ])l8.) suspended in 
aoetio acid (12 ])ts.) in the cold, the crmle pro- 
duct extracted by thri'c times its W'cight of 
beii/eiie (thcTcsidiu* consisting of acetvl-8-nitro- 
iS-naphthylamine) and th<' ciystalline si'paration 
from the filtrate de-acctylati'd by heating it 
with alcoholic caustic potash (Heilpern and 
Spielfogel, (•/. J. (Soc. (Iheih. (nd. 1898, 17, 8915). 
It forms orange-yellow needles, m p. 120 -127°, 
and dissolves readily in alcidiol, Init only 
moderately in hot water (dacobson, lier. 1881, 
14, 1792; Li(d)erniann and Jacobson, Annalen, 
1882, 211, 04). The accti/l derivative, m.p 
123*5°, is converted into Y-nitro-^-iuiplifhol when 
boiled with aqueous caustic soda (Jacobson, 
ibid. 800). 

(ii.) 5-Nitro-)9-naphthylamine is fonmsd as 
chief product, together with the 8 isomeride, 
when )3-naphthylamine nitrate (1 pt.) is stiiTcd 
into raonobydrate (4 pts.) at 0*^^ 20 ji.c. anhydro- 
acid (2 pts.) being added gradually during the 
operation, and separates in the cold as sulphate 
when the nitration jiroduct is diluted with •water 
(60 pts.), the more soluble sulphate of the 
8-isomeride being retained in the mother 

liquor (Hirsch, D. K.-P. 67491 ; P)ng. P^97()8 of 
1890; Friedlander and Szynianski, Ber. 1892? 
25, 2076). It forms red needles, m.p. 143*6° ; 
its acetyl derivative yellow needles, m.p. Iii6’5°. 

Reactions . — From its diazo- compound 6- 
nitro-^-naphihol has been obtained. By reduc- 
tion with iron and acetic acid it yields 1 : 6- 
diaminomiphthalene (Friedlander and Szyman- 
ski, l.c.) ; but when boiled with%odiuin suliihito 
or bisulphite solution it is converted into a 
1 ; Q-diaminonaj^hthalenesnlphonic acid (Read, 
Holliday & (Sons, Eng. P. 20020 of 1896). 

(iii.) 8-Nitro-^- naphthylamlne (r. 6-nitro-)S- 
naphthylamine) forms red needles, m.p 103*6°, j 
and its acetyl derivative, yellow needles, m.p. 
195*5°. From its diazo- comjKiund S-nitro-p- 
naphthol can be obtained, and it gives 1:7- 
diaminonaphlhalene on reduction (Friedlander 
and Szyman»ki, Ber. 1892, 25, 2081). 

(iv, ) 6 - Nitro - )9 - naphthylamlne - 8 - sulphonic 
acid, obtained by nitrating ^S-naphthylamine-S- 
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’sulphonic acid dissolved in sulphuric acid 
(Itomerheiser, D. R.-P. 67023^, gives a barium 
salt BaA24-4iH2(), and ammonium salt NH^A, 
in red crystals (Jaechia, Annalen, 1902, 323, 
119), and yields 2 : d-diamitMnaphtkalfnc on 
reduction with sodium amalgam (Friedlander 
and Lucht, Ber. 1893, 26, 3033). 

The 4 : S-disulphomc acid is ofitaincd by 
nitrating aeetvl-j3-na])hthylamme-4 : 8-disul})h- 
onie acid m sulphuric acid solution and hydroly- 
sing the jiroduct (Hochst, I). P. Anm. F. 31417). 


V. Diamino- Derivatives. 

l)if)(>dti^io> y.—Thv e.xislence of ten diarniiio- 
naphthaleues is to h(' o.xjieeted on theoretical 
grounds, and ten have heiui identified. The 
methods enijiloyiMi in their production involve 
usually cither l^jilueemeiit of Oil hy NH« in 
animonajihthols or diliydioxynapliihalenes, or 
reduction of dinilroiiaplit halenes or nitro- 
luiphiliylaiiiineH or of uzo- dyes. 

For the |»re|>Hrntion of the 1:2- or 1 : 4- 
diaminonajihthalene, leduction of the o~ or p- 
a/.o dyes of the najihthalene muich by stannous 
chloiide can be onijiloyed ; and for that of the 
I : 3 deiivative u.se is uyvdc of the naphthyl- 
amine- or nii})hUiol-,3-siil})honic acids, as these 
exchange the grouji in the lurta- position 

for an NIL radicle when heated with ammonia. 
'I'lu'sc hoiiionuelcal conijiouiKls respectively 
re.Hemblc in jirojiertma, tin* ortho-, para- and 
nnta- (hamines of the benzene sc'ries. 

Of the hetcronueleal comiKiunds, the 1 ; 5- 
and I ; S-diammes are the most iinjiortant. 'J'he 
I : 5- derivative has beiui used for the jiroduction 
of disazo- dyes, but the interest attaelung to the 
I ; 8- deiivative is due less to its jiroperty (< 
eoujiling with diaz<ttised bases than to the 
readiness witli whicli - like the 1 : 2- and 2 : 3- 
diarnim'H— it forms a third Hix-membered ring. 
(Some of thes(‘ pert- condensation products arc 
coloured, others eolouih'ss, and, according to 
(Sachs, colour or its absence is associated with 
the jut‘Heneo or ah«('nee of an iinsiituratcd linking 
in the new ring (Annale^i, 1909, 365, 53): 


(:(('H,)2 

(;*ciD 

N 

/ 

/■ 


HN NH 

N NH 

N NH 


rY^i 


Ux/' 

Y\/ 

k/ ',/ 

Colourless. 

Green. 

Red. 


The diamirKinajihthalenes crystallise well, 
hut, as a rule, are less stable, and therefore Iflis 
suitablefor the jiroduction of dyestuffsP than the 
resjiective diaminonajihthalenesulphonii’ acids. 
With mtioiis acid, the 1 ; 2-, 2 : 3-, and 1 : 8- 
diamines furnish azimino- compounds, but the 
1 : 4- diamine IS oxidised to [a-Jnajihthaquinonc ; 
the hetcronueleal diamines, with the exception 
of the 1 : 8- isomeride, give tetrazo- derivatives 
of which that from the 1 : 5- diamine furnishes 
substantive disazo- dyes for cotton (Badische, 
1). R -P. 39954). 

^ l-Aryl»uliihonyl derivatives ol 1 : 4-41aralno- 
uaphthalciie have a high degree of stability and can 
be used in the production of orfAo- azo-dyes (Morgan 
and Grist, Chem. Soc. Trans. 1921, 119, 603; Morgan 
and Imperial lYust, Brit. P. 100863). 
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MAMINONAPHTHALENES. 


Diaiv^inonaphthalenes. 

NHg (i.) 1 : 2-Dlaminonaphthalene is ob- 

AAj^H tair'Pfi by reducing azo- compounds 
[ I 1 2 derived from ^-naydithylamine by 

VV coupling with diazotiscd bases ((iricss, 

1- ier. J882. 15, 211);i ; Lawson, lier. 1885, 18, 800, 
2423; Sachs, ilmL 3128; Witt, Ber. 1880, 

19, 2795; 1888, 21, 3482); or [6-lna]»litha- 
quinonedioxnne (Koreff, Ber. 1880, 19, 179); or 

2- mtro-a-naj)htliyl.itnine (Lellmann and Iteiny, 
ibid. 803) ; or l-nitfo-/?-na])hthyla,mine (Lawson, 
l.r.; Lellmann and Uemy, Ic.) with stannous 
chlorid(‘ in liydrochloiic m id solution. It can i 
also be obtained from 1 : 2-diannnonaphihal('n('- 
4-sulj)home acid (FMe(lIan<lei and Kielbasinski. 
Bor. I89(), 29, 1978) oi 3- or 5-sulphonie and' 
(Gattermann and Scliulzi', Iha 1897, 30, 53, 55) 
by interaidion with sodium amaltram. 

Prv'jmrniton. — On the lahdratoiy scale, 10 
grams of benzenea/o-^-naphthylamine, dissolvi'd 
in 300 grams of boiling acetic acid (I : 5), are 
reduced by adding zinc-dust in small (juantities 
until the colour of the solution (“hanges to bright, 
yellow. 'I’he sulfihati', ol)ta.in(Ml by Jiltm'ing the 
boiling solution into diluti' sulphiirie acid, is then 
])()]l(‘d with sodium carbonate* solution until 
dissolved ( lhimberg(>r .'nid SehiefTi'lin, Ih'r. 1889, 
22, 1370). 

IJ(»fiJir(illo7i . — It seyiarates from hot water 
in silvery rhombic scales, m.p. 95"-90“, and is 
oxidised rayndly, becoming blown on exyiosuie 
tothcair. T\\v hjjdrorbloridc lh2ll('l I'orinsshoit 
prisms easily sohihle in water, ami with lerric 
chloride gives aai olive-gri'cii eolouralion, chang- 
ing to brown and yellow ; tiie snlphah L 
scales; flic dtarrfj/l compound, iK'edles, in p. 
234“ (Lawson, / ( ). With Ix'iizil, [/?- |nay)htha- 
f^iiinone, phenanthraiiuinone (Lawson. I e. ; Witt, 
I.C.), or glyoxal (Hinsberg, Bet. 1890.23, 1394), 
it yields <juiwyx(dnu's, and with nitrous acid a 
mixture of the two nzinnfn>- comyiounds (Morgan 
and (Jodden, Chi‘m. Soc. Trans. 1910, 97, 1718). 

'I'lie l-arctf/l derivativi* has been obtained, 
not by acetylation but mixed with the I : 4- 
comyioiind (y-r. ), by nitrati«>n of acetyl-a- 
naphthylamiiK^ and ri'diiction of the yiroduct 
(Dahl, 1). P. Anm. I). ().‘)03). 

2-P h 0 n y 1 a ni i n o-a-n a ji h t h y I a m i n e, 
broad needles or scales, in.]). 138‘’-i40'’, form- 
ing very sparingly soluble salts (Witt, Ber. 1887, 

20, 573, 1184 ; Zineke and Law'son, I’/nr/. 1170); 
and the 2-7>-tolyl derivative, needles, m.}). 
I4t)“-147" (Fischer, Ber. 1892, 25, 2840), have 
been obtained by reduction of a/o- derivatives 
of phenyl- and /i-tolyl-/?-riaphthylainiue. 

(ii.) I ; 3-Diaminbnaphthalene is foi med when 
1 : 3-dinitrona]ihthalene is redu< (*d w'lth tin and 
hydrochloric acid (Urban, Ber. 1887, 20, 973). 
It is also produced when sodium a-najihthyl- 
amine- or a-naphthnl-3-sulphonato is heated 
with ammonium chloride and 22 ]) c. ammonia 
under pressure at 100“- 1 80“ (Kalle, D. K.-P. 
89001 ; Eng. P. 9103 of 1895) ; or when 1-ammo- 

3- naphthol (Friedlander, Bor. 1895, 28, 1953), or 
1 : 3-dihydroxynaphthalene (Friedlander and 
Uiidt, Ber. 1890, 29, 1012), is heated with con- 
centrated aqueous ammonia undei pre.ssure at 
160°. 

Idcvlifiralion. — It crystallises from water m 
scales, m.p. 90“ ; its hydrochloride B’2HC1 and 
sulphate m easily soluble needles, wdiich in 


solution give a dark brown colouration with 
ferric chloride ; the diaedyl compound in 
sparingly soluble needles, m.p. 203° (Friedlander, 
l.c. ). With diazotiscd bases it gives chrysoidines, 
and with nitrous acid a deep yellow colouiation 
(Urban, lx.). 

Diphenyl-1 : 3-d iaminonaphthalene is 
obtained when a-na()hthvlamme-3-8ulphonic 
acid (Bayer, D. B -P. 75290 ; Eng. P. 8898 of 
1893), phenyl-a-naf)hthvhiiniric-3-.sulphonic acid 
(Ihiyer, 1). It.-P. 78854; Eng. P. 19023 of 1893), 
OI a-naj)hthol-3-.sul])honie acid (Bayer, 1). K.-P. 
77800; Eng. P. U)78() of 1893) is' heated wuth 
aniline and aniline hydiochlornle at I50°-179°. 
It IS insoluble in, and its hydrochloride is decom- 
posed by water. The etuicsjionding ditolyl, 
dixylyl, and j)henyltolyl derivatives have 
also been |»r(‘p.irefl. 

(Ill ) 1 : 4-Diaminonaphthalene is formed by 
reducing azo- derivative.s of a-naj»htliylamine 
with tin or stannous chloiide and hydrochloric 
a'‘i(l (Perkin, ('hem Soc. Journ. 18()5, 18, 173; 
(lue.ss, Bei. 1882. 15, 2192. Friedlander, Ber. 
1889, 22. 590) or with sodium hypo(hydro)sul- 
phite (Urandmougin, Px'i. 1 90(», 39, 35()] ) ; <>r 
l>y reducing 4-nitio-a-na])hthyhuninc with tin 
and hydiochloiie acid (Liebcimann and Dittler, 
Antiahm, 1870, 183. 238) It is also formed 
by hydrolysing 1 : l-diammona])hthul<‘nc-(i-8ul- 
phonic add (Cassella. I ). It -P. 74J77‘; Fug. P. 
15444 of 1893). 

J* 7 cparaitott.—()n the laboialory scale, ben- 
zeneazo-a-naphlh via mine is boiled w ith zinc-dust 
[ and w'ater, the colourless solution iilti'red into 
dilute sulphuiic a,cid, and the ciystalbiu' siiljihate 
w'arined with a<ju<‘ous soaium caibonatc for 
about 5 minutes (Bainbergf'i and Schieffelin, 
Ber. 1889, 22, 1381). 

Idcntifiiittion — It crystallises from water m 
needle, s or small jirisms, m ]i. 120“, which when 
nioLst ra])idly bi'cmne coloured green and de- 
eoinposi*. Thr* In/drochlondc B'2H('l forms 
readily soluble .scales, and in neutral solution 
wuth feirie chloridi* gives a. green colouration, 
changing to a brown precijntate of impure 
[a-]naphthaquinone (Uriess, Ic.); the f^uiphnic 
B'K sparingly soluble needles ; the dmedyl 
derivative, needles, m.p. 305° (Klecmann, Bor. 
188(),- 19, 334 ; Bamberger and .Sehieffelin, lx.). 

WfY/r/masv* -P,y nitrous acid (Urandmougin 
and Michel, Ber. 1892, 25, 977) or by dilute 
chromic^ acid 'Solution, or lerrie chloride, it is 
■ixidi.seil to \a-\n<iphlho<i\nnone. Reduction in 
boiling amyl alcohol solution w'lth sodium con- 
verts it into iiT.-tdnthydro-l : A-duimino)iaph- 
thalctii . 

M oiioacety 1-1 : 4-diarainoiia])hthalene 
is obtained, mixed with the 1 ; 2- derivative, 
when acetyl-a-na])hthylainine is stirred w’ith 
4 times its weight of 40 ]).c. nitric acid at 0° 
during about 18 hours and the product reduced 
by iron. To separate tin* isomerides, the mixture 
( \ mol.) is either heated with dilute hydrochloric 
acid (1 mol.) at 80° when the hydrochloride of 
the 1 ; 4- ]lenvative jiasscs com])lctely into 
solution and can afterw^ards be salted out, or 
hoik'd with dilute sulphuric acid (1 mol.) when 
the sulphate being only sparingly soluble in the 
cold can be freed from the 1 : 2- derivative 
wdneh remains in solution (Dahl, Ii P. Anm. D. 
(>.503). Unlike the diamine, which is not diazo- 
tisablc, this compound can be used in the 
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production of disazo- dyes, as the free amino- 
group can be diazotised and coupled before the 
acetylamino- group is de-acetylated. 

'a«-A7/mw..T)imet hyl-1 : 4-diaminonaph- 
thalene, an oil (Fncdlandor and Welinans, Ber, 
1888, 21, ;n24); and the ethyl-, in.p. ir.2“ 
(Kock, Annalen, 1888, 243, 312 ; Bamberger 
and Goldschmidt, Ber. 1801,24,2471); phenyl-, 
m.p. 148” (Wacker, Annalen, 1888, 243, 302; 
Fischer, Annalen, 1805, 28(i, 183) ; and a-naph- 
thyl-di ammo- derivatives (Wacker, I r.) have 
been described. 'I'he tolnene-p-siilphony 1 
derivative forms tablets, m.p. 185 -180'’ (Morgan 
and Grist, Chem. 8oe. Trans. 15)21, 110, (>05). 

(iv.) 1 ; 5-Diaminonaphthalene {\a-\dmmmo- 

7t(tphl.halr}i< , scnii-fKiphlhabdain) i.s »)btamed 
from 1 : 5-dinitronaph( h.ihme by rialuelion Avith 
ammonium .suljihide (Zimn, Annahm, 1844, 52, 
3(il), with tin and hydioehlonc acid (flollemarin, 
Zeitsch. (diem. 1805, [ii. | 1, 550; Ladenburg, 
Her. 1878, 11, 1051 ; kirdmann, Annalen, 1888, 
247, 300), Avith stannous chloride and alcoholic 
hydrochloric ai'id (Mi'yer and Muller, Ber. 1807, 
30, 773), or with phosphoius iodide and water 
(Aguiar, Ber. 1870, 3, 32 ; 1874, 7, 300). It is 
also foimed vhen I : 5-dihydro.\yna])hthal(“ne is 
heatt'd (uthcr with ammonia under jircssure at 
250"-300" (Fwer and Pick, J). K.-P. 45540), or 
with ammonium bisul|ihiti' solution and am- 
monia at 125’ (Badisclic, |). B.-P. 117471; 
Eng. P. 1387 of 1000); or vhcn 1 : 5-diainino- 
riaphthalene-2-Hulj)hoiiic acid is heated with 
dilute mineral acud (Eiiedlander and Kielbasin- 
ski, Ber. 1800, 20, 1083); orwlnui a-najihtbyl- 
amine is lu'ated with najihtlialcne and sodamide 
at 230" ((Sachs, Bci. 1000, 30, 3021). 

Idiubjication . — It ciystallises in needles, 
m p. i80’5", sublimes without di'composition, 
and with feme chloride gives an mlense bluish- 
violet colouration. The hi/drochloridi: lP21f('l, 
and the ,\iiJphair IMJ^SO^ form moderately 
soluble rie(‘dlcs , the dtocifi/l compound, m ]>. 
300", unlike the diamine, cau.s(‘s serious irnlation 
of the skin (Kuiiekell and Schneider, (Tern. Zvii. 
1012, 30, 1021, 1220 ; c/. (diem. Eab. U. Scheublc 
& Ck). ibid. 1220). it i.s conviuTible into 1 ; 5- 
dichtorovophthilrtir (Erdmann, / ( .). 

Reactums. — U'lth nitrous acid it yields a 
tetrazo- compn4lnd, and, by coupling ,with 
diazotised bases, azo- or di.sazo- dyes. Reduced 
in boiling amyl alcohol solution wulh .sodium, it 
’gives a mixture of ae.- and ar.- irtrahydroA : 5- 
dmminonaphthalnif. By the bisulphite iftaction^ 
\-nmino-^-7iaphlh(>l is the jirodiict. On sul- 
lihonation, its sulphate yield, s 1 : b ihamino- 
naphthalene -2-sulphonic and. * 

(v.) 1 : 0-Diaminonaphthalene, prepared by 
heating 1 : (i-di hydroxy naphthalene with am- 
monia under pres.sure at 150‘’-3()0° (Ewer and J 
Pick, I). Ri.-P. 45788), nr /3-napl^ylamine W'lth 
sodamide and naphthalene at 230^’ (Sachs, Ber. 
POOO, 30, 3022), can be obtained pure by reducing 
either 6-nitr(^-naphthylamine with iron and 
acetic acid (Friedlander and Szymanski, Ber. 
1892, 25, 2080 ;r/.Hirsch, I). R. -P.5749 1 ; Dawson 
and Hirsch' king. P. 9708 of 1890), or 1 : 0- 
dmitronaphthalene with tin and hydrochloric I 
acid (Kelirmann and Matis, Ber. 1898, 31, 2419). 

Identification . — It crystallises from water in 
short needles, m.p. 77 '5°, darkens on exposure 
to air, shows blue fluorescence in solution, and 
gives with ferric chloride a dark brownish-violet 


colouration. The hydrochloride, needles, is 
easily, but the suJplmte B'H. 2 S 04 , needles, only 
sparingly soluble in water ; thb diacetyl deriva- 
tive, needles, m.p. 257% dissolves spaiingly in 
alcoliol. The tetrazo- compound is (Convertible 
into 1 : iS-dichloronaphthalenc (Friedlander and 
Szyman.ski, l.c.). 

(vi.) 1 : 7-Diamlnonaphthalene is jx^iiared by 
reducing 8-nitro-^-na])hthylamine in alcoholic 
solution wuth tin and hydrochloric acid (Fried- 
liinder and Szymanski, Ber. 1892, 25, 2082), or 
by heating 1 : 7-dihydroxy-^-naphthoic acid 
with ammonia unocr pre.ssure at 200"~210" 
(Friedlander and Zinbeig, Ber. 1890, 29, 40). 

IdnitiJicaiiOH. — It crystallises from water in 
needles, m p. 1 17’5 gives with ferric chloride a 
violet colouration, and forms a diacetyl deriva- 
tive, rhombohi'dra, m.]). 213°. The tetrazo- 
eoinjiound i.s eonvertible int(» 1 : 1 -dichloronaph- 
thalnie (Friodlamfcr and Szymanski, l.c.). 

(vii.) I : 8-Diaminonaphthalene {\^-]diamino- 
naphthalene) can be obtained by reducing 1 : 8- 
dinitrona])hthalene either w ith phos])horus iodide 
and water (Aguiar, Ber. 1 874, 7, 300 ; Meyer and 
Muller, P>er. 185)7, 30, 775), or with tin and 
hydrochloric acid (Ladenburg, Biu’. 1878, 11, 
li)51 ; Erdmann, Annalen, 1888, 247, 303). It 
IS also formed w hen 1 : 8-dihydroxyna]>hthalene 
IS heated with ammonia under pressure at 250"- 
.‘lOO" (Erdmann, l.c.). 

Identification. — It crystallises from aqueous 
alcohol in needles, m.]). 07", and in aqueous 
solution gives w'lth ferric chloride a dark 
chestnut-})! own colouration. 'J’hc hydrochloride, 
B-211('l forms vciy soluble scale.s, m.]). 280” 
(Ek.stiaiid, Her. 1887, 20, 1353); the sulphate. 
B*}f^S() 4 , sparingly soluble n(‘edles ; the 
dilnnzoyl derivative, lU'cdles, m.p. 311°-3]2° 
(Saehs, Biu. 1900, 39, 3027); and the oxalatcf 
either m'cdles, m.[». 271" (Meyer and Muller, 
l.c.). or BA-f 2IL,0, di'comp. 270° ; B.^A, m.p. 
205" (Sach.M, Annalen,, 1905), 305, 101). 

Readions — Many condensation products can 
be obtained from this diamine. For example, 
wuth aeetie anhydride it terms a green anhydro- 
eoTiq)ound, m.]). 210" (Sachs, Ber, 15)00, 39, 
3027); with <‘thyl oxalate, a red crystalline 
perimidine- derivative (Aguiar, l.c, ; Meyer and 
Muller, l.c. ; Sachs, Annalen, 15)09, 305, 09, 90 ) ; 
wuth phthalic anliydridi' a yellow perirnidylben- 
zoic acid or red phihalopennone, needles, m.p. 
227"-228" (Saehs, ilrid. 117; Bayer, 1). R.-P. 
202354 ; Eng. P. 7575 of 1908) ; with acetone a 
coluurle.s8 dinicthyldihydropenmidine. {rf. Sachs, 
ibid. 151 ; Badiseho, J). R.-P. 122475); with phos- 
gene or alkyl carbonates, colourless penmid- 
oitcs (Saehs, ibid. 135). 

With nitrous acid, it yields a red aziininTt- 
derivative, and u^o-dyes by coupling it with 
diazotised bases. Its acid sulphate, when 
baked m a vacuum, is converted into 1 ; 8- 
diam.inon.nphthalcne-4-sulphonic acid. Boiled 
with sodium bisulphite solution and afterwards 
w’ith alkali, it gives l-aniiiui-H-nciphihol ; hut 
when heated with 17 p.c. hydrochloric acid at 
180° the product is 1 : H-dihydroxynaphihalene. 

(viii.) 2 : 3 Diaminonaphthalene is obtained 
})y heating 2 : 3-dihydroxyiiaj)nthalene either 
with 30 p c. ammonia solution under pressure at 
250° (Hochst, D. R.-P. 73070 ; Friedlander and 
Zahrzew^ski, Ber. 1894, 27, 704), or with 30 p.c. 
ammonium sulphite solution and 20 p.c. ammonia 
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at 80®, the product afterwards being acidified 
(Badi8che,I).R.-P. 117471 ; Eng. P. ]387 of 190Q). 

Identification.— \i crystallises from water in 
scales, m.p. 191®, and gives no colouration with 
ferric chloride. The hydrochloride is easily, but 
the sulphate only sparingly, soluble. The 
diacetyl derivative forms needles, m.p. 247®, 
convortibU by prolonged boihng with acetic 
acid into an anhydride, m.p. 1()8 '. 

JiearAions. — Its behaviour is that of an o- 
diamine. With nitrous acid it yields an azimitm- 
derivative, yellow needles, in,]). 187®, and with 
diazotised bases (1 mol.) it couples giving red 
azo-dyes (Eriedlander and Zahr/.ov^ski, l.c.). 

The diphenyl derivative obtained by heat- 
ing 2 : 3-diliydroxyna])ht.halene and aniline with 
1 p.c. of iodine at 200®, forms needles, m.p. 143" 
(knoevenagel, .1. pr. flliem. 1914, [ii.] 89, 37). 

(ix.) 2 : G-Dlamlnonaphthalene is obtained 
when 2 : G-dihydroxynajilitliahyio is heated with 
ammonia under pressure at IfiO^-HOO® (Ewer and 
Pick, D. R.-P. 45788); or with ammonia and 
ammonium chloride at 200®-250® (Lange, (3iem. 
Zeit. 1888, 12, 850); or with ammonia-calcium 
chloride at 270® (dacchia, Aniialen, 1902, 323, 
132). It is also formed by reduction of 2 : 0- 
diamiuonaphthalene-4-sulphoni(! acid with sodi- 
um amalgam (th'iedlander and Lucht, Bor. 1893, 
20, 3033). 

Idefitificalion. — It crystallises in scales, m.p. 
210®, darkens on exposure to the air, and with 
ferric chloride gives a green colon lation, Mhich 
changes to bine when the solution is warmed. 
The sulphate is sjiaringly soluble ; the diacelyl 
derivative forms needles. 

The di])heriyl derivative, obtained by 
heating 2 : 0-diiiydroxyna])htha]eiie with aniline 
and amline liydrochlorido at 170®, melts at 210® 
^Leonhardt, ]). R.-P. 54087 ; Eng. P. 3098 of 
1890). 

(x.) 2 ; 7-Diaminonaphthalene is obtained 
when 2 : 7-dihydroxyna[)hthalene is heated with 
ammonia under jiressuiv at J50®-.3()0® ( Ewer and 
Pick, D. R.-P. 45788) ; or with ammonia and 
ammonium chloride at 200®-250® (Lange, Chem. 
Zeit. 1888, 12, 85(>) ; or with ammonia-calcium 
cliloride at 200°-270 ^ ( Bamberger and Schiefielin, 
Ber. 1889, 22, 1384) ; of boiled with ammonium 
sulphite solution and ammonia (Franzen and 
Deibel, J. pr. (’hem. 1908, |ii ) 78, 155). It is 
also formed from 2-amino-7-naphthol by the 
bisulphite reaction (Bucherer, .L pr. (’hem. 1904, 
Lii.l 09, 80 ; v. p. 410). 

Identification. — It crystallises from water in 
scales, m.p. 101®, and gives no colouration with 
ferric chloride. Its salts are easily soluble. The 
diacetyl derivative forms nei'dlcs, m.p. 264®. 

* Beactions. — Diazotised in acetic acid solution, 
it yields only a diazo- compound (Kaufler and 
Karrer, Ber. 1907, 40, 3263), but in sulphuric 
acid a tetrazo- derivative convertible into 2:7- 
dichloron/jphthalcne (Morgan and Micklethwait, 
Chem. Soc. Trans. 1910, 97, 2558). By the bi- 
sulphite reaction it furnishes 2-amino-I -7iaphthol. 

i)iphenyl-2 : 7 - diaminonaphthalene, 
obtained when 2 : 7-dihydi‘oxynaphthaleno is 
heated with aniline and aniline liydi’ochloride 
at 140°-180® (Durand and Hiiguenin, I). R.-P. 
40886 ; Annaheim, Eng. P. 14283 of 1880 ; Ber. 
1887, 20, 1372), forms scales, m.p. 163®-104® ; 
its dincetyl derivative, small cr}^stal8, m.p. 
197’5® (f3ausiu.s, Ber. 1890, 23, 628); and its 


tetrameihyl-p'diamino- compound, obtained by 
interaction of p-aminodimethylaniline and 2:7- 
dihydroxynajihthalene at 200®“220°, ill-defined 
crystals, m.p. 180® (Aktienges., D. R.-P. 75044), 
The o-tolyl, m.p. 100°; p-iolyl, m.p. 230®- 
237®; and in-xylyl, m.p, 130®, derivatives have 
also been 2 irepared (Durand and Huguenin, l.c.). 

Diaminonaphthalknesulphonic Acids. 

The methods by which sul})honic acids of the 
heteronucleal diammonaphthalcnes can bo ob- 
tained do not lend themselves to generalisation ; 
'those for the production of homonucleal diamino- 
na]>hthalene8ulphonic aciils can be summarised — 
(i.) For 1:2- or 1 : 4-diaminona])hthalene- 
sulphonic acids : Reduction of azo-dyes formed 
by coupling diazotised bases with the appro- 
priate or a-najihthylaminesul 2 )honic acids 
(r/. Witt, Ber. 1888, 21, 3485 ; Reverdm and de 
la Darpe, Ber. 1892, 25, 1403 ; 1893, 20, 1281). 

When, as may be the case with azo-dyes 
obtained by couf»ling with a-na])hthylamine-3- 
or 5-.sulphomc acid, a mixture of the 1 : 2- and 
I ; 4-diaminonaphthalenesulphonic acids is ob- 
tained, the ready solubility of the 1 : 2- deriva- 
tive in sodium suljihite solution in the cold 
affords a convenient means for achieving their 
separation (Gattermann and Liebcrmann, An- 
nalen, 1912, 393, 20(i). 

(ii.) For 1 : 3-diaminona])hthalcnesulphonic 
acids : Interaidion of a-naphthylamine- or 
a-nai)hthol-3-auli)hunic acids with ammonia at 
high temperatures (Kallc, 1). R.-P. 89001 ; 
Eng. P. 9103 of 1895) 


NH3 

NH, 

OH 

AA 

AA 

A, A 

|! 1 Ifl 
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Diaminonaphthalenesulphonic acids are used 
technically for the production of azo-dyes and 
azine dyes. 

For azo- dyes. — Diariiinonaphthalcnesul- 
plionic acids yield azo-dyes, by coujiling with 
diazotised bases, if derived from the 1 : 3-, 1 : 6-, 
and 2 : 7-diamines. Like the base itself, 1 : 5- 
diaminoiiaphthalene-3 : 7-tli8ulphome acid fur- 
nishes a tetrazo- coniiiound which, when coupled, 
givc^, direct cotton dyes (Caslella, D. R.-P. 
02076; Eng^P. 15340, 15347 of 1890). 

1 : 4-Diaminonaj)hthalenesulphonie acids do 
not couple with ebazotised bases. By nitrous - 
acid, tlpLiy are usually oxidised, hut azo-dyes can 
lie made from them by employing the mono- 
acetvl derivatives in which the one amino- group 
can ne diazotised and coupled before the other is 
de-ac.otylatc‘d [cf. Gassi'lla, D. R.-P. 78?^31 ; 
79910 ; Eng. P. 15444 of 1893). The 2-sulphonic 
acid can be diazotised in acetic or oxalic acid 
solution, but oiily one amino- group is attacked 
until the jiroduet has been coupled with a 
naphthol, when the second becomes reactive, 
and by coupling furnishes substantive disazo- 
dyes for cotton (Levinstein, D. R.-P. 102100 ; 
Eng. P. 2940, 17004 of 1890). 

1:8- Diaminonaphthalenesulphonic acids 
form azimino- derivatives with nitrous acid. 
They couple with diazotised bases forming azo- 
dyes, but a marked increase in fastness and 
purity of shade is obtained if instead of the 
diamino- acids their acetone * condensation 
products (dimethyldihydroperimidines) are used 
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(Badische, D. R.-P. 121228, 122476; Eng. P. enes (Bayer, D. R.-P. 78497, *77 180, 80778, 86223, 
12819 of 1900), or if the azo-dyes, formed 8(|224 ; Eng. P. 8898, 11892 of 1893), and from 
by coupling 1 : S-diaminonaphthaleneaulphonic the diaryl-2 : 6- and diaryl-2*: 7-diaminonaph- 
acids with diazotised bases, are converted into thalenes (Leonhardt, D. R.-P. 54087 ; Eng. P. 
aziinino- derivatives (Cassella, I). R.-P. 77425; 3098 of 1890). 

Eng. P. 24714 of 1893 ; 1). R.-P. 13990S ; Eng. The source.s and general characters of 
P, 26147 of 1901 ; Bayer, H. R.-P. 222928 ; cf. diarninonaphthalenesulphonfo acids are sum- 

Hochst, J). R.-P. 143387 ; Eng. P. 953 of 1903). mansed in the following tables, references to 

For The sulphonic acids employed fluorescence, usually green in colour, or non- 

In the production of azme dyes have been those I fluorescence of solutions of the alkali salts being 

derived from the diaryl-1 : 3-diaminonaphthal- | omitted, for want of room : — 

Diaminonaphthalenemonosulphonic Acids* 


Constitution, Preparation. Acids, Salts and Iteactiotis. 


N:N:8 

1:2:8 Reduction of azo-dcrivatlves of a-naplitliyl- Ac/if, HA, broad needles. Gives Intcaso omorald- 
ainin(!-3-sulphouic acid (Gattermann green colouration with ferric chloride, 
and Schulz(', Ber. 1897, 30, r,4). ^ 

1 : 2:4 Reduction of azo-derivatives of (i-naplithyl- And, sp. soluble noodles Is decomposed by nitrous 
anjinc-4-auli)honlo acid (Witt, Ber. 1880, acid and does not couple. Aceti/l derivative 

19, 1720); «r of congo-rcd(Frn‘dIaiiderand converted into ethenvl compound by mineral 

Klclbnsinski, Ber. 1896, 29, 1978). aehls or heat (Lange, 1). R.-P. 57942). 

1 : 2:5 Reduction of azo- derivatives of a-naphthyl- Acui, HA, sparingly soluble leaflets. 

anmu'-O-sulphonic aeid (Gattermann la decomposed by nitrous acid and does not 
and Schulze, B(t. 1897, 30, 53) ; or of couple with diazotised bases. 
(3-naj)ht)iylainine-5-sulplionic acid (Witt, 

Ber. 1888, 21, 3480). . . 

1 : 2:6 Reduction of azo-derivatives of ^-naphthyl- Acid, sparingly soluble needles; sodium salt, scales. 

aniine-O-suljihonic acid (Witt, Ber. 1888, Is decoinposiMl by nitrous aeid and does not couple 
21, 3484). with diazotised bases. 

1 : 2:7 Reduction of azo-derivatives of ^-napbthyl- Acid, grey powder. 

amine-7-sulphonic acid (Witt, Ber, 1888, Is deeximposed by nitrous acid and docs not couple 
21, .3485). with diazotised bases. 

1 : 3:6 a-Naplitbol-3 : 5-disulphonlc acid lieated And, readilv sol. Gouples with diazotised bases. 

witJi ammonia under pressure at 175° For diaryl derivatives, cf. Bayer, H. R.-P. 77860, 
(Kallo, D. R.-P. 94075). 78854 ; Eng. P. 16780, 19623 of 1893. 

1 : 8:6 o-Naphthylaminc- or a-naphthol-3 : fl-disul- Acid, sparingly ; sodium salt, readily soluble. • 

phonic acid heated with ammonia under Forms yellow cfiazo-cotnpound. Gouples with 
pressure at 16(F-180° (Kalle, D. Il,-P. diazotised bases. 

80061,94075; Eng. P.9103 of 1895; Fried- For rfiarj/f derivatives, cf. Bayer, T>. R.-P. 76414, 
Iftnder and Taussig, Ber. 1897, 30, 1462). 77866, 78854 ; Eng. 8898, 16780, 19623 of 1893. 

1 : 3:7 a-Naphtliylamine- or o-naphtIioI-3 : 7-disul- A9id, very sparingly soluble needles. Gives 

phonic acid heated with ammonia under reddish-brown colouration witJi ferric chloride, 
pressure at 160 -180° (Ealle, I). R.-P. For derivatives, c/. Bayer, /.c. 

89001 : Eng. P. 9103 of 1895). 

1 : 8:8 a-Napbthylainine- or a-naphthol-3 : S-disuI- And, very sparingly soiuble. Gives reddish-brown 
phonic acid heated with ammonia under colouration with ferric chloride, 
pressure at 160°-180° (Kalle,, 4). R.-P. For diaryl derivatives, cf. Bayer, l.c. 

89001 ; Eng. P. 9103 of 1895). 

• 

1 : 4:2 (1) Reduction of azo- derivatives of a- And, very sparingly soluble. Gives dark green 

naphthylainiiic-2-sulphonic acid (Levin- colouration with ferric ('hloride. 
blein, D. P. Anm. G. 5939 ; Eng. P. In acetic acid solution forms dtcrzo-compound with 

2946 of 1896; Oestx'rrelch, cf. .T. *800. nitrous acid (1 mol.}, convertible into 
Chem Ind. 1898, 17, 836). amine-Z - sulphomc and and by coupling Into 

(2) Action of sodium bisulphite on [a-] erzo-dyes in which the second amino-group can 

naptitliaquinouechloriraide (Fnediander be diazotised and coupled to furnish disazo- 

and Reinhardt, Ber. 1894, 27, 239). dyes (Levinstein, l.c. ; 1). R.-P. 102160). 

» 

1 : 4:6 Reduction of 4-nitro-a-naphthylamine-5- Acid, grevish needles, rapidly oxidised in alkaline 

sulphonic acid (Bayer, D. R.-P. 133951 ; solution. 

Levinstein, Eng. P. j3178 of 1899). 

1 : 4:6 (1) Sulphonation of acetyI-1 : 4-dlamIno- Add, very sparingly soluble. With nitrous acid 

naphthalene with 20 p c. anhydro-acld at or ferric chloride forms [u-]naphthaquinon€ 

25 -50° and subsequent de-acctylation (Dahl, l.c.). 

(Dald, I). R.-P. 66354; Ammclburg, Fomyf derivative (Gaess, D. R.-P. 138030, 138031 ; 
J. pr. Ghem. 1893, [ii.] 48, 286) Eng. P. 3152 ; 8195 of 1902). 

(2) Reduction of azo- derivatives of o- Acetyl derivative (Dahl, l.c . ; qf. Bayer, D, R.-P. 

naphthylamine-0- or 7-8ulphoDic acid 109609) ; and, HA, needles, and lead salt, 

(Levinstein, Eng. P. 12119 of 1898; PbAj-l IJHoO, very sparingly, but zinc, 

Gassella, D. R.-P. 1 16922), ZuA.^4-3iH20. needles, barium, BaAj+7H.O, 

(3) As the mixed 1- and 4-acetyl derlvatlvca flat pnsms," and potassium salt, KA, needles, 

by nitrating a mixture of acetylated a- easily soluble (Ammelburg, l.c.). Gives brilliant 

naphthylaminc-C- and 7-8uIphonic acids blue colouration with ferric chloride and Is dlazo- 

• and after salting out reducing the product tlsed by nitrous acid. 

(Cassella, D. R.-P. 74177 ; Eng. P. 15444 
of 1893), 
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Constitution 

Preparation. ^ 

Acids, Salts and Reactions. 

N:N;S 

1:6:2 

% 

(1) lleductioii of r)-nj<ro-a-napl)t.l»vIamine-2- 
»iill))ionio acid (Cassclla, i). R.-P. 7()8!)() ; 
Friedliinder and KiclbasiiiHki, Jier. ]HyO, 
2d, 

(2) Snlplioiiation of 1 . iVdiiiminoTiaplitlmlene 
Hiiliihute with r> j) c. unliydro-acid at JOO" 
(iJiicliL-icr and Plilmann, J. jir Chcni. 
IdOd, [ll J KO, 

Aeul sparingly soluble small needles ; Hodium, salt 
readily ; harnim salt, PaA 2 , sparingly soluble. 
Forms an easily .soluble yellow iefm 2 o-cornpound. 
Couples with 1 mol. or 2 mols. of a diazotised base. 

1:6:3 

•t 

Nitration and reduction of a-nitronapiitiial- 
ene-T-siilplionn • acid (Cassclla, J) l{ -P 
8.')()r)8), or, mixed with 1 : 8 : 3-acid,* ot 
naptith.dcnc-^-snlpJionic add (Cassclla, 
1) Il-P ()7()17; Eng P. ()d72 of J8!H). 

A nd, sj)aringly, salts readily soluble : hydrochloride, 
prisms 

Forms a fcDtizo-compoimd. 

1:6:4 

(1) Reduct ion and d(‘-aeel vial ion of r>- 
nitroaeol,Yl-a-nai>hl.fivlainine - 1 - sulplionic 
acid (Nict.zki and Ziihchm, Per 1881), 22, 
4r>l ; Puchcr(‘r and Miluianu, J pr Chcni 
1001), In 1 80, 2r.r») 

(2) From I . 5-dilij*lio\Muiplitlialcnc-4-.sul- 
plionic. acid healed witli ainmoniiiin hisul- 
lihitc solution and ammonia (Uuclicn'r and 
Uhlmaun, / c ). 

Acid, very s])Aringlv soluble. 

Forms a trtrazo-inmi[mn\d 

Couples with diazotised bases. 

1:6:4 

l-Ainino-d-naidithoI- l-stilpiionic acid hcah'd 
with ammonia under pichsiin* at 170’ 
180" (Dahl, J> K -P <m 8:U, 7117)7; 
Eng. J' 4110 ot 1802, Fin'dlandt>r and 
Iviellja.siiihki, Per. 1800, 20, 1070). 

And, very sparingly soluble iK'cdles ; barium and 
sodium, NaA-{- Ji]r20, salts flat piisias inode- 
ratel> soluble 

Forms a b-t/-flf.r()-eompoiuul which deeomnoses at 0’ 
iut,o a dmzonajdi(holsul]>honic and. Couples 
with diazotl.sed bases. 

1:8:3 

Nitration and ri'duction of a-nitronaphthal- 
cn(‘-0-sulj)honlc aud (Cassclla, 1) R -P. 
87)07)8), or, mi,\cd with 1.7): O-acul, of 
naphthalene-(t-,Hnli)h()me aeid (CasHclIa, 

1) R.-P. 07017 ; Eng. P. 0072 of 1801). 

Acid, si>aiiiigiy soluble m'cdli's ; alkali salts readily 
soluble ; hydrochloride needles. 

Forms an aziwom-deiivalive Couples with 1 mol. 
or 2 luols. ot dui/.ot.i!5ed bases. 

1:8:4 

(1) Reduction of 1 H-dinitroiiaplithalimc-l- 
snlphonic acid (Cassclla, D. P -1*. 70010; 
Eng 1*. ltii;i ol 180:i). 

(2) Acid sulphate ot 1 : S-dlaminonaphthalcnc 
‘ haked ’ above 100" in a vacuum (Paver, 
i). R.-J*. 210075 , Eng. P. 0831 of 1000). 

Ac«f, almo.st insoluble, sodium salt readily soluble ; 

hydrochloride <ind ‘inlphatc er\stalli,se well 

Forms an asmuao-deriv alive {cf Cassclla, I). R.-P. 

77425 ; Eiig P 24714 oflSU:)) 

(!ouples wilJi 1 mol or 2 mols. of diazotised bases. 

2:3:6 

2 : 3-l)ihydioxynaphtlialciie-()-8Ulph(mic acid 
or 2-ainino-3-napht.hol-0-sulph()nic acid, 
lieati'd vitli aiumoma under pressure at 
17)0’ 220 (Aktieiigcs , D P Anm A. 
3070, Eng P 8381 of 1804; Dcsterreich, 
cf. J. Soc. Cjiein Did. 1808, 17.^,830). 

Acid, .sparingly soluble ; sodium salt leaflets, 
showing blue fluoreseeiice in solution ; i/ffriw/a.salt, 
PaAo. Dives brown colouration with tVrric 
chloride. 

Forms an azimiim-denvative Couples with 1 mol. 
of diazotised base.s (Oest(>rreieh, l.c ) but with 

2 mols. of diazotised 2 >-nitramline (Aktienges., 

D. R.-P. 844(51). 

2:6:4 

Reduction of O-nitio-^-naphthvlaminc-8- . 
snlphonic ,acid (Enedlander and Lucht, 
Per, 1803, 2(3, 3033). 

And, sparingly soluble' flat prisms. Gives emerald- 
green colouration witli feme chloride (Jaeehia, 
Auualeii, 1902, 323, 130). 

• 

Diaminonaphthalenedisulphonic Acids. 

Constitution. | 

! 

Preparation. | 

Acids, 8alt3 aud Reactions. 

N:N:S:S i 
^ :2: 3:6 

Reduction of azo-denvative.s of a-napiithyl- ' 
aiiiine-3 : O-disulphonlc acid (Witt, Per. ; 
1888, 21, 3487). j 

« 

And, sparingly Soluble ; acid sodium salt, NaHA, 
needles. Gives emerald-green colouration with 
feme chloride. 

Decomposed by nitrous acid. ])oe.s not couple in 
acid solutl* n (Ua8.sella, D. R.-P. 72584). 

1 : 2 : 3 : 8 

Reduction of azo-derivatives oi a-naphthvl- ■ 
umine-3 . 8-disnIphonic acid (Perntliscn, ' 
Per. 1800, 23, 3004). 1 

And sodium salt, NaH A -f SHgO, needles. Anhydride 
(sultam), Gi„H^ 05 N 2 S 2 + 2 H 20 , sparingly soluble 
long needles. 

1 : 3 :(5): 7 

a-Nnphthol-3 ; 7) : 7-trisnlphonic acid heated 
with ammonia and ammonium chioride, 
under pressure at 100"-180° (Kalle, 

D. R.-P. 00000 , Eng P. 9103 of 1807)). 

And, very sparingly soluble needles, Gives 
yellowish-red colouration with ferric chloride, 
and brown with nitrous acid. 

Couples witli diazotised bases. 

1:3:6:8 

a-NaphthoI- or o-naphthy Iannne-3 .0.8- 
trisiilplionic acid heaP-d with ammonia and 
ammonium chloride at 100°-180“ (Kalle, 

1). R.-P. 90905 ; Eng. P. 9103 of 1895). ; 

And, sparingly soluble leaflets. Give? intense 
, green colouration vitli ferric chloride and brown 
with nitrous aold. Couples with diazotised bases. 
For rfiaryZ-derivatives, cf. Bayer, l). R.-P. 77866. 
78854 ; Eng. P. 16780, 19628 of 1898. 
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Constitution. 

1 Preparation. 

1 Acids, Salts and Eeaetlona. 

• 

N:N;S:S 

1 : 6 : 8 : 7 

i 

Reduction of 1 : 5-dlnltronaphthalene-3 : 7- 
disuJphonic acid (Cassella, D. R.-P. 61174 ; 
Eng. P. 15340 of 1890 : Oehler, D. P. 

Anm. 0. 1430 ; Payer, D. R.-P. 126198). 

Acid, very sparingly soluble leaflets ; sodium and 
barium salts sparingly soiulfle. 

Forms an insoluble fefmzo-compound {c,(. Cassella, 
D. R.-P. 62076; Eng. P, 15346 of IMO). 

1 Couples with diazotised bases. 

1:6:4 :(8) 

1 : 6-Diiiitronaphthalene heated with sodium 
bisulphite solution in a reflux apparatus 
or under pressure (FischeSser, D. Jl.-P. 
79577 ; Eng. P. 13150 of 1894). 

Acid, readily soluble ; acid barium salt, 
Pa(HA )2 4- lOHoO, moderat-ely soluble. Gives a 
reddisli-hlue colouration with ferric chloride. 
Forms a tetrazo-compomid, and couples. 

1:6 8:8 

Reduction of 1 : 6-dinitronaphtiialcnc-3 : 8- 
disulphonic acid (Friedlander and Kiel- 
baslnski. Per. 1896, 29, 1982 ; cf. 2574). 

Acul, ap. sol, ; sodium salt, NuaA, easily soluble 
needles showing violet fluorescence in solution, 
Couple,s with diazotised bases. ^ 

1 : 6 ; 4 : 8 

i 

1 

Reduction of 1 : 6-dlnitronaphtluilcne-4 : 8- 
disiilphonlc acid (Kalle, D. R.-P. 72605 ; 
Friedlftnder and Eiclbasmskl, Per. 1896, 
29, 1980 ; cf. 2574). 

Acid, sparingly soluble. Gives cherry-red coloura* 
tion with terric chloride. 

Forms a sparingly soluble fVmzo-corapound. 

Couples with diazotised base,s. 

1 : 8 :(2); 6 

1 : 8-DIaniinonapbthaleno-4-Hulphonic acid 
BUiphonated with 8 p c. anliydro-acld at 
80° (Cassella, f). R.-P. 72584). 

Acid and sodium .salt readily soluble. 

Forms an aztwmo-denvatlve. 

Couples readily with 1 mol., loss readily with 2 mols., 
of diazotised bases. 

l:8:3:e 

Reduction of 1 : S-dinitronaplithalene-S : 0- 
diaulplionic acid (Cassella, D. R.-P. 
67002: Eng. P. 1742 of 1891; Payor, 
D. R.-P. 69190 ; Eng. P. 11522 of 1892). 

Acid potassium salt, KlIA-f-SHaO, needles; acid 
banum salt. Pii(H A)2-1-6P20, sparingly soluble 
needles. Gives reddish-brown colouration witli 
foiric chloride. 

Forms an azunino-dorivatlvo (Cassella, D. R.-P, 
69963). , 

Couples with diazotised bases. 

2 : 3 : 6 : 8 

2-Aralno-3-naplithol-0 : 8-dIaulphonic acid 
heated witli 30 p c. ammonia under 
pressure at 185°-190° (Aktienges , D. R.-P. 
86448 ; Eng. P. 8645 of 1895). 

Acul, sparingly soluble needles ; sodium salt, 
readily soluble. 

2:6:?:? 

2 ; 6-l)ihydroxynaplithalenodlsiilplionic acid 
heated with ammonia and ntnmomum 
chloride under pre.ssnre at 200° (.lacchia, 
Annalen, 1902, 323, 131). i 

Acid, leaflets. 

2 • 7 : 3 : 6 

2 : 7-DihvdroxynaplitliaIone-3 : O-disulphonio 
acid hcat<‘.(l with ammonia under pre.sauro 
at 200°~220° (Aktienges., 1). P. Anm. A. ' 
3686 ; Eng. P. 3844 of 1894). 

Acid, sparingly, sodium salt, readily soluble. Gives 
faint brown colouration with ferric chloride. • 

Forms a sparingly soluble <e^.m 2 o-compound. 

Couples with diazotised bases. 


1 : 8-Diamlnonaphthalene-2 : 4 : (7 op 6)-trisulphonic acid, obfaintid when 1 ; 8-(linitronaphthaIene Is 
heated with sodium bisuljjhito solution (Flschesser & Co , J). R.-P. 1 0577 ; Eng. P. 13166 of 1894). The acid sodium 
salt NaoHA t- 2 H 30 , Is readily soluble, but the acid barium salt, liaHA 1^21120, only sparingly soluble. The 
colouration with feme chloride la yellowlsh-brown. It fonas an aziwimn-derivative, and couples with 1 mol. of a 
diazotised base. 


Triaminonaphthalenes. , 

(i.) 1 ; 2 : G-Triaminonaphth^lene, ob- 
tained by reduction of 1 : 6-dinitro-)S-naph- 
thylainine {cf. Kehrmann and Matia, Ber. 1898, 
31, 2419), forms a trincetyl derivative, ifbedles, , 
m.p. 280°, and gives the reactions of an o- 
diaraine (Loewe, Ber. 1890, 23, 2544). 

(ii.) 1 ; 3 : 6-Triaininonaphthalene, ‘'ob- 
tained by heating 1 . b-dihydroxynaphthalene- 
3-8ulphonio acid with ammonia and ammonium 
chloride under pressure at 160°-180°, is easily, 
but its sulphate only sparingly^ soluble. Its 
solution is coloured deep brown by nitrous 
acid (KaUe, D. R.-P. 89061 ; Eng. P. 9103 of 
1896). 

(iii.) 1 : 3 : 7-Triaminonaphthalene ob- 
tained by heating 1 : 7 -dihydroxynaphthalene- 
.‘i-sulphonio or 2-amino-6-naphthol-8-sulphonic 
acid with ammonia and ammonium chloride at 
160°-180°, is easily soluble and in solution gives 
a deep brown colouration with nitrous acid, but 
bluish-violet Vith ferric chloride. The sulphate 
is only sparin^y soluble (Kalle, B. R.-P. 90906 ; 
Eng. P. 9103 of 1896). 

VoL. IV.-T. 


VI. Hydroxy- Derivatives. 

Introductory . — a - Naphthol, naphthol, 

several of the a- and fl-naphtholsulphonio acids, 
and the greater nuinner of the dihydroxynaph- 
thalenes, arc obtained on the largo scale from 
the appropriate najihthalencsulphonic acids by 
fusion with caustic jiotash or soda. An alterna- 
tive method, also of wide application, for the 
production of hydroxy -derivatives is that ia 
which naphthylarainesiil phonic acids are useeb 
the exchange of the amino- group for hydroxyl 
being effected by the diazo- reaction, by the 
bisulphite method, or by water at a high 
temperature.. 

In general, the hydroxynaphthalenes re- 
semble the hydroxybenzenes in chemical be- 
haviour and properties, and the resemblance is 
complete when, by hydrogenation of the non- 
substitutod ring, or.- derivatives are formed 
from them {cf. Bamberger, Annalen, 1890, 267, 
10). Nevertheless, in certain directions, ^ffer- 
ences exist between the two series, as may be 
illustrated by reference to the two naphthols. 
These compounds, and )3-naphthol more readily 

2 H 
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than a-na})hthol, are converted into naphthyl- 
amines when heated with ammonia under 
pressure (Badisohe, I). R.-J\ 14(512; Eng. P. 
251(5 of 1880), into alkyl ethers when heated 
with alcohol and hydrochloric acid at 150° 
(Liebennann and Hagen, Her. 1882, 15, 1427), 
and into naphthyl ethers when boded \\'ith dilute 
sulphuric* acid ((Jraebe, Her. 1880, 13, 1850), 
whereas phenol under sundar conditions yii'lds, 
at most, only tract's of tln^ eoriesponding pro- 
ducts. Similar din’en'nees can be recogni.sed 
when the dihydroxyna]ihthalenes arc compared 
with the dihydtoxy benzenes. 

H VDROXYNArnTHALHNE.S. 

OPj ('•) a-Naphth Ol occurs in vc'ry small 
. . amount in (!oal lar fraetnms ol high 

/ Y j boihng-ptJint (Schulze, Annalen, 1885, 

\ "121, 150). It was liist <d>taincd from 

^ ^ a-naphlhylaminc by tin' diazo- rcac(u)n 
((rriess, Proc. Hoy. Soc I8(>2, 12, 410), but on 
the large scab' is jircjiared by losing soflium 
naphthalen('-a-su!])hoiiat(‘ with caustic soda oi 
potash (r/. Schaflei, Annalen, 18(50, 152, 281 ; i 
Willson and Meyer, lli't. 1014, 47, 31(52). It is j 
also formed by digesting a-chloronaj)hthalene 
with 10 p.c. caustic soda solution at 280° 300" 
(Meyer and Ih'rgius, Her. 1014. 47, 3150) or in 
better yield with caustic soda ami nietliyl 
abiolud at 210° ((3icm. Wi'fke. Ichendorl, 
1). B.-P. 281175), or, fit'c even from traces of 
)3-na])hthol, by heating a-na])hthylamin(' salts 
with water under pri'Ksurc. 

Prrpnraho}!. — 4'bc ju’oci'ss adoptt'd in the 
manufactuie of a-naplitliol from .soihuin na])h- 
thalene-a-Hul])bonate is ]tr<i(‘tically identical 
with that described uiub'r /^-napbtliol (7./’, . (f. 
Tjcvimstcin, Bug. P. 2300 of 1883). Alti'riia- 
Hively, a-napbtbybuninc hydrochloride or sul- 
phate IS heat ('ll with 5 tinu's its weight ot w'ater j 
under ]ir('ssure at 200° for j-4 hours, and the I 
product distilled to remove small fjuantitu's of ■ 
impurities of high boilmg-])oinl (Hoehst, I). 

74870 ; Eng. P. 14301 of 1802); or a-naphthyl- 
amiiu' is heated with sodium bisiiliihate, phos- ' 
phone acid, 01 ziue chloride and wati'r at 210° I 
(Ilbchst, 1). K.-P 7(5505). | 

I^ropcrfip.s. — a-Napht.liol crystallises in lus- ■ 
trims monoclmic Hat ]insms [cf. Stenmiet/, Z. 
Kryst. Min. 1010, 55, 375) m.p. 04”. b.]). 278° 
2H()° (Schaffer, /.r,), sp.gr. I -221 at 4° (Schroder, 
Her. 1870, 12, 1(513), and dissolves readily in 
alcohol, organic solvents, or in solutions of 
caustic alkalis, but only very s])anngly in hot 
water. Its odour is jihenohe and it vc latilisi's 
readily wdlh steam. 

.. RfocHow. — It couples wntb diazotised bases 
forming para-ozo- dyes, but in alcoholic sidulion 
with bcnzciicdiazonium chloride, is said to give 
a mixture of the ortho- and para- compounds, of 
which the former is insoluble in 4 p.c. caustic 
soda solution ((.'harrier and Casalc, Atti R. A. 
Sci. Torino, H)14, 49, 477). By nitrous acid it 
is converted into a mixture of 2-mtrofio- and 4- 
viiroso-a-naphthol {v. NajMhuqunioneoxiines), the 
foriTK'r as chief product, or, in ethereal solution, 
into 2 ; 4L-(hiiitro-a-7m])hthol, which is also the 
product of nitration. Chlorination with sul- 
phuryl chloride convert? it into ^-chloro-, but 
with ehlorme into 2 ; ^-dichloro-a-mphihol. By 
sulphonation a-napht hoi -mono-, di-, and in- 
sulphonic acids are obtained. 


Oxidation with nitric acid or with perman- 
ganate in acid solution furnishes philudic acid, 
hut with permanganate in alkaline solution 
phlhnlomc arid is obtained (Henriques, Ber. 
1888, 21, 1(508), and in caustic soda solution 
with cujiric oxide at 250” a mixture of benzoic 
and phthahe acids (Bindscb., J). R.-P, 138790, 
13995(5). On reduction with sodium m am}'! 
alcohol solution, it yields av.-Uirahydro-a- 
j naphihol as the sole product. When heated under 
I pressuri^ with ammonia, acetamide or aniline, it 
IS converted respectively into a-naphthylawinc, 
I or its acetyl 01 phenyl diTivatixi', Its dry sodium 
eompomid,^ when lu'ated with caihon dioxide 
under ])ressiii(', yields I - hydroxy - 2- naphthoic 
and 

It IS eonvi'rted into a-dinaphtliylcne oxide. 
((YoHfl)j.O when boiled for some time in the air, 
vvtK'ii distilb'd with litharge, or, mixi'd with 
naphthalene, and nthei pioduets, when heati'd 
in a tube at 350' -40()" ((5raebe, Kneebt, and 
Ibizeitig. Annalen, 1881, 209, 134; Merz and 
Wc'itb, Ber. 1881, 14, 195). 

('olovneactiom —Pleaehing-jiowder solution, 
added to an aqueous solution of a-na|)hibol, 
givi's first a dark-viob't eoloniation and then a 
lloeeulent precipitate of thc' same colour; but 
lerrie eliloride produces a milky o])a1('seeiiee, 
wbieb ebanges to a violet lloeeulent ])roeipi1afe 
of aa'-dinaphthot (Sehaffi’r, /.i . ; Dianin, Per. 
1873, t5, 1252; 1874, 7, 487). Like /]-naphtbol. 
it (lev('lo]).s a Pi UHsiun-blne eolomation with 
chloroform and Oianstic ]>ntash holution, but, 
unliki' /J-najditliol, it givi's a iJe(']» \ lolet t urbid 
liquid when inixi'd in aqueou.s .solution with 
sodium hvj>oio<bt(' (.lori.ssen, Ann. Cliim. anal. 
P)02, 7, 217), and an iiiti'iise gii'i'ii colouration, 
t hanging to leddisb-Molet on addition of acetic 
acid, wlien shaken in small amount (0 ()l-t)*02 g.) 
with 2 3 e.(. of titanyl Kul])bate .solution® 
(l)en]gi''s, Ann Chun anal. 191(5, 21, 2J(>). 

Tests,- ( Vmimi'roial a-na]>ht}iol shmild be 
eoloniless, have a melting-point very nearly that 
of the ])urc compound, and l('ave only a small 
n^sidue on extraction with caustic alkali solu- 
tion. 

hJstimatton. — Thi' pirratr, m ji 189°- 190°, 
wdii''.h IS almost insoluble in water (Marehetti, 
Gaz; . ehim. ital. 1882, 12, 503). can be Gm])loyed 

III the ((ua; titative estimation of a-naphthol. 
'I’lie sanijile is lu'ated with N/20 {iicric acid 
solution in a closed ves.sel. and the excess of 
picric acid afterwards determined by titration 
with N/IO baryta, lacmoid being the indicator 
(Ki'ster, Ber. I HOd, 27, 1 104). 

a-Naphth yl methyl ether [a-rnethoxy- 
vaphthulcne), formed by boating sodium a-najih- 
tholatc w'ith methyl chloride and methyl alcohol 
I under pressure at. 100° (Bayer, Elng. P. 1108 of 
1879); or byipas.sing methyl chloride through 
sodium a-naphtholate at 280° (Vincent, Bull. 
Soc. chim. 1883. [li.] 40, 107) ; or by leading a 
solution of a-naphthol in methyl alcohol into 
, riaphthalene-^-siilphonic acid at I40°-145° 
(Krafft & Rons, D. R.-P. 7(5574 ; Eng. P. (5190 
; of 1894) ; or by beating a-na 2 )hthylamine with 
; ^ (’r\.stallin(* sodium a- or g-naphtholate can be 

I obtained by dissolvin'? the naphthol (1 pt.) In boiling 
; 7 5 p 0 . caustic soda solution (4 pts.) to which, after- 
wards, common salt (1 pt.) is added (Rdnig, D. B.-P. 
21(151)0). 

* Ihrepared by heating rutile with concentrated 
sulphuric acid during some houis near the boiling-point. 
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methyl alcohol and zinc chloride at 180'’-200° 
(Hantzsch, Ber. 1880, 13, 1347), is conveniently 
prepared by heating a-naphthol (5 pts.) with 
absolute methyl alcohol (5 pts.) and sulphuric 
acid (2 pts.) at 140'^ in a reflux apparatus pro- 
vided with a small mercury column (Chittermann, 
Annaleri, 1888, 244, 72). It is an oil with an 
orangp-liko odour, b.p. 2(59", sji.gr. 1-0974 at 
15", and is volatile with steam. 

a-Naphthyl ethyl ether, formed by 
methods similar to those de.seribed for the 
methyl ether {cf. Schaffer, Anrialen, 1809, 152, 
280; Liebermann and Hagen, ber. 1882, 15, 
1427; (kittermaiin, Zc.), can be prepared by 
heating a-najihthol (72 g.) with 3(5 ]) e c.iiistie 
potash (85 e.c.) ami ])n1assium (dhyl .sulphate 
(90 g.) for (5 hours under jiressurc at 150', any 
unchanged a naphthol being lomovi-d by 
cou])lmg with diazotised sulphanilie .icid (Witt 
and SehiH'ider, Hi'r. 1001, 34, 3173). It is an 
oil of peculiar odoiit, m.p. 5-5 ’, b.p. 2/(5", and is 
volatih' with steam. 

/ZmrZm//v.- - lake otlii'r a-najdithyl etlii'rs, it 
couples with diazotised ba.ses eontaimiig •//- oi 
op- m-gativi' radicles, ( .<i diazotised 2 4-diintio- 
aniline, forming o*;o- dyes (Meyer, Irsehu-k and 
Schldsser, Hei. 1914, 47, 1750). On sulphona- 
tion it yields fih(Kri/-a-ii(tphffiol-4-suI()/io)nc and, 
from which by nitiation 2 : i-ihuilro-a-nophOiol, 
i-nttro a-naphthi/l il/iifl ((hn, and 2-n\iro-\- 
ilhornmiphihalniv-i-.suJjdtantc and aie fonned 
(Witt and Schneider, l.<\). 

a-Naphtliyl i)lH'nyl etbei, m.p. 5.5'- 
.5(5 '. IS obtained by In-atiiiL^ a solution of sodium 
a-naplitliolate in a-naplif hoi with ehlondKoizene 
at 200"-220‘’ under firessuie (Kritzsehe, D K -I’. 
209543 ; Eng. \\ '.1797 of 1913). 

aa'-l)i na Jill thy 1 caibonate, picjuired 
by the inteiai'tion of pho.sgeiM' and sodium 
a-naplitholate. is a eiystallim' poudi-t, m.]). 129'’ 
130", convertible into a-a'i/difliol-4-n((photii<' 
and or a mixtiiie of a naphthol -4 : 0- and 4 • 7- 
dnulphonic and.s by siiljihonation (lte\<*idin, 
Ber. 1894, 27, 315if; llochst, I). K.-B. 80888; 
80S8<); Eng. P. 11134, 14 135 of 1894). 

aa'-Dina jihth yl sulphite, m.[), <)2-93‘’, 
IS obtained by heating a-naphthol in carbon 
disuliihide solution v\i(li thionyl ehloiide *111 
the [itcseriei' of pyridine (Bailisehe, I). R..-P. 
.303033). ‘ • 

a-Naphtliyl acetate, ])ref)ared by heat- 
ing a-naplithol with aeef ie acid ,it 200" ((l»aebe, 
Annalen, 1881, 209, 151). forms broad needles 
or tables, m.p. 49'" (Miller, Annalen, 1881, 208, 
248), is hydrolysed by boiling with w'aWr 
(Schaffer, l<\)\ givi s [a-]naphlhai{ninom‘ on 
oxidation with (diromie acid in acef.ic acid 


solution ; and when heated with acctie anhy- 
dride and zinc chloride is eonVerted into tlfe 
isomeric 2 -ftc Ho -a- naphthol, greenish ciysfals, 
m p. 103’’ (Witt and Braun, Ber. 1914, 47, 3219). 


a-NAI’HTHOlvSULPHONIC AciDS^ 

I nIrodnHorif. — The geuei-al methods em- 
jiloyod in tile preparation of a-na]ihtholsulphumc 
acids are : — 

(1) Sulplionation of a-najihlliol ; 

(2) Exchange of The annuo- group in a- 
naplithylainmesulphonie acids for hydroxyl by 
the diazo- reaction, or hy tins bisulphiti' reaction 
(/'. }). 41(5), or by inteiaefion with water at a 
high temperature ; 

(3) Exeliaiige (d’ clilorine in a-chloronaph- 
thah'iiesnlphonie acids foi hydioxyl by fusion 
with caustic alk.'ili . 

(4) Exchange of one suiplionie group in 
naphthalenepolvsulphonie acids lor hydioxyl hy 
fusion with caustic alkali. 

In addition to the.si' pioecsses, which arc of 
technical importance, offn-is of more limited 
application or \alue arc known, such as — 

{a) 4’ho jiartial hydrolysis of a-na jilitlu/lpoly- 
sulphonic acids by interaction I'ithcr with dilute 
acids at a high temperature oi with sodium 
ainalgaiu iii the cold ; 

[h) I'hi- change (c/. a-najihl hylamjne-4-sul- 
phonie and) which sodium a-naphthol-d-sul- 
phonate ami 2 : 4-disul[diouate undeigo when 
h(‘ated at 170 ” : — 

Oil on OH 

! A'^SOjNa 

VV VV VV 

,SO.,Na KOjNa 

The a-naphtholsiilphonie acids and their salts 
are more soliihlo and h'.ss w'(41-detined than the 


relatcil a-naph(.liylanimeHul])honie derivativi's ; 
they aiv less ea.sy, therefore, to leeognise in or 
to isolati- from mixtures eontaming them. The 
zinc .salt, although easily solnhle, has been used 
for the ])ur|)o.se of identifying monoHnljihonic 
acids, and qualitatively 5he comjio.sition of a 
sulphonation product can ho determined largely 
hy mean.s of iiitroiiH acid (giving rise to o- or 
p-nitroso-d('rivativc.s), nitric acid (producing 


i naphthol yellows), or diazotised liases (leading to 


the formation of o- or p-azo- dyi's) : reagents 
which interact w'lth some isoinendes but not 


j with others. 


The course of the sulfihoiiatioii of a-naphthol. 
as traced by the application of these analytical 


methods, is shown in the scheme — 



from which it w<ll be seen that three of the acids j sulphuric acid at the highest temperature em- 

owe their formation to partial hydrolysis of the { ployetl in these sulphonation s. 

trisulphonic acid— efTected by relatively dilute i The scheme also shows that acids containing 



468 


a-NAPHTHOL. 


the SOjH radicle in the 3*, 5-, or 8- position are Salts . — The acid forms small rhombic prisms, 

net formed by the action of sulphuric acid*on and differs from its isomerides in being sparingly 
a-naphthol. Neither are they formed by the soluble in dilute mineral acids. The lead salt 
sulphonation of a-naphtholsulphonic acids pro- PbAj 4* scales ; salt BaA 2 +]^H 20 . 

duced in other ways/ and to obtain them needles; and calcium salt CaAg-fHgO (?)- 
recourse must be had to the second general scales, arc sparingly soluble (Cleve, l.c.): the 
method preparation in which a-naphthyl- potassium salt KA-f^HjO, prisms, is soluble in 
aminesulphonic acids of the desired orientation 37 parts of water at but almost insoluble in 
are used. saturated potassium chloride solution (Conrad 

As in the case of the corresponding a-naph- and hhscher, Lc.). 
thylaminesulphouic acids, it is found that Beaettons . — Nitrous acid reacts with it in the 

a-naphtholsulphonic acids with a sulplionic cold, forming 4-ni1roso-a-naphthol-2-sulphovic 
group in the 3- position give 1 ; 3-diaininonaph' acid, Avhich does not give a iiaphthol green with 


thalene derivatives with ammonia; those con- 
taining it in the 8- jiosition give pen- anhydrides 
(snltoncs); and those^in winch it occurs in the 
3-, 4-, or G- position furnish mV/m-azo- dyes. 

a-NAPiiTHOLMONOSULrifONic Agids.^ 

(].) a-Naphthol-2-sulphonic acid {SchafJWs 
acid) has not been obtained pure by the siil- 
phonation of a-naphthol. The earliest jirocess 
for its pre])aration, by heating a-naphthol with 
twice its weight of Hul})huric acid on a water 
bath until siiljihoriation is eom])letc (Schaffer, 
Annalen, 1 8(511, 152, 21)3; Darmstadter and 
Wichelhaus, Eng. P.'dtl of 18(59), has been shown 
by ('onrad and Eischor (Annalen, 181)3, 273, Kill), 
and by Bender (Per. 1881), 22, 1)1)1)), to give rise 
to a product coiitaimng much 4-mono- and 
2 ; 4-di-sulphonic acidsA If a-naphthol be 
heated only for a short time with an equal 
weight of Huljdiuric atud at (5()^'-70'\ so that siil- 
phonation is incomplete, the yitdd is increased 
from 23 p.c. under Schaffei’s conditions to 
50 ji.e,,^ and the jirodiiet can he separated as 
, potassium salt by the addition of jiotassium 
chloride to the melt diluted slightly with water 
(Friedliinder and Taussig, Ber. 181)7, 30, 1457). 

Preparation.- -It can be prepared eitlier from j 
a-naphthol by Friedhuider and Taussig’s method 
{l.c.), or from a-naj)hthylaiiiine-2-sulpha lie acid 
by the diazo- reaction (dleve, Bor. 181)1, 24, 
347(5) ; or its sodium salt, m 70-80 p.c, yield, by 
boating sodium a-naphthoI-4-sulj)hoiiate or 
2 : 4-di8ulphonate, mn.ed with twice its weight 
of naphthalene or parallin, during 3-4 hours at 
1()0“-170“ (Bayer, J). K.-P. 23731)() ; Eng. P. 
2355 of 1911). 


iron salts.s Witli nitric acid it yields 2 : 4- 
dindro-a-naplithol. By sulphonation it fur- 
nishes a-napfithol-2 : 4-disulpho‘nic acid. 

Its acetyl derivative, obtained by heating the 
potassium salt with acidic anhydride, is con- 
vertible into the sulphonyl chloride, m.p. 87*5° 
(Anschutz and Maxim, Annalen, 1918, 415, 92). 

(ii.) a Naphthol 3 sulphonic acid is obtained 
when naplithalene-1 : 3-disulj)hi)nic acid is fused 
with caustic alkalis at 200‘^--220° (Badischc, 
1). R.-P. 57910; Eng. P. 9537 of 1890); or 
w'him diazotised a-mii»hthylamine-3-8ulphonio 
acid IS boded with 10 p.c. siiljihiiric acid (Fried- 
lander, Bei. 1895, 28, 1952) or water (Gatter- 
mann and Bohulze, Ber. 1897, 30, 54) ; or when 
diazotise-d 2-amino-8 iia]>hthol-(5-sulphoni(! acid 
IS boded Avith alcohol (Badische, l.c.; Fried- 
lander and Taussig, Her, 1897, 550, 1458); or 
when a-na])hthol-3 : 8-disnl])honic acid is re- 
duced hv sodium amalgam in tlie cold (Baver, 
1). R.-P. 255724; Eng. P. 28172 of Poll) or 
eleetrolytically (Bavci, I). R.-P. 248527, 251094 ; 
Eng P. 28173 of 1911). 

Salts . — ’Phe zinc salt ZnAo-f-S^TljO forms 
long needles and, like the barium salt, is easily 
soluble (Eriedlander and Taussig, l.c.). 

Reactions.— With diazotised aiuline, o-mtr- 
aniline and p-nitraniline, it couples respeetively 
in the ortho-, in the para-, and in both the ortho- 
and the jiara- jiositioiis ((-Jattennann and 
Schulze, l.c. ; Gattermann and Eiebermann, 
Annalen, 1912, .393, 2J4). When heated with 
ammonia under pressure at i00"-180°, it is con- 
verted into 1 ; ',\-diamvn,(. naphthalene, and with 
aniline and its hydrochloride, at ]5()°-170°, into 
diphcnyl-\ ; 'i-diamrnomiphthakne. By digestion 
with (50 p.'c. caustic soda at IBO'’ it yields o- 


^ For oxainple, a-napliUu)l-8-8nli»honic acid on 
sulphonation yields the follnwiiig producta; 

8 on a oil B OH 

, CO -CO -CO- 

s s 

In which both the 3- and the O-posltions remain un- 
sulphonated, 

* In every case M'here the eonstitutlon of an 
a-naphtholsulphonie add is given, the OH radide Is 
Buprosed to be In the position ‘ 1.’ 

* Mixed products also are formed by the methods 
employed by Claus and Ochler (Ber. 1882, 15, 312 ; 
cf. Armstrong and Wynne, Cheni. Soe. l*roc. 1890, 
6, 80), by Claus and Knyrim (Ber 1885, 18, 2924), 
and by Baum (D. P. Anm. B, 4107; Eng. P. 3498 
(prov. spee.) of 1883), in wlildi sulphuric acid, diloro- 
Bulphonic add, or anhydro-acid is employed, the 
methods themselves being valiide.ss {cf. Conrad and 
Fischer, l.c .). . 

* According to Holdcmann, mercurous sulphate, 
tried as catalyst, has no Influence on the yield by 
Frledlftnder and Taussig's method, about equal weights 
of the 1- and i-sulphonic acids being recognised in the 
product (Ber. 1906, 39, 1255). 


toluic acid (Kalle, D. R.-P. 79U28 ; Eng. P. 
ItiGGHof 1894). 

(lii.) a-Napbthol-4-sulphonlc add {Nevile and 
1 Winther’s acid), found in the sulphonation pro- 
I d«t;t obtained from a-naphthol by Schaffer’s 
j method {v. 2-suiphonic acid), can bo separated 
j from the 2-sulphonic acid either by converting 
I the product into sodium salt, from which it is 
j extracted by boiling 90 p.c. alcohol (Verein, 
I D. R.-P. 2()&i2 ; Eng. P. 2237 of 1883), or by 
; precipitation as zinc salt (Friedlander and 
* Taussig, Ber. 1897, 30, 1458). 

1 Preparation. — From a-naphthylamine-4-8ul- 
! phonic acid it can be prepared by boiling the 
j diazo- compound with 10 p.c. sulphuric acid 
1 (Nevile and Winther, Ghem. Soc. Trans. 1880, 

; 37, 032 ; Dahl, 1). P. Anm. D. 1486 ; Eng. P. 
12296 of 1883; Erdmann, Annalen, 1888, 247, 

I 34.1 ) ; Of by heating the sodium salt with 50 p.c. 

j ® The production of a uaphthof green with iron 
salts serves to distinguish oHho- from para-nltroso- 
' derivatives. 



NAPHTHALENE. 


469 


cauatio soda solution under pressure at 240°- 
260°, and boiling the solution of tho product in 
water to ex])el ammonia (Aktiengea., D. R.-P. 
46307); or pure and in almost quantitative 
yield by the bisulphite method (Bayer, T). R.-P. 
109102 ; Eng. P. 16807 of 1899 ; v. p. 416). 

It can also bo obtained by digesting a- 
ohloronaphthaIene-4-sulphonic acid with 26 p.c. 
caustic soda solution under pressure at 200°- 
220° (Oehler, D. R.-P. 77446); nr heating 
a-methoxynaphthalene-4-sulphonie acid with 
60 p.c. caustic soda solution under pres-sure at 
240° (Dahl, JJ. R.-P, 88843); or by stirring 
a-naphthyl carbonate into monohydrate at I0°- 
20°, })ouring tho solution on to ice, salting out 
the disulpho-a-naphthyl carbonate, and boiling 
this product with water at 60°-70° (Jldchst, 
H. R.-P. 80889; Png. P. 14135 of 1894; 
Reverdin, Per. 1894, 27, 3400). 

Snl/s \ — The arti/ and salts are easily soluble. 
The zinc salt ZnA^ + 8lRD forma prisms; tho 
sodium salt, which can easily be salted out from 
solution, loriris columnar crystcils (Friedlander 
and Taussig, Lc.), is soliibh* in 90 pc. alcohol, 
and gives with ferric chloride a blue or bluiah- 
grocn colouration (Dahl, l.c. ; Erdmann, L<\). 

React ions . — The ( irtho-u w- dyes avIi icli it f ur- 
nishes by coupling with diazotised bases are of 
much technical imiiortance on account of the 
purity ot their shades. Nitrous acid ri'acls with 
it in the cold lorming 2-?o/m.so-a-/mp/d/mi-4- 
sulphomc acid, wdiich gives a naphthol green with 
iron salts. Warmed witli dilute nitric amd 
it is converted into 2 ; 4-divitro-a-naphthol (ef. 
Bender, Per. 1889, 22, 997); digested with 
ammonium suljihite solution and ammoma at 
100°-150° it furnislies a-n/iplithi/lanmieA-suI- 
phonic acid ; sulphonated, it yields successively 
a-'ruiphl}iol-2 : 4 -disnl phonic acid (Armstrong, 
pnv, comm.) and a-n(iphthol-2 : 4 : 1 -tnsulphonic 
acid. Its sodium salt, when heated at 160°- 
170°, undergoes transformation into sodium 
a - naphtJiol-2-su Iph o n ate. 

(iv.) a-Naphthol-5-sulphonic acid {Cleve's 
acid, ; Jj-acid) is obtained by boiling diazotised 
a-na])hthylamine-5-8ulphonic acid with 10 p.c. 
sulphuric acid (Vereiti, i). R.-P. 26012 ; Eng. P 
2237 of 1883 ; c/. Clove, Pull. 8oc. chim. 18i75, 
[li.] 24, 511; Uaess, 1). P. Arim. G. 2393; 
Schollkopf, Eng. P. 15781 of 1885)J* It is also 
formed when sodium naphthalene- 1 : 5-ibsiil- 
phonate is fused woth caustic soda at 160°^] 90° ; 
the sparingly soluble sodium a-na])hth()l-5- 
sulphonate being isolated by acnUfying the 
aqueous solution of the melt Avith hydrochl(*ric 
acid (Ewer & Pick, 1). R.-P. 41934); or when 
a-chloronaphthalene-5-8uli)honic acid is heated 
with 8 p.c. caustic soda solution under pressure 
at 24()°-250° (Oehler, D. R.-P. 77446). 

Salts . — The acid forms a sdfm -crystalline 
deliquescent mass (Erdmann, Annalen, 1888, 
247, 343); the zinc salt ZnAj-fSJH^O, easily 
soluble long needles (Friedlander and Taussig, 
Per. 1897, 30, 1460) ; the sodium salt dissolves 
readily in warm alcohol, and gives with ferric 
chloride a violet-red colouration (Gaess, l.c.). 

Eeactions. — Diazotised bases coiijile with it, 
forming ortho-aso- dyes (c/. Gesellsch., D R-P. 
66838; Gattermann and Schulze, Per. 1^97, 
30, 62), but €f the diazonium salt contains 
negative substituents coupling takes place 
usually in the para- position (Gattermann and 


Liebermann, Annalen, 1912, 393, 211). By 
nitrous acid in tho cold, it is c<jn verted into 2- 
nitroso-a-naphthol-5-sv,lphonic acid, which crys- 
tallises well, and gives a rMphihol green with 
iron salts (Friedl&nder and Taussig, l.c.). On 
sulphonation with 20 p.c. anhydro-acid below 
100°, it gives a-nuphthol-2 : 5-disulphmic acid. 
When fused with caustic soda at 220°-2C0° it 
yields I : 5-dihi/droxy naphthalene, but with sod- 
amide in naphthalene suspension at 230°, 1- 
amino-5-naphthol. 

(v.) a-Naphthol-6-iulphonic acid is obtained 
Trom a-naphthylaimnc-6-sulpbonic acid either 
by the diazo- reaction {cf. Erdmann and Silvern, 
Annalen, 1893, 275, 304) ; or by the bisulphite 
method (Bayer, 1>. R.-l’. 109102; Eng. P. 
]()807 of 1899; v. p. 416). It is also formed 
w'hcn sodium naphthalene- 1 : 6-cljsulphonate is 
fused with caustic soda {cf. Pucherer, J. pr. 
('hem. 1904, fii.] )0, 346). Of the properties of 
this acid little is known. 

(vi.) a-Naphthol-7-sulphonic acid is probably 
the chief jiroduct when the mixed barium salt 
from tho acids (mainly a-najihthol-2 : 7-, and 
4 : 7-ch8ulphoiiic, and 2:4: 7-trisulplionic acids) 
obtained by heating a-naphthol with 4 times 
its weight of sulphuric acid at 130° for an hour, 
IS boiled with liydrochlornf or diluted sulphuric 
acid (Liebmaim and Studer, D. P. Anm. L. 
4327 ; Eng. P. 7812 of 1887). In the pure form 
it can be obtami'd from a-naphthylamine-7- 
8ul})honic acid by the fbazo- reaction, or by 
the bisulphite method {cf. Piichcror, 3. pr. 
(3icni. 1904, [ii.i 70, 347); or, from 7-sulpho-l. 
hydroxy-2-na])hihoic acid by heating it with a 
small quantity of water at 1 20° (Friedlander and 
Taussig, Per. 1897, 30, 146J). 

Saits. — The and, a crystalline mass, gives 
with ferric chlorido a brownish-violet coloura- 
tion and, like the salts, is easily soluble. The 
zinc .salt ZiiAg-fSH.^O forms radiate groups of 
needles ; the hanum salt, nei^dles (Friedlander 
and Taussig, l.c.). 

j Reactions. — Coujilcd with diazotised p-ni- 
i tramline in aectic acid solution it gives monoazo- 
I and in alkaline solution disazo- dyes sensitive to 
! acids (Friedlander and Taussig, l.c. ; cf. Bender, 
j Bor. 1889, 22, 996). Nitrous acid reacts with it, 

; forming a rntroso-a-naphthol-l-sulphonic acid, 

I which yields 2 : 4-dinitro-a-naphthol-l -svlphonic 
' aetd when warmed with dilute nitric acid 
I (Pender, l.c.). By tho bisulphite reaction it 
•furnishes a-ryiphthijlamin^e-i -sulphonic acid. 

(vii.) a-Naphthol-8-sulphonic acid {S-add). 
The product isolated when diazotised a-naphthyl- 
amine-8-Hulphonic acid is boiled with water or 
I dilute sulphuric acid is not a-naphthol-S-suW 
1 phonic acid but naphthasultone, the pen- 
anhydride of this acid (Schultz, Per. 1887, 20/ 
3162; Erdmann, Annalen, 1 888, 247, 344). The 
acid can be obtained from the sultono by heating 
it with alcoholic ammonia at 130°, adding lead 
acetate, and decomposing the precipitated lead 
1 salt with hydrogen sulphide (Erdmann, l.c.)’, 

' or from a-naphthylamine-8-8ulphonic acid either 
' by heating it with water under pressure at 180°- 
I 220° (Hochst, 1). R.-P. 74644; Eng. P. 14301 
I of 1892), or by the bisulpliite method (c/. 

1 Buchorer, J. pr. Chem. 1904, [ii.] 70, 347 ; v. 
p. 416). 

Salts. — ^The acid HA-fHjO is crystalline, 

' m.p. 106°-107°, and very soluble. It does not 
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lose its water of crystallisation below 180°, and 
shows little tendency to pass into the anhydride 
even in the f.resonce of dehydrating agents. 
The pofassiunt. salt KA, scales; the basic 
dof/iuin salt JSla^A-f J jH.d), small needles; and 
the at/imoniiurc salt Ni4^A, scales, are easily 
soluble, and like the acid givii with feme 
ohloridd' a dark green colouration, changing 
rapidly to red (Erdmann, I r.). 

licactious . — It couples with diazotised bases 
forming azo- dyes VVdli ml ions acid a sjiaiingly 
soluble nitroso- compoiiyd is obtained, whieli 
yields 2 ; A-fluiibo-a-najifit/tol-H-sulphoinc aryl 
when wanmal with nitnc acid, h’naion with 
caustic ])otash at. 220 " converts it into 1 : H- 
(lihifdroxi^mij)lilliainii, but with sodamide in 
naphthalene susjx'nsioii at 2110° into \-(tnimo-H- 
naphihol. 

IV a])h th as 11 1 1 o n (“ 

^tr' 

desenbed as najihtholsul phonic aeid S (Scholl- 
kopf, J). ii.-W 40571 ; Eng. \\ 15775 <4 1885, 
V. 8-sulphoine acid), is obtaiin'd almost quanlita- 
tively by hiuhng (hazotised a-naphthylaininc-8- 
siilphoiiK* acid with alcohol, water, oi ililutc 
sulphuiic acid (Karjieles, if. 4. Soc. ('hem. Ind. 
1808, 17, 837). It cryslalli.si's Irom alcoJiol in 
largo prisms, m p I'ot', distils abioe .3(>0° with 
only slight decomjiosition, and is almost in- 
soliibh' in Avater. 

Ib’di tiuiis —\i yields salts of a-na})ht.hol 8- 
Bulphonu! add when boiled with aqueous 
caustie alkalis in aleoli(»lic ammonia, but does 
not react wath these in the cold (Schultz, Jiei. 
1887, 20, 3102, Jlidmann, Annalen, 1888, 247, j 
345). tSulphonation eonveits it into a-iiajdifhol- 
4 ‘ '6-disalplionic a( id. 

a-NAPirnioLDisuLPiioNic Aoins. 

(i.) a-Naphthol 2 : 4 disulphonic acid, foimed 
by the suljihoiiation of a-naphthol oi of a- 
naphthol-2- or 4-suljdionie acid at temprratincs 
below lUO'V separated from mono- or di-sul- 
jihonic acid in the product by removing thi'si^ 
either with nitrous acid as sjiaiingly soluble 
nitroso* comjiouiuls, or with diazotised bases as 
insoluble azo- dyes, ^^'hcn a-na])hthol (5 jds.) 
IS heated with sulphuric ai id (0 jits ) ioi 2 hours 
at 50°, the product consi.sts of the 2 : 4-disul- 
phontc acid mixed with about 5 ji.c. (Conrad and 
Fischer, Annalen, 1803, 273, 105), or about 
30 p.c, (Fnedlander and Taus.sig, Ber. 1807, 30; 
1457), of a-naphthol-2-Hulphonic acid. 'I’hc 
acid is also obtained from a-naphthol-2 : 4 ; 8- 
trisulphonic aeid by i eduction with sodium 
i amalgam (Bayer, 1). K.-P. 255724 ; Eng. P. 
28172 of 101 1). 

ldintijkatiun.—-V]\c pvtassunu salt K^A m 
solution gives witli ieriic eliloride a dec*]) lilue 
colouration, but is not preeii>itated by lead 
acetate or barium chloride, and yields neither 
azo- dyes nor a mtroso- compound (Coniad and 
Fischer, l.c.). 

1 According to Bender (Ber. 1H89, 22, 998), I lie 
product obtamed by beatiuK a-naphtliol with 2 5 
times its weight of suliiburlc aeid at TOO -105“ lor three 
hours, contains in addition to tlie 2 : 4-disulplionlc 
acid about 4.5 p.c. of a second disulphonic acid, having 
a Buiphunic group in eacli mudeus, and some trisiil- 
phonic acid, its composition l)eiug estimated from the 
results obtained (a) by nitration, (ft) by precipitation 
with diazotised xy Udine. 


I Reactions . — By nitric acid it is converted into 
I 2 : 4:-diuitro-a-n<iphthol. On sulphonation with 
I anhydro-acid, it yields a-naphthol-2 : 4 ; I4ri- 
I Hulphnnir and. W'hcn the potassium salt is 
hcatedat 17(P'-180°(CoiiradaiidFischcr,/.c. Ill), 
or the sodium salt, suspended in naphthalene, 
at l,5()°-l(K)° the product is the a-naphthol- 
2-sidptionalc. 

(ii.) a-Naphthol-2 : 5-disulphonic acid is lue- 
jiaied hy heating a-naphthul-5-8ul})honic acid 
with sulphurie aeid or with 20 ]).e. anhydro-acid 
helow' 100 (Bayer, 1), Ji.-P. (58344; Eng. P. 
3307 of 1800). The sodiutn salt which erystal- 
lise.sin ])rismH, muther forms a mtroso- deiivativi' 
with nitious aeid (Baya-r, l.( ) nor e-ou])les with 
diazotised bases (Oatttu luann and Schulze, Ber. 
1807, 30, ,55). 

Riadion. — By dige.stion with (50 p.c. caustic 
soda .solution at 250" it gives I : C) -di hydroxy ■ 
uaph I hid (• nr-2-sid jdi on ic and. 

(ill.) a Naphihol 2 : 7-disulphonic acid occurs 
among tlu' ]>ro(liiets toriiu'd when a-najihtliol is 
heated with siiljihurie aeid at temperatures 
al)ov(“ 100 ' l(»r several houis, and is ])rol)ably the 
ehu'f constit muit. of tlu- mixture of acids obtained 
by sul])honating a-naj)hth(»l with 2-3 times its 
weight of ‘alnuit 03 p.c,’ sulphuric acid 

(M5.5'-t5(5"Bc.’) at 125" 130" for about 2 houis 
(la'onhardt, Eng. P. 11318 of 1887: (J. Fned- 
landcr ami Tausyig, Bei. 180 7 , 30, 14(53).- A 
method loi isolatnm tin* constituents of the 
imxtiiK' has not Ix'cn (h'scnbi'd. It cian also 
b(‘ obt.iimal ** liom a-nu]>h1 liylamine 2 ’ 7-uisul- 
plionic atid by the diazo- reaction {cf Keverdm 
and dc la Jlaipc, Bci 1802, 25, 1405), or from 
a-na,ph( liol 2 . 4 : 7-ti isuljihotijc acid by inter- 
action with sodium anialgaaii (Encdlandcr and 
Lucht, Bci. 1803, 2(5, 3031). 

Jdcntijicotion. - Little la known of the ]jro- 
pertu'S of the jmre acid It forms a soluble 
1 zim .salt ZnA (Fricdlandci and Lncht, l.c.) ; 

I paia-u.:o- dyes by coupling w itli diazotised bases ; 
and a nitio.so- dciivativc wlm h doi'S not give a 
naphthol gieen with non salts (Enedlander and 
17inssig, l.c ). 

(iv.) a-Naphthol-3 . 5 disulphonic acid, a.s an 

mtermci^.ite m the ju’oiluction of 1 : '^-dtcnni no- 
■lUQdithalnu-b-fodphonu acid, has beiui obtained 
by^ heating sodium naphthalene-1 ; 3 : 5-trisul- 
j/honate w^fh eaiistie soda at 140"-150°, hut not 
described (Kallc, i). B.-P. 04075). 

* i'earmg in mind the oonciiisiona reached by 
Beiuler (Ber. 1889, 22, 9<)8 ; ef. Akticngos , I). B.-B, 
4.577(5, Eng. I* 41525 of 1888), and l)y Enedlander 
ami Taussig {I c ), it is piobablc tliat the Patents dealing 
With the prolonged suiplionation of n-naplithol may be 
dnidrd into two groups — 

(0) 'those m wluelv aidiydro-aeul or a relatively 
larg(> ])ropor(ion ot .sul]ihiinc aeid is useil at 100“, or 
at teiniieraturcs b<‘low 100“, leading mainly to tlie 
l>ro(Uietion ot a-]iaphtlu)l-2 4-di- and 2 ; 4 : 7-tri- 
sulplionie aeiml {cf Seltzer, J). B,-P. 2071(5 ; Durand 
and lluguenm, Eng P. 2591 (j)ruv. spec.) of 1883; 
Viguon A Oo , Eng. P. 9808 (prov. epee ) of 1884). 

(ft) 'Those in wldeli a relatively small proportion 
ot suliduinc acid at 100“-180'' is listed leading to the 
prodoction of (r-naphtiiol-2 : 7-disulphonic acid mixed 
with varying proportions of the 4 : 7-di-, and 2:4:7- 
tn-sulphomc acids {cf Badiselic, D. R.-P. 10785: 
Eng. P. 5305 oi 1 879 , lawinstein, Eng. P. 5092 or 
1882 ; Vignon, 1). R.-P. 32291 ; Eng. P. 0872 of 
1884; Leonhardt, Eng. P. 11318 of 1887; Road, 
i Holhdav and Sons, Eng. P. 5103 of 1891). 

I .3 According to Oehler (D. R.-P. 74744), one of the 
I u-naphtholdbmlphonic acids obtainable from u-chloro- 
! najjlitlialenedisulphonic acids may have this constitu- 
tion {cf. p. 420, footnoto). 
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(v.) a-Naphthol'3 : fi-disulphonic acid, ob- 
tained when sodium naphthalcno-1 : 3 : (>*tn- 
siiljihonate is heateii with .W ]>.e. caustic soda 
solution at 170^"- 1 80" ((;!urko and Rudolph, 
i). R.-P, 38281 i P. 157 1 Oof 1885), can be 
prepared from a-riajihth ylamirie-3 : 0-disulphonie 
acid either bv the diazo- reaction (Freund, 
D. 27340 ; Emr. P. 1()(>9 of 1883), > or hy 
heatnif^ its acid sodium salt with Hater under 
pressuie at 180" (Passclla, I). P. Anm. P. 4375), 
or from a-naphtliol-3 ; 0 ; 8-tnHul])honie acid by 
reduction with sodium amalgam in th(“ cold 
(Payer, 1). R.-P. 255721; Eng. 1\ 28172 of 
1011 ). 

I dc till feat ion . — The nr id. hurt nut salt 
RalEAy IS sjianngly soluble; th(‘ uetd nodinui 
salt Nall A dissolves readily iii water or alcohol 
and gives with feme chloride a blue eolouia- 
tion (FriedlaiKh'r and Taussig, Her. 1897, 30, 
1402). 

Rrar holts . — It couples with diazotised bases 
furnishing ortho-«;:o- dyes. When heated with 
ammonia at KiO", it is converted into 2-<iuiiuo-4- 
'ti(iphlhol-7-,\i(l/)Itontc and mi.ved Hith 1:3- 
diauiuumaphllialriK 4]-siilj)hoin< and or with 
aniline at 100 ’ into Wio dtjdinuil deu\ative ol the 
latter. 

(vi.) a-Naphthol 3 : 7-disulphonic acid can be 
prepared from a-naphthylamme-3 : 7-di.sulphome 
acid, (‘it'lier by tin; di<iz{)- riMction (Pieuiid, 
J). U.-P. 27340', Eng. P. lOOtt of 1883), i oi by 
lu'ating its acid sodium salt with Mati'r umlm 
pressure at 180" (t'assella, 1>. P. Anm. (J. 50(59) ; 
or from a-nai)}ithol-3 : 5 . 7'trisulphonie acid by 
boiling with 7ane-(hist and dilute caustic soda 
solution (Kaiie, D. R.-P. 2:13934). 

Rmolums. — Oi its projau’ties or salts little 
is known, but it coujiles nith diazotised bases 
(Freund, /.r.). When heated with ammonia 
at loth’, it yields 2-aiftino-4:-ua]dilhol ii-.snl/tho'UK 
and mixi'd witii I : li-diaiuutoiuijthlhalnir-l- 
sulphotur and or with aniline at 100" the diphniyl 
derivative of the latter. 

(vii.) a-Naphthol-3 : 8-dlsulphonic acid (a- 
na‘phlh.ol\e-\dif<ulplioniC and) is prepared Irom 
a-naphthylamine-3 ; 8-disul])lionie acid either 
by heating its acid sodium salt nith water umler 
pressure at 180" (Hoehst, 1). R -P. 7144)4; 
Eng. P. 14:101 of 1892), or by boding a soliTtion 
of its diazo- compound with dilute (0 }).c.) 

sulphuric acid ^ (Aktienges., JL R.-]\ 4f)770 ; 
Eng. P. 4(525 of 1888 ; Hcrntlhsen, Tier* 1880, 
22, 3330). 

Idcntijicalion. — The -lodraw salt Na^A-pOHjO 
forms long prisms soluble in about 6'5 parti of 
cold water, gives with ferric chloridi? a dec]) blue 
colouration, and yields, not a najihthol yellow, 
but oxidation products with nitric acid 
(Aktienges., l.c. ; Rernthsen, l.c.). 

Reacthoufi . — It cou]iles wuth diflzotised bases 
forming ortho-aso- dyes. Ry digestion with 
60 p.c. caustic soda solution, at 170"-210“ it 
forms 1:8- dihydroxy rmphthnlen^ - 3 - sulphomc 
acid. On reduction with sodium amalgam it 
yields a-napht/wl-3-sulpJionic acid. When 

^ In this Patent the product is considered to bo a 
/S-naphtholdisuIphonio acid solely on account of the 
fastness to acids shown by the derived azo- dyes, now 
known to be ortho-azo- dyes of the a-series (Cassella, i.e.). 

* If the boiliig be stopped directly nitrogen ceases 
to be evolved, tlie solution will contain the peri- 
anhydride (suitone), which by continued boiling 
furnishes the naplitholdlsulphonic acid (Bernthsen, l.c.). 


heated with ammonia at 160"- 180" it is converted 
into i : 3-diaminomi'phthalene-i^>-sidp}iontc acid 
or with aniline and aniline hydrochlorulo at 
15(T'-170° into tho diphenyl deiivative of this 
acid. 

Naphthasuitone -3 -sulphonic acid 
{mphlhasulfoiwmlphonir acid-e ; [^-ji^aphllioldi- 
1 C ar/<f), obtained from the 3 . S-disul phonic 
acid by dehydration with sulphuric acid at 100", 
or ])hosphoric o.xide or jihospliorus jicntachloiidc 
(Radischc, 1). Hi.-P. 55094), forms ri'adily soluble 
silky needles ; the Mrium salt sjianngly soluble 
long needles ; tlie sodium salt NaA-p3H.3) long 
needles soluble in about 951 ])artH of eold walor. 
It gives no colouration with ferric chloride, and 
IS leadily convertible into a-naphlhol-'i . 8- 
disulphanu and. by nimeral acids or by alkalis 
(Evvi'r and Pick, 1). R.-P. 52724 ; Radischc, l.c. ; 
Rernth.sim, l.c ). 

tt - N a p li t h (t 1-8-su Iph onam i dc-3-suli)h- 
onic acid ([e-) or \l^-\iiaplilholsHlphamulvsul]ih- 
oiiic and), OH prepared 

bv action of ammonia on the suHonc, forms 
neialles, and like (he bat mm salt RaA,^-f5H 3), 
and sadmm .«alt NaA-plRO, needles, is moder- 
ately soluble; the sodium amtuomutn salt 
Nal'NHjA-f-lRO (311,0 in D. K-P. 5:T9:14) 
forms very soluble small firisiiis. When boiled 
with ililuli' acids it ri'gmieiates a-naphlhol- 
3 . ^-d isuljthoiiic a< id ( Hadische, 1). R.-J'. 53934 ; 
Bmnthsen, l.c.). With diazotised bases it 
couples foiniing ortho-r/co- dyi's, wliich when 
boih'd for a shoit time with alkali hydroxides 
or carbonates are converted into pen -anhydrides 

<^^^**')x('j^IT,j(SO_,H)-N_,-R, tlie colour changing 

from l)luish-red to yellow (Rernthsen, Jfer. 1890, 
23, 3094). , 

(viii.) a-Naphthol-4 : (5-disulphonic acid can 
b(‘ prepanal fioni a-naj)hthylamme-4 : (5-disul- 
phoiiic acid cithc'r by the diazo- leaetion (J)ahl, 
1). R.-Jk 41957) OI by the bisulphite methoil 
(Ruch«rei, ,1. pr. Cheni. J904, (ii.l 70, 347 ; 
V. ]). 41(5); or by .suliihonatirig aa'-dmaphthyl 
caibonate with 5 tunes its weight of 20 p.c. 
anhydio-acid at l()"-20", heating the result- 
ing tctrasu!])ho-aa'-dino(^>hthyl carbonates with 
tblutc acid at (50" -70" to eliininatu carbon dioxide 
and .scjiarating the less solulile 4 : 7-disulphonic 
acid by salting out fioni the more soluble 4 : (5- 

isomendc (Hoehst, 1). R.-P. 80888; Eng. P. 

14134 of 1894). 

Reacdons. — Jt yields azo- dyes when coupled 
with diazotised bases, and a iiaphlhol yellow when 
boiled with nitric acid (J)ahl, l.c.). 

(IX.) a-Naphthol-4 : 7-disulphonic acid occurs 
m varying amounts in tlic products obtained 
the su'ljihonation of a-naphthol under conditions 
which lead also to th<‘ formation of the 2:7- 
disuljihonic acid (i/.r. ; cf. Friediander and 
Taussig, Rer. 1897, 30, 14(53). It can be pre- 
pared from a-napbthylamme-4 : 7-disulphonie 
acid cither by tho diazo- reaction (Dahl, J). li.-P. 
41957), or by the bisulphite method (Rucherer, 
d. ])r. ('hem. 1904, [ii.] 7(h 347 ; v, p. 416) ; or 
from a-chloronaphthalene-4 ; 7-disulphonic acid 
by digestion with 30 i).c. caustic soda solution 
at 200"-210" (Oehler, 1). R.-P. 74744) ; or by 
eliminating carbon dioxide either from the 
tetrasulphonation product from aa'-dinaphthyl 
carbonate {v. 4 : b-disulphonic acid ; Hoehst, 
D. R.-P. 80888 ; Eng. P 14134 of 1894), or from 
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2 - oarboxy -a * naphthol -4:7- disulphonic acid 
(FriedJiinder and^ Taussig, i.c., 1460 ; cf. Seidler, 
D. R.-P. 56328) by boiling with dilute acid. 

lde7Uification. — The barium salt RaA-f4H20 
and sodium salt Na2A-|-41IoO are' crystalline. 
The sodium salt in solution gives with ferric 
chloride a^blue colouration (Oehler, Z.c.). 

Reaciioris. — Ortho-a^o- dyes arc obtained by 
coupling it with diazotised bases. Nitrous acid 
reacts with it forming a very soluble nitroso- 
oompound. Nitric acid converts it, and also the 
nitroso- compound, into 2 ti-dinitro-a-nuphlhol- 
l-s-ulphonic acid. By the bisulphit-o method, ' 
a-uaphthylarmneA : ^ -disulphonic acid is ob- 
tained. When boiled with 65 ji.e. sulphuric acid 
or with hydrochloric acid it yields a-naphlhul-T - 
sulphonic acid. 

(x.) a-Naphthol-4 ; 8-disuIphonic acid {a- 

miphtholdisuljdionic and S ; a-na]dilhol-[h-]di- 
sulphonic acid), obtained when naphthasiilionc 
(so-called a-iiajihthol&ulphonic acid 8 of T). R.-P. 
40571) is heated with sulphuric acid at 80°-90° 
until soluble in water (Sehollkopf, 1). R.-P. 
40571; Eng. P. 15775 of 1885; Bernthsen, 
Ber. 1800, 23, 3000), is also formed from a- 
naphthylamine-4 ; 8-di8ulphonic acid either by 
boiling a solution of its diazo- coni])ound with 
dilute (6 p.c.) sulphifric acid (Sehollkopf, l.c. ; 
cf, Paul, Z. aiigew. Chem. 1806, 0, 56 J ), oi by tln^ 
bisulphite method (Bucherer, J. pr. CL«‘m. 1004, 
[ii.] 09, 80 ; r. p. 416), 

Idcntijicaiiou. — 4’he harmm salt is sparingly 
soluble ; the sodium salt NajA-f ILO forms very 
soluble scales (Aktieuges., f). R.-P. 45776 ; 
Eng. P. 4625 of 1888) and with ferric; chloride 
gives a deep blue colouration (Bernthsen, l.c.). 

Jieactious. — It couples with diazoti.sed bases 
^forming ortho-azo- dyes. Nitrous acid reacts 
with it forming the ^-ultroKo- derivative (Dresscl 
and Kothe, Bor. 1804, 27, 2145). Nitric acid 
converts it, and also th<; nitrosce (lerivative, into 
2 ; 4:-dinitro-a-7iaphthol’H-sulphomc acid. By the 
bisulphite reaction it yields a-tinphthyk^iume- 

4 : S-dimlphonic acid. On dehydration it gives 
luiphlhasultoncA -sulphonic and, but when sul- 
phonated with 25 p.c. anhydro-acid below JOO", 
a-naphthol-2 : 4 : H-insut-phoutc and is the pro- 
duct. Fusion with caustic soda at 250*^ converts 
it into 1:8- dihydroxi/nophthalcnc - 4 - sulphonic 
acid. 

Naphthasultoii e-4-s ulplipnic acid 
(naphthasultoncsulphonic acid-h), obtained from 
the 4 : S-disulphonic acid by dehydration with 

5 p.c. anhydro-acid in the cold, forms an easily 
soluble barium salt. The sodium salt (-f-OH./)), 
in moderately soluble scales, is converted readily 
i!ito the a-TUiphthol-i : H-disulphountc by alkalis 
or alkali carbonates in the cold, or inti* the acid 
by boiling with 5 p.c. sulphuric acid, or prolonged 
boiling with water. It gives neither a coloura- 
tion with ferric chloride nor azo- dyes with 
diazotised bases (Bernthsen, l.c. ; Badische, 
D. R.-P. 57388). 

a-Naphthol-8-8ulphonamide-4-8ulph- 
onic acid ([S-jacid) is precipitated by hydro- 
chloric acid from a solution of the sultonesul- 
phonate in ammonia as the crystalline sodium 
salt OH-CioH,(S02NH2)-S03Na+2H20 which 
separates in rhomb-like scales and regenerates 
the sultone or a-naphthol-i : S-disulphonic acid 
when boiled with dilute acids (Badische, D. R.-P. 
67866; Bernthsen, Lc.). It couples with diazo- 


tised bases forming ortho-azo- dyes which closely 
resemble those obtained from the S-sulphon- 
amide-3-sulphonic acid {ct Badische, D. R.-P. 
60777, 64065; Geigy, D. R.-P. 139287). 

(xi.) a-Naphthoi 5 : 7-disuIphonIc acid has 
not been desen bed, but is mentioned in connexion 
with the bisulphite reaction as producible from 
and convertible into a-naphihijlamine -5 : 1 -di- 
sulphonic acid (Barhsche, 1). R.-P. 115335, 
117471 ; Eng. P. 1387 of 1900). 

(xii.) a-Naphthol-.5 : 8-disulphonic acid, which 
IS obtained from a-naphthylaminc-6 : S-disul- 
phonic acid by tlie diazo- reaction, the sullone 
lirst formed being converted by alkali into the 
naphtholdisulphonie acid (Bayer, 1 ). R.-P. 70857), 
regenerates the ammo- acid by the bisulphite 
reaction (Badische, Ik R.-P. J 17471; Eng.- P. 
1387 of 1900). 

N a p h t h a 8 11 H o n e-S-s u 1 p h o n i c acid 
forms a sodium salt NaA-j-iHalj m moderately 
soluble needles (Gattermann, Ber. 1 899, 32, 1 1 58), 
and, like the disuljihomc acid, when digested 
with 49 p.c. caustic soda solution under pressure 
at 170"-200'’ yields 1 : S-dihydroxynaphfhalene- 
4-sulphonic acid (Bayer, 1). R.-P. 80667 ; Eng. P. 
1227 of 1894). 

(xiii.) a-NaphthoI-6 : 8-disulphonic acid has 
been prepared from a-naphtliylamine-6 ; 8-disul- 
phonie acid either by the diazo- reaction, the 
sultone first formed being converted into the 
napbtboldisuliihoiiic acid by alkali (Bayer, 
I). R.-P. 75084) or by the bisuljihite reaction 
(Bucherer, .1. ])r. Chem. 1904, [ii.] 70, 347). It 
IS also formed wlien a-na})hthylaniine-4 ; 6 : 8- 
trisulphonic acid (Kalle, J). IC j\ 82563), or 
a-naphthol-4 : 6 : 8-tri8ul])honic acid (Kalle, I). 

Anm. K. J 1.397) is heated with dilute (3 p.c.) 
acid at l80"-200“. The acid .sodium salt forms 
easily soluble short lU'cdles, and with ferric 
chloride gives a fleeting green colouration. 

Reactions. — It cou])les with diazotised bases 
forming azo- dyes. With nitrous acid, it yields 
a nitroso- derivative wliicb is not convertible 
into a naphthol yellow by nitric acid (Kalle, l.c.). 
By the bisulphite metliod it is converted into 
a- naphthylamine-Ci : S-disulphonic acid. When 
digested with 50 p.c. caustic soda solution at 
170'^-210“, it gives 1 : S-dihydroxynaphlhalme-'i- 
sulphonic acid. 

The corresponding najihthasultone-fi-sul- 
phonicand a-naphthol-8-suJphonamide-6- 
sulphrnic acids have not been fully character- 
‘ised (Bayer, l.c.). 

** a-NAPHTHOLTRlSULPHONlO AciDS. 

(i.) a Naphthol-2 ; 4 : 7-trisulphonic acid is the 
chief product of the sulphonation of a-naphthol 
cither with 25 p.c. anhydro- acid at 100®-! 10” 
fir with 45 ^).c. anhydro- acid at 40°-50° 
(Badische, D. R.-P. 10785; Eng. P. 6305 of 
1879),^ and can bo isolated by means of the 
characteristic barium salt (Friedlander and 
Taussig, Ber. 1897, 30, 1463). It is also ob- 
tained when diazotised a-naphthylamme-2 ; 4 : 7- 
trisulphonic acid is boiled with acidified water 
(cf. Hochst, D. R.-P. 22645 ; Eng. P. 2178 of 

^ The acid formed by heating n-naphthol with 
three times Its weight of sulphuric acid at 
for twelve to fifteen hours (Badische, l.c.), and serving 
as a source of naphthol yellow 8 (vfi 2: 4-dinitro-a- 
naphthol-7-8ulphonic acid), would probably contain a 
large proportion of the 2 : 7- and 4 : 7-dlsulphonic 
acids (qf. p. 470, footnote 2). 
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1882), or when a-ohloronaphthalene-2 : 4 : 7-tri- 
sulphonio acid is heated with 12 p.c. caustic soda 
solution under pressure at 150° (Oohler, D. R.-P. 
77096). 

Identification. — Tlie&anwmsalfc BagAg-f 
in glistening minute crystals, is almost insoluble 
when once separated from water ; the other 
salts are easily soluble (Friedlander and Taussig, 
I.C.). The sodium salt gives a blue colouration 
with ferric chloride, but yields neither azo- dyes 
nor a nitroso- compoun(i. 

Reactions . — Nitric acid converts it into 

2 : 4:-dinilro-a-wiphthol-l-'iul]>homc acid. On 
fusion with caustic alkali, it yields lil-dihy- 
droxynaphihnlcn&hmiphonic acid. By desul- 
phonation with sodium amalgam in the cold 
it gives a-mphthol-2 il-disulphonic acid, but 
when heated with hydrochloric acid or (>6 p.c. 
sulphuric acid, a-naphthol-l-sulphonic acid is the 
product. 

(ii.) a-Naphthol-2 : 4 ; 8-trisulphonic acid has 

been prepared by sulphoiiating a-naphthol- 
4 : H-disulphonic acid or its sultone with 25 p.c. 
anhydro- acid below 100° (Bayer, D. Anm. F. 
4r)()9 ; Eng. P. ,4367 of 1890 ; Orcsscl andKothc, 
Ber. IS94, 27, 2143). 

Identification — The sodium salt (-fipT.,0) 
is a readily soluble crystalline powder, shows 
green lluorescence in solution, gives with ferric 
chloride a blue colouration, and does not couph^ 
with diazotiscd bases (Dri'sscl aiid Kotbe, l.c.). 

Reactions . — With iiitro-suljihuric acid at 20° 
it gives 2 : A-dirutro-a-naj)hthol-ii-sulphonic acid. 
On dcsulphonation with sodium amalgam in the 
cold, it yields a-nctphttwl-2 : 4-disulphonic acid. 
By fusion with caustic soda at 210° it is converted 
into 1 : fi-dihydroxy'fuiphthaIcnr-2 : 4:-dtsulphotiic 
acid. 

(iii.) a-Naphthol-3 : 5 : 7-trisulphonic acid can 
be obtained either from naphthalene- 1 : 3 : 5 : 7- 
tetrasul])honic acid by digestion with 15 p.c. 
caustic soda solution under pressure at 180° 
(Bayer, B. H.-P. 79054 ; Eng. P. 2.5074 of 1893), 
or from a-naphthyla mine-3 : 5 : 7-trisulphonic 
acid by the diazo- reaction (Kalle, B. P. Anm. K. 
127,32). 

Reactions . — In neutral^ or alkaline solution it 
combines with tetrazo- derivatives of •the 
diphenyl scries forming salts (Bayer, 1). R.-P. 
92169 ; Eng. P. 8995 of 1895). BoilM with zinc- 
dust and dilute caustic soda solution, it gives 
a-naplithol-'i ; 1-disulphonic acid. Whei)|heated 
with ammonia at 160°-- 180° it is converted into* 
1 : 3-diamino7ia])hthxiIr.?ie-5 : 1 -disulphonic acid. 
By digestion with 50 p.c. caustic soda solution 
at 150°-160°, it yields 1 . ^-dihydroxyiuiphlhalcne- 

3 : 1 -disulphonic acid but with 60 p.c. solution 
at 200°, a mixture of this acid with 1 : 3-</'i- 
hydroxynaphthalene-5 : 1-disulphonic acid. 

(iv.) a-Naphthol-3 : 6 : 8-trisu(t)honic acid is 
formed from a-naphthylamine-3 : 6 ; S-trisul- 
phonic acid either by the diazo- reaction, the 
sultone being an intermediate product (Koch, 
B. R.-P. 560.58; Eng. P. 9258 of 1890), or by 
heating it with water under pressure at 180°- 
250° (Hochst, B. R.-P. 71495; Eng. P. 14301 of 
1892). 

Reactions . — Tt couples with diazotised bases 
forming azo- dyes. On desulphonation by so- 
dium amalgafn in the cold, it gives a-naphthol- 
3 : Q-disulphonic acid. When heated with am- 
monia at 160° “180° it is converted into 1 : 3- 
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diaminonaphthakiie-Q : ^-disulphonic acid or with 
aniline at 150°-170° into the dijfienyl derivative 
of this acid. By digestion with 60 p.c. caustic 
soda solution at 170°-220° it yields 1 : H-dihy- 
droxy naphthalene-^ : G-disulphonic acid (chromo- 
trope acid). 

Its sultone gives yellow solut^^ms with 
alkalis. Dissolved in ammonia, the sodium 
sultonesulphonate when mixed with hydrochloric 
acid jnelds sodium a-naphthol-H-sulphon- 
amid o-3 : 6-d i s ii 1 p hi » n a t c (Koch, l.c.; B ochst, 
B. H,-P. 69518), whiWi cinijilcs with diazotiscil 
bases forming azo- dyes. 

(v.) a-Naphthol-4 : 6 : 8-trlsulphonic acid has 
been obtained from a-naplitbylamme-4 : 6 : 8- 
trisulphonic acid either by the diazo- reaction, 
the sultone formed being dissolved in alkali 
(Bayer, B. P. Anm, F. 7006 ; cf. B. R.-P. 
80741; Eng. P. l/lllc of 1893), or l»y the 
bisuljihite method (Biicherer, J. pr. Chem. 1904, 
[ii. | 70, 347 ; v. p. 416). 

Reactions. — By hydrolysis v ith 3 p.c. hydro- 
chloric acid at l()0°-20()°, it yields a-naphthol- 
a : H-disulphonic aiul. Bigesiion with 70 p.c. 
caustic soda solution at 170°-190° converts it 
into 1 : '6-dihydrox^Jnaphtha^f'ne-'^ : ^-disulphonic 
acid. 

Its sultone is easily soluble, forming colour- 
less nun-fluoreseent solutions which with alkalis 
become deep yellow ; the corresponding a- 
naphthol-H-sul pho n a m i d c-4 : 6 -disu 1- 
phonic acid couples with diazotised bases 
giving ortho-a^o- dyes. 

ClILORO-a-NAlMITllOLS. 

Introductory. — By chlorination a-naphthol 
gives rise only to homoniicleal derivatives. When, 
the operation is earned out by jiassing chlorine 
into a cooled acetic acid solution of the najilithol, 
substitution ikhujis v ith the production of 2 : 4- 
dichloro-a-naphthol (Clove, Ber. 1888, 21, 891), 
follow#d by the formation of the additive com- 
pounds trichloro-a-hcfo- and penfachloro-a-keto- 
luiphthalene (Zmeke and Kegel, Ber. 1888, 21, • 
10.30). 

4-Chloro-a-naplithol •can bo obtained by 
chlorinating either a-naphthyl carbonate 

(Reverdiii and KaufTmann, Ber. 1895, 28, 
3051), or a-napbtbyl tolucnc-p-sulphonate in 
carbon tetrachloride solution (Aktienges., B. R.-P. 
240038). It can also be prepared from a-naph- 
thol by employing sulphury! chloride as the 
chlorinating agent (Kast, Ber. 1911, 44, 1337 ; 
Hochst, 1), P. Anm. F. 29600) ; hut when the 
naphthol, dissolved in alkali, is chlorinated by 
hypochlorous acid (Kalle, 1). R.-P. 167458) 
product is not pure {cf. King, Chem. Soc. Proc. 
1911, 27, 266). It sublimes in long needles, 
m.p. 117°-118°, dissolves readily in alcohol or 
benzene, gives a blue precipitate with ferric 
chloride and couples with diazotised bases. 

Chloro-a-naphtholsulphonic acids. — 
Four, namely, the 6- and 1-chloro-a-naphlhol-S- 
sulphonic acids, the H-chloro-a-naphthol-^ : 6- and 
the S-chloro-a-naphthol-3 : (i-disulpkonic adds, 
formed from the corresponding aminonaphthol- 
mono- and di-sulphonic acids by the Sandmeyer 
reaction, have been used for coupling with 
diazotised dehydrothiotoluidine in the produc- 
tion of oriAo-azo- dyes (Bayer, B. R.-P. 96768 ; 
Eng. P. 9441 of 1894). 
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8-Chloro - a - naphthol -3:6- disulphonic acid, 

obtained also Iw heating 8-chloro-a-no.phtiTyl- 
amine-3 ; (i-disurphonio acid with dilute sul- 
phuric acid under jiresRun' (Badiw'he, 1). R.-P. 
147852), in a crystalline, deliquescent substance. 
Its nnd barium salt, RaPl 2 A.-f 6H^O, crystallises 
in needle.s ; and poiasfavm salt, in scales; and 
and sodihn salt, in needles. J'he nonnal .salts 
dissolve easily, yielding non -fluorescent soliitioiis, 
which with ferric chloride give a dark green 
colouration (Cassella, I). R -J» 70055; Mng. R. 
1920 of 1894). ('onipaied with the azo- \lyes 
from a-naphi hol-3 • (i (lisnljilumie acid, those' 
from this yim-chloro- acid aie much bluer in 
shade and of enhanced lastness (Cassidla, /.c. • 
iX K.-R. 82285 ; 99227). 

NjTin ISO -a-N A eiiT J I ( ms. 

(e. NfijdiHiaqmnoheo.) ntics.) 

NiTRO-a-NATMITHOLS. 

In! rod actor tj. -Nitjo-a-najilithols arc ob- 

tained, not from a-naiihthol by direct nitiation, 
as the yield is unsatisfactoiy oAviiig to the pro- 
duction of tars, but from naphtholsidjihonie 
acids, nitrosoiiaphthols, or nitrosoiia]>hthol- 
Hulphonic acids, ('oiitaining the nitro.so- gioup, 
or at least otic suljikouic grimp, in the sunu* 
nucleus as the hydroxyl radich*. An alterna- 
tiv(‘ method from a-cldoionitronajihthaleiK's is 
known, and, although it has no tcclimcal im I 
portance, lout iiitro-a-najihthols liiwe Ix^en ])ie- 
pared by its aid, viz. the 4-mono-, the 2 . 4-di-, 
and the 2:4:5- and 2.4 8-tiinitro-a-naph- 
thoLs, each of which, save th(‘ last, regema-ati's 
the eorresjionding a-clilojonitioiiaphthalene by 
interaction with 1olucnc-yj-sulplion\l chloride 
and diethylamlmc [cj. Rindl, ('hem. '.Soe. Trans. 
*1913, 103, 1911). 

d’he nitio-a-naphthols containing a nitro- 
groiip m the oilho- jiosiiion lelatively to the 
hydroxyl radicle dye w'ool and .silk nv vaiious 
sliades of yi'llowx ,, 

(i.) 2-Nitro-a-naphthoI is obtained by boiling 
acetvI-2-nit ro-a-na 2 )hth\ laimne with aqueous 
caustic soda (liiebermanii and Dittler, Aiinahm, 
1876, 183, 246 ; Lellmann and Itciny, Rcr. 
1886, 19, 802), or by hydiolysing 2-‘mtro-a- 
ethoxynaphthalene-4-sulfdionic acid (Witt and 
ISchneidi'i, Her. 1901, 34, 3189); or, together 
with 2 ; 4-dinitro-a-naphthol, by boiling a-<liazo- 
iiaphthak'rie sulphate with nitric acid in mol. 
pro]). (Noelting and Wild, Her. 1885, 18, 1339) ; 
or, better, by siisjieiiding 2-iiitroso-a-naj)hthol 
(5 g.) in w’ater (60 c.c.), adding nitne acid of 
sp.gr. 1 -3 (45 c.c.) in the cold, and, after 15 hours, 
diptilling the |)roduet with steam ((Irandmoiigin 
and Michel, Her. 1892, 25, 973). 

Propc/iics , — It crystallises in greenish -yellow 
scales, ra.ii. 128°, di.ssolves spaiingly in dilute 
alcohol, but less readily in water, and resembles 
o-mtrophenol in being volatile with steam and 
in forming dark red salts. Its aedate forms 
bright-yellow needles, m.p. 118° ((Trandmongm 
and Michel, l.c.), and cthijl dher, bright yellow' 
needles, m.p. 84‘ (Heermann, J. pr, (lieni. 1891, 
[li.] 44, 240). 

(ii.) 4-Nitro-a-naphthol {French qellov' ; Cam- 
pohdlo ydloia ; Chry.'icic and) can bo prepared 
by boiUng acetyl-4-nitro-a-naphtliylamine with 
aqueous caustic soda (Andretuii and Biedermann, 
Ber. 1873, 6, 343 ; cf. Lellmann and Remy, 


Ber. 1886, 19, 796) ; and is formed wdien bi8-4- 
nitro-a naphthyl carbonate, m.p. 212°, is heated 
with alcoholic fiotash (Revcrdin and Kauffmann, 
Ber. 1895, 28, 3050); or when 4-nitro-a-chloro- 
naphthalene is heated with aqueous sodium 
carbomite under pressure at 150°-155° (Gries- 
heirn, I). R.-R. 117731 ; Ping. R. 7092 of 1900). 

Frojtcrtn a . — It crystallises from hot water m 
golden -yellow^ needles, m.p. 164°, is readily 
soluble ill aleobol or acetic acid, and, like p- 
nitro])heno], does not volatilise with steam. 
The salts ( Hiedeiniarin, Ber. 1873, 6, 1118) are 
orange-red to dark-red in colour, and dissolve 
readily iii water ; tlic soduim salt NaA-j- 2 H 20 , 
carimnc-ivd needles, was formerly used as a 
yellow dye for silk or wool. The methyl dher, 
m p. 85 -86° (Giieshenn, l.c ), and ethyl dher, 
needles, m.]). 1]6°-II7° (ITccnnann, l.c.; 

Witt and .Sciineidei, l.c.) have been described. 
On miration it yiclils 2 : i-dinitro-a-naphthol. 

(in.) 5-Nitro a naphthol, obtained from 5- 
nitro-a-naphtbylamme siil])hatc by the diazo- 
reaction, siqiarates from hot water in dark- 
yellow' crystals, m.p. 16.5' , gives an acetate, 
iiccdlc.s, m p. fid", and bcnziHib, needles, m.j). 
109"; coiijilcs with diazotised bases; and with 
nitrous acid yields 5-n itro-4-)n1 roso-a-naphthol 
(Kaufler and Ibuucr, Her. 1907, 40, 3271). 

DiniTRO-a-NACUTnOLS. 

(i.) 2 : 4-Dinitro-a-naphthol {Hlarlnih yellow, 
Mancheder yilknc, Faphlhalnn ydlow, Naphthol 
ydloir) IS obtained hy the action of nitric acid on 
a-najihthol (Dale, Oaio and Maitius. ling. R. 
2785 of 1864: jMaitius, Zeitsch. Rhem. 1868, |ii.] 
4. 80), 2-nitroso- or l-iiitroso-a-najilithol (PTichs, 
Bor. 1875, 8, 629), 2-nitro- or 4-nitro-a-naph- 
thol (Liebermann and DitlUw, Annalcii, 1876, 
183, 249), and on a-na])htbob2-Hiili)hoiiic acid 
(Darnistadter and Wichelhau.s, ling. R. 89 of 
1869; Aniialen, 1869, 152, 299), a-na])hthol-4- 
sul])honic acid (Rleve, P'oihandl. 1876, 7, 40), 
a-mi])hthol-2 : 4-disul])honic acid (Bender, Ber. 
1889, 22, 99()); or (but mi.xed w'ltli 2-mtro- and 
4-intro-a-naphthor) a-ethoxyna])bthalcnc-4-sul- 
phomc acid (Witt and {Schneider, Ber. 1901, 
34, 3186), It is also formed when a-najAithyl- 
aniinfe is heated w ith concent rated nitric acid 
(Ballo, B(‘r. ♦^870, 3. 288) ; or w hen a cetyl- 2 : 4- 
cUnitro-a-iiajihthylainine is boiled with aqueous 
caustic ,;ioda (Liebermann and Plamrnerschlag, 
‘Annalen, 1876, 183, 273) ; or when nitrous fumes 
are led into an ethereal solution of a-naphthol 
at Oi (iSehmidt, Ber. 1900, 23, 3245). 

Prcpuialton . — Either a-naphthol-2 : 4-di8ul- 
phonic acid, made by suljihoiiating a-naphthol 
with twice its weight of siilphiiiie acid below 50°, 
IS heated with dilute mtrie acid at 100°, or the 
two a<na])htlh)imonosulphonic acids, formed 
when a-naphthol is sulphonatod under {Schaffer’s 
conditions, are converted into their nitroso- 
derivatives by interaction with sodium nitrite 
and sul])hurie acid in the cold, and the mixed 
jiroduct IS then warmed with nitric acid (r/. 
Bender, l.c. footnote). 

Properties, — It crystallises from alcohol in 
citron-yellow needles, m.p. 138°, does not 
volatilise with steam, is almost insoluble in 
water, and dissolves only sparingly in alcohol, 
ether, or benzene. It is sufficiently acidic 
to expel carbon dioxide from carbonates, and 
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it forms soluble, orange-coloured salts (Martius, 
lx. ; for salts with organic bases c/. Norton 
and Lowcnstein, J. Arner. C^heni. Soc. 1897, 
19, 923 ; Korczyilski, Her. 19(M), 42, 174). 
The sodium salt NaA-j-lLO, ammomum salt 
NH^A+HoO, and calcvum salt (>aA^-f (JILO, 
crystallise jn needles (Mart/ius, lx.), and were 
used formerly as golden-yellow dyes for silk and 
wool. Dinitro-a-naphthol, hoAA^ever, has little 
afliiiity for the fibre, being removed from it 
either by volatilisation or by washinf^. 

JYwr/irw.s.— Nitration in the i<resence of 
much suljihnric acid at ti'inperatures Ix'low 
converts it into a mixture of 2:4: rj-lnitilro- 
with 2:4:7 -Iriniiro-a - naphthol. Prolonged 
boiling witli concentrated nitric acid oxidises it 
to jihfhalx and ojialir acids (Martins, l.c.). By 
digestion with alcoholic ammonia, at 19U"--2()(P 
it yields 2 : 4:-ditii(n)-a-n((phthi/l(imruc. Wliini 
heated with potassium cyanidt' in hot alcoliolic 
solution, naphUii/ipnrjiiii i( acid is formed 
(Sommaruga, Annalen, IS? I, 157, 328), and with 
toluene-p-sulphonyl chlorKh' and dii'thylaiiilinc 
4 -chloro -1:3 - dnuhaita/ihfJtaJi nc is obtained 
(Ullmaiin and Bruck, Bm'. 1908, 41, 3932. 

(li.) 4 : 5-Dinitro-a-naphthol, foinu'd wlnni 5- 
nitro-4-nitioso-a-naphthol is oxidised by alkaline 
potassium forricyanule solution, er^stallisi's in 
yellow needles, m.|) 230' , (lissohesonly sjiaiingly 
111 waitei, and has only leeble dy<“ing j>i ojxu ties 
(Friedlandei, Bei. 18!i9, 32, 3529). 'I'he ntclhi/l 
(dher, m.p 210", and (tlii/l ether, scab's, m p. 
182'’, have been deseiibed (Ullmann ami Con- 
sonno, B('r. 1902, 35, 2808). 

(ill ) 4 : 8-Dinitro-a-naphthol, obtained simi- 
larly from 8-nitio-4-mtroso-a-naphf.hol, has m.p. 
135°, but otherwisi' resemble.s the 4:5- deiiva- 
tive in properties ( hh’K'dhuider, l.c.). 

TniNITRO-a-NArilTUOLS. 

(i.)2 : 4 ; 5-Trinitro-a-naphthol{Ah/p/i///op<an- 
acid) IS forniod v\ hen 5-niti o-4-nitro.so-a-na])hthol 
IS warmed with dilute nitric acid ((Iraebe, Ber. 
1899, 32, 2878, (riaebe and Oeser, Annalen, 
1904, 335, 147 ; Pnedlamh'r and »Scher/.er, cf. J. 
Soc. Chem. hid. 1900, P), 339) ; or, niixetl with 
the 2 : 4 : 7-trinitio- deiivative, wlu'n ^ : 4- 
diintro-a-naphthol is nitrated in the cold with 
nitrosulphuiie acid (Kehrmann aij^l Haberkant, 
Ber. 1898, 31, 2421 ; (f. Diehl and Merz, Ber. 
1878, 11, 1002). 

Properties . — It forms needles, m.p. ft)0°, and , 
its potassium salt KA-{-kl2^b needles, easily 
soluble in hot, but fuily 8paringl3^ so in cold water 
(Kehrmann and Stemer, liei. 1900, 33, 3281). 
it is a strong acid, dyes wool yellow, yields 
^-nitrophtkalic acid on oxidation, and gives 4- 
chloro-l : 3 : H-trinilrouaphthalcnc when heated 
with toluene-p-sulphon^d chloride and diethyl- 
amline( Hindi, ('hem. Soc. Trans. 1913, 103,1914). 

(11.) 2:4: 7 Trlnitro-a-naphthol rs the more 
soluble product obtained wFien 2 : 4-dinitro-a- 
naphthoi is nitrated in the cold with mtro- 
sulphurie acid (Kehnnaiin and Haberkant, l.c.), 
and is freed from the 2:4:5- compound by con- 
version into the sparingly soluble sodium salt 
(Kohrmaiin and Steiner, Ber. 1900, 33, 3280). 

Properties. — It forms yellow’^ needles, m.p. 
146°, but, fjjpm benzene or acetic acid, jJrisms 
containing solvent which effloresce in the air. 
On oxidation it yields 4-nitrophthalic acid 


(Kehrmann and Haberkant, l.c.). The potas- 
sium salt is easily, but the sodium salt, yellow 
needles, only sparingly soluble in water. 

(iii.) 2:4: 8-TrInitrO-a-naphthol, obtained by 
mixing 8-nitro-4-mtro8o-a-naphthoI with 50 p.c. 
nitric acid in the cold (Oraebe and Oeser, 
Annalen, 1904, 335, 160; Friedlander and 
Scherzer, l.c.), forms yellow' prisms^m.]). 175°, 
and dyes w'ool yellow. 'Jlic potassium salt 
KA, civstallises well (Fnedlander, Ber. 1899, 
32, 3530). 

(iv.) 4:5:7- (or^: 0 : 8-) Triiiitro-a-naph- 
thol has not been isolah'd, but its mcthijl ether 
is formed by the interaction of 1 : 3 ; 5 : 8-telra- 
nitronaphthalcne and sodium mcthoxide. This 
ether crystallises iii yclloiv needles, m.p. 180°, 
and on oxidation yields 3 : Ci-diintrophthahc acid 
(Will, Ber. 1895, 28, 372). 

TETinvNITIU ) -a- N ArHTlIOn. 

2 : 4 : 5 : 7 - Tetranltro - a - naphthol {Udio- 
chnjsiu) IS iditained by digesting tetranitro-a- 
bromona])hthalene (m.p. 170'5°) with warm, 
coneentrated aqueous sodium carbonate (Hoehst, 
D. H-P. 14951; Eng. 1’. 5327 of 1880; Merz 
and Weith, Ber. 1882, 15, 2714). It crystallises 
in 3'ello\\ scales, m.p. 180°, and forms reddish- 
yellow' salts, which diss'lilvc only sjiaringly in 
water. The potassium salt KA-j 1 A 11 .>0, prisms, 
IS soluble in 340 ])arls, and the .sodium salt 
NaA-f 2H2O, scales, in about 94 parts of w'ater 
at 19°. It' dyes silk and wool golden-yellow, but 
has no techiiieal value. 

NlTRO-a-NAPHTHOLHULPIIONIC AciIlS. 

(1.) 2-Nitro-a-naphthol-4-sulphonicacid can be 

obtained from the corresponding ethyl ether by 
hydrolysis w'lth caustic potash solution. TL» 
basic hantnii salt BaA-f HaD im very sparingly 
I soluble; the yellow' potassium ami orange 
I baste potassium salts form needles easily solulue 
! in Abater. When its salts are hoati'd with 
hydrochloric acid under pres.'jure at I50“-J()0° 
2-mlro-a-uajiltlhol is obtained (Witt and 
Schneider, Bei. 1901, 34, 3189). 

(11.) 2 - Nitro- a naphthol - 7 - sulphonic acid, 
foimed from diazotised 2-mtro-4-amino-a- 
naphthoI-7-Nulphonic acid {v. 2 : 4-dinitro-a- 

naphthol-7-sidphonic acid) by means of cojiper 
powder, crystallises with 1 mol. H./) in yellow 
needles, and its copper salt CuA2-f5H._jO in 
greenish-yellow needles. On reduction it yields 
2-am luo-a-unphthol-l -.sulphoTiic acid ( Finger, 
.1. })r. ( 'hem. 1909, (ii.] 79, 441). 

(ill.) 2 : 4-Dinitro - a - naphthol - 7 - sulphonic 
acid {naphthol iplloiv S’ ; acid i/clloiv S) is for^j^od 
by nitration of a-napbthoi-7-Hulphonic acid 
(Liebmann and Studer, ICng. P. 7812 of 1887 ; 
rf. Bonder, Ber. J889, 22, 990), or of a-naphthol- 
4 : 7-disul|)houic acid (Dahl, D. R.-P. 41957), 
or of a mixture of a-naphthol-2 : 7- and 4 : 7- 
disulphomc acids (Seltzer, 1). R.-P. 20710 ; 
Levinstein, Eng. P. 5092 of 1882 ; L. Vignoii & 
Co., Eng. P. 9808 (prov. spec.) of 1884; Leon- 
hardt, Eng. 1*. 11318 of 1887), or of a-naphthol- 
2:4: 7 -trisidphonic acid (Badische, D. R.-P. 
10785; Eng. P. 5305 of 1879 ; cj. Lauterbach, 
Ber. 1881, J4, 2028; Hoehst, D. R.-P. 22546; 
Eng. P. 2178 of 1882), or of a-methoxynaph- 
thalenedisulphonic acid (Dahl, Eng. P. 1904 of 
1883). 
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Preparation. — (1) To the solution obtained phonate (16-26 pts.) is then stirred in gradually 
by diluting the trisulphonation melt from *a- while the temperature is raised slowly to 300°- 
nsjphthol (10 kilos.) with water to 100 litres nitric 310°, at which the fusion is completed. The 
acid of sp.gr. 1*38 (26 kilos.) is added at such a liquid naphtholate, containing sodium sulphite 
rate that the temperature docs not exceed 60°, in suspension, is dissolved in the minimum 
and the reaction completed either at 60° or by amount of water, the solution neutralised by 
allowing the mixture to remain in the cold for 60 p.c. sulphuric acid, heated to boiling and 
12 hours. From the solution, dinitro-a-naphthol- acidified with sufficient 60 p.c. sulphuric acid 
sulphonic acid separates in needles, the mother to liberate about 86 p.c. of the naphthol, which 
liquors containing other nitration products, of when cold is removed by filtration. By this 
which nothing definite is known (Badische, l.r.). means )3-na])htliol, free from a-naphthol (arising 
(2) The miwd a-na]jhtholdisulphonic acids from a-sulphonate present as imjmrity in the 
of Leonhardt’s Kng. I*. 11318, aft(*r conversion ^-suljihonate used), is obtained, while from the 
into nitroso- compounds by means of sodium filtrate after dilution the remainder of the 
nitrite, arc iiitrateii at 60° with nitric acid, also ^-nafihthol may be separated by the addition 
in the projiortioii of 26 kilos, to every 10 kilos, of more acid, the a-naphthol remaining in solu- 
of a-naphthol sulphoriated (Leonhardt, /.c.). tion. When dry, the ^-najihthol is purified 
Salts. — The acid crystallises from hydro- by distillation in a vacuum {rf. Cain, Inter- 
chlqric acid in yellow needles. The and mediates, 2nd ed. 213; Levinstein, Eng. P. 

basic potassium K,A salts are very sparingly 2300 of 1883). 

soluble ; the acid potassium KA, basic sodium To avoid the formation of oxidation products 
Na^A, and ammonium salts are readily soluble which occurs wdien sulphonic acids are fused 
in water and are orange-yellow' (Lauterbaeh, /.r.). with caustic alkali in open vessels {cj. Boswell 
It is a strong acid, has considerable tmetorial and Dickson, J. Ainer. Chom. Hoc, 1918, 40, 
power, is used as a yellow dye for w'ool, and, 1787), sodium na})hthalcne-^-8ul])honatc (40 
unlike 2 ; 4-dinitro-a-naphthol, does not vola- pts.) may be heated with caustic soda solution 
tilise from the fibre and IS not poisonous. of sp.gr. 1*384 (50 pts.) in an autoclave at 

Hmetions. — By oxidation with nitric acid of 300°-330° for 10-12 hours (Aktienges., D. P. 
sp.gr. D33 it is converted into fS-suJpJiophihaUc Anm. A. 24027 ; cf. Soe. (diem. Ind. 1014, 
arid ((rraehe, Ber. 1886, 18, 610; B,e<‘, Chom. 3.3, 956); or \\ith 10 ji.e. caustic soda solution 
8 oc. Trans. 1880, 49, 01 1). When reduced with at 300° for 30 hours (Willbim and Meyer, Ber. 
stannous chloride and hydrocldorie acid it 1914,47, 3102); or, in eonceiit rated aqueous solu- 
yields 2-nitro -4 -annno-a-'uaphihol-'l -sulphonic tion at 100°, added gradually to fused caustic 
acid (Lauterbach, l.c, ; Finger, J. pr. (diem, soda in a covered vessel at about 300“ (Wallach, 
1909, [il.) 79, 441) ; but in ainmoiiiaeal solution cf. J. 8oc. (dieni. Tnd. 1919, 38, 248). 
with sodium sulpliide gives the isomeric 4-nitro- Proprrtus. — ^/I-Naphthol crystallises in odour- 

2’amino-a-iiaphthol -1 -sulphurnr and (Cesellsch., less scales or rhombic tables {cf. (troth, Annalcn, 
p. R.-P. 189613; Eng. B. 7636 of 1900). 1809, 162, 286), m.p. 122“ (Schaffer, l.c.), b.p. 

(iv.) 2 : 4-Dinitro-a-naphthol-8-sulphonic acid 285°-280° (Ebert and Merz, Ber. 1870, 9, 011), 
{hrilliauf yellow) is formed -when the nitroso- sji.gr. 1*217 at 4“ (Behroder, Ber. 1879, 12, 1013), 
derivative of sodium a-naphthol-S-sulphonate in and is readily soluble in alcohol, organic solvents, 
dilute sulphuric acid solution, is mixed with or caustic alkali solutions, but only sparingly 
nitre in the cold, the reaction being completed so in hot water. It sublimes easily and can be 
on a water bath (Sehollkopf, I). H,.-P. 42304); or distilled with superheated steam, but is only 
when sodium a-naphthol-4 : 8-disulphonate in slightly volatile with steam at 100°. It has 
aqueous solution is heated with dilute nitric acid marked antiseptic properties. The sodium 
at B0°-70° (Sehollkopf, i'. R.-P. 40671 ; Eng. J’. compound (’,oH,*ONa can bo obtained crystal- 
16776 of 1885); or its nitroso- derivative is line p. 4G6, footnote 1 ). 
boiled with nitric acid (Karjieles, cf. J. Soc. Reactions. — It couples readily with diazo- 
(fiiem. Ind. 1898, 17, 837) ; or w hen sodium a- tised bases aOd is used extensively as end corn- 
naphthol-2 : 4 : S-trisulphonate, dissolved in sul- ponent for the production of a 2 o-dycs either in 
phuric acid, is mixed woth nitrosulphuric acid at the ord'uary way or, if the dyestuff be insoluble, 
20° (Dresscl and Kothe, Ber. 1894, 27, 2146). *ts a developer on the fibre. With nitrous acid 
Properties. — The potassium salt KA-I H,() it forms nitroso -^-naphthol (?;. naphthaquinone- 
(Karpeles, l.c.), and the sodium salt NaA oxin^es) or, in ethereal solution, 1 : ^-dinitro-^- 
(DresseJ and Kothe, /.c.), form sparingly soluble tmphthol, which is also formed by nitration, 
yc'low needles, and in an acid bath dye silk and Phlonnation converts it into \-chloro-B-naphthol. 
wool a more orange shade than that produced By sulphonatioii, ^-naphthol-mono-, di- and tri- 
with the isomeric 7-sulph()nic acid. As a dye- sulphonic acids are ohia^ned. 
stuff it has no technical value. On oxidatidn in alkaline solution with per- 

manganate it yields either o-carboxy cinnamic 
acid (Ehrlich and Benedikt, Monatsh. 1888, 9, 
527) or phihulonic acid (Henriques, Ber. 1888, 
21, 1618), but on fusion with caustic alkali and 
copper oxide or hydrated manganese peroxide, 
it 18 converted, like a-naphthol, into phthalic 
acid and benzoic acid (Bindsch., D. R.-P. 138790 ; 
139956 ; Eng. P. 15527 of 1901). By reduction 
with sodium in boiling amyl alcohol solution it 
furnishes a mixture of &c,4eirahyd 'o-B-ruiphthol 
as chief product, with &T.4etrahydro-p-naphthol. 
frothing stops ; sodium naphthalene-jS-sul- ' When heated with ammonium sulphite solution 


A A OH )8-Naphthol occurs in very 

1 I I small amount in the coal tar fractions 

V V of high boiling-point (Schulze, An- 
nalen, 1886, 227, 160), but is always made from 
sodium naphthalene-^-sulphonate by fusion with 
caustic alkali (Schaffer, Annalen, 1869, 152, 
281). 

Preparation. — A melt of caustic soda (10 pts.) 
with water (2 pts ) is heated at 270° until 
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and ammonia at 100°-160®, or with ammonia 
under pressure, it is converted into p-naphthyl- 
amine, or with acetamide or aniline into 
acetyl- or phenyl- p-naphthylamine. By conden- 
sation with nitrosodimethylaniline hydrochlor- 
ide it yields MeldoWs blue (Meldola, Ber. 1879, 
12, 2066). 

Iodine solution added to a solution of j3- 
naphthol in aqueous caustic soda (1 mol.) gives 
quantitatively a crystalline precipitate of 1- 
lodo-p-naphthol, m.p. 94" (Wilkie, J. Soc. Chem. 
Ind. 1911, 30, 402), but with excess of alkali 
a yellowish-green precipitate of so-called j8- 
naphlhol iodide (Messinger and Vortmann, Bcr. 
1889,22,2322; Bayer, Jh R.-P. 49739 ; Kng. P. 
6079 of 1889). 

Colour reactions. — Blcaching-powder solution 
gives to an aqueous solution of ^-naphlhol a 
pale yellow colouration which disappears on 
addition of an excess. Ferric chloride, added to 
an aqueous solution, gives a pale green coloura- 
tion, and afterwards a white flocculent preciju- 
tateof -diiuiphlhol (Dianin, Ber. 1873, 0, 1252; 
1874, 7, 125; cj. Walder, Her. 1882, 15, 216(>). 
When warmed with htrong caustic [lotash solution 
and chloroform at 50“ it gives (like a-naphthol) 
a Prussian-blue colouration which gradually 
changes through green into brown (Lustgarten, 
Monatsh. 1882, 3, 720 ; cj. Rousseau, Ann. 
Chim. Phys. 1883, [v.] 28, 148). 

Tests. — Commercial /Fnaphthol should be 
almost colourless, have a])proximately the right 
melting-iioint, and dissolve completely in causl-ic 
alkali lorniing an almost colouiless solution. 

Estimation. — A 1 p.e. solution of the sample 
in aqueous caustic soda (4 niols.) is titrated at 
60" with excess of N/10 iodine (the equation is 

CioHgO + 3I2 + 3NaOH - CjoHjIaO -f 3NaI i SHaO) 
cooled, acidified with dilute sulphuric acid, and 
the filtrate titrated back with N/10 sodium 
thiosulphate (Messinger and Vortmann, l.c. ; 
c/. Kuster, Ber. 1894, 27, 1907 ; Wilkie, l.c.). 

)3-Naphthyl methyl ether {nerolin), 
prepared by heating ^-najihthol (5 pts.) dissolved 
in absolute methyl alcohol (6 pis.) with sul- 
phuric acid (2 pts.) in a reflux apparatus und(‘r 
slight pressure at 125“ (Gattermann, Annalen, 
1888, 244, 72), forms scales, ra.p. 72", b.p^!J74" 
(Marchetti, Jahresb. Chem. 187^ 543), dis- 
solves sparingly in alcohol, and has the odour of 
orange flowers (neroh). 

^-Naphthyl ethyl ether, prepoJTed lik^ 
the methyl ether (Gattermann, l.c. ; c/. Paul, Z. 
angew. Chem. 1896, 9, 620 ; Davis, Chem. Soc. 
Trans. 1900, 77, 33), m p. 37", b.p. 282", dissolves 
readily in alcohol, and has the odour of pine- 
apple. On nitration it yields \-nitro- ^-ethoxy - 
naphthalene, m.p. 104" (MTttkampf, ^er. 1884, 
17, 394 ; Cassella, D. P. Anm. 2883 ; Paul, 
l.c.) ; and, as minor product, (5-nitro-^-cthoxy- 
naphthalene, m.p. 114" (Caess, J. pr. Chem. 
1891, [ii.] 43, 22). 

j8-Naphthyl phenyl ether, m.p. 46°, is 
obtained when a solution of sodium ^-naphthol- 
ate in fl-naphthol is heated with chlorobenzene 
under pressure at 200"-220" (Fritzsche, D. R.-P. 
269543 ; Eng. P. 9797 of 1913). 

^/I'-Dinaphthyl ether (C\oH7)20, ob- 
tained by boiling jfi-naphthol for some hours 
with 60 p.o. sulphuric acid (Graebe, Ber. 1880, 
13, 1850); or by heating sodium ‘-jfi-naph- 


tbybnlpbate ’ ^ with jS^Mphtbol 8f, 180 
{l^etzki, Ber. 1882, 16, 306); orfi^mphttol Witt 
phosphorus pentachloride (1 tiol.) at 100^ for 
2 hours (Berger, Compt. rend. 1905, 141, 1027), 
forms scales, m.p. 105°, b.p. above 360°, and 
yields p-napht>hol-mono-, di-, and tri-sulphonic 
acids when heated with sulphonating agents 
(Bronner, D. R.-P. 26938; Eng. R 3606 of 
1883).^ 

jSjO'-Dinaphthyl carbonate, which is 
obtained by the interaction of phosgene and 
sodium j8-naphtholaJe (Schering, D. P. Anm. C. 
1197), forms needles, m.p. 176"-! 77°, sparingly 
soluble in alcohol, and on sulphonation yields 
a mixture of the Q-yuiphihol-O-, 7-, and.8- 
sulphonic acids (Reverdin and Kauffmann, Ber. 
1895, 28, 3057). 

^^'-Dinaphthy I sulphite, a nacreous 
powder, is obtained by heating yS-naphthol dis- 
solved in caibon disulphide with thionyl chloride 
in jirc.sence of pyri(line (Badische, D. R.-P. 
303033). 

^-Naphthyl acetate, obtained by heating 
yff-naphthol with acetyl chloridii (Schaffer, 
l.c.), or with acetic acid at 240" (Gr.'iobe, Annalen, 
1881, 209, 150), forms needles, m.p. 70° (Miller, 
Ber. 1881, 14, 1602, footnote), dissolves sparingly 
in water, and is hydrolysyd by distillation with 
steam. 

^-NAPIITIIOLSULrHONIC AciDS. 

Introductory. — The greater number of the B- 
na])htholsulphonic acnls is obtained by tne 
suljdionation of jS-iiaphthol, whereas in the 
a-series, for the production of a-naphtholsiil- 
phonic acids, direct sulphonation finds only a 
limited use. But this is only one of many differ- 
ences between the two scries. Another arises 
from (rt) the jirefereiitial sulphonation in a* 
rather than in po.sitions, (b) the preferential 
replacement of a- rather than of j8-sulphonio 
grou]is by other radicles, which renders the 
methmls most widely used m the a-series {v. 
p. 4(»/) comparatively valueless for the pro- 
duction of B-naphtholsiilphonic acids. For 
example ; — 

(1.) Pusion of napi^thalenesulphonic acids 
with caustic alkali, if ^-naphtholsulphonio 
acids are reijuired, can be applied only to 
naphthaleno-2 : 6- and 2 : 7-di8ulphonic acids, 
as these are the only two naphthalenepoly- 
sulphonic acids containing SO3H radicles ex- 
clusively in B- positions. 

(ii.) Exchange of the amino- group for hydr- 
oxyl in naphthylaminesujphonic acids, either by 
the diazo- reaction or by t he bisulphite method, 
is limited in the )3 -series by the fact that 
most convenient source of j8-naphthylamine* 
Bulphonic acids is found in the jS-naphthol- 
sulphonic acids themselves. 

The first product of the action of sulphuric 
acid on ^-naphthol is ^-naphthol-1 -sulphonic 
acid, regarded by its discoverers as ^-naphthyl- 
sulphuric acid. Without alteration in the con- 
centration of the sulphuric acid, but with rise 
of temperature, there are obtained successively , 
at 60"-60° ^-naphthol-8-8ulphonic acid, and at 
90"- 100" the 6 -sulphonic acid. When the 

^ The acid described by Armstrong (Ber. 1882, 15, 
202) and by Nletzki (Z.c.) as 3-naphthyl8ulphurio acid 
is now known to be ^-naphthol-l-sulphonic acid (c/. 
Tobias, D. Pv.-P. 74688). 
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weight of sulphuric acid is doubled there are 
obtained, similarly, at jS-naphthol-0 : 8-di- 
sulphonic acid, *and at 120°-13U“ the 3 : 6- 
disulphonic acid. With anhydro- acid, sulphon- 
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ation of ^-naphthol reaches its limit in the 
formation of the 3:6: 8-tiisulphonic acid. The 
relationship between these products is shown in 
the scheme ' — 
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Another source of /i-naphthol])olysul])honic from iiaphlbalene-2 : V-dieulpboiiic acid by fusion 
acids is the 7-sulpboriic acid, wbii‘b, altboiigb j with caustic alkali, 'bbe acid.s formed from it 
known to occur m the Hiilj)bonaiion j»ro(luct of j by suljilionation are shown below, tlie suliibo- 
fl-naphtbol at 1 00'^- J. 3(1”, does not seem 1o have ‘ nalirig agent used being indicated under the 
l)ox;n isolated from this source^ but is obtained symbol giving the constitution of the product. 
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Bearing m mmd the rule of ])rcfcrential 
substitution in a-positions, it is notewoiiby 
that the SO,, 11 radicle is not. found in eitliei tb(‘ 
4- or the 5-positioii in any of the products of the 
sulphonation of ^-uaphtliol under the most 
varied conditions. And with refereme to the 
Imposition, it IS evident that, of tb«' live acids 
obtained from /:i-nHphtliol-7-su1 phonic- acid by 
Bul})honation, the three containing a SO.,!! 
radicle in this ])ositioii ari' formed under con- 
ditions which exclude the presence of wafer; 
whereas the two from which it i.s ahsei»t are 
obtained rcsjiectively by the use of ordinaiy 
sulphuric- acid, and by desulphonation with 
boiling water. 

The ^-najilithohulphonates are better de- 
fined, and more easily se^iarated from mixtures 
than are the a-naphtholsulplionates ; they can 
therefore he. employed for the production of 
pure ^-naii)hthylammesul]ihonic acids. Their 
chief use is in connexion with the maiuifneturi^ 
of 07*//io-azo-dyes, hut they are not lajiially 


valuable for tins purjtose. 'J’hus, the H-sul- 
])honic and the 6 : S-disulphoiuc acids, which, 
in coiniianson with the h-siilpluinic and 3 : 6- 
' (Jisiilfihonic acids, couple the moic slowly with 
diazotised ha.scs, furnish azo-dyes that arc 
yellow' or orange in shade rather than red and 
are the more highly { rized. Ih'nee, when first 
j ilesonhed, the 6 : 8-(lihu]|)honic acid was termed 
(1-ncid ((h'lhsame) and f-lii' 3 : b-isomerido 
! B.-aeid (Itotsaurc) to ria all this distinction 
' (Hochst, l>. K.-P. 3220). 

! ^-NAl*HTHOLMONOSULrMO?jIC AciDS.^ 

j (i.) )3-Naphthol-l-sulphonicacid 

ffulphm It' obtained wlien a solution of 

; jd-na^ihthol in 2-2 5 limes its weight of 90-92 
I p.c. sViljiimnc acid at 35”-45“ is kept for a short 
I tiiiK' until it/iHolidities to a crystalline mass, is 
, separated from the 8-sulphomc acid, also 
formed ^ in small amount, either by salting 
t)ut or by precijiitation as the sparingly soluble 


^ This scheme is not l)o reganUnl a.s complete, j by J>)jLpworth (('hem Soc Proc. 1K05, 11, 49), in which 
It leaves out of account tlie lormutinn ol g-nni)lithol-7- | tlie I'lrodiicts foimed in tlie siiliiiionation of g-ctlioxy- 
sulphouic acid {q.r.) recorded liy Green, and slioidd lie 1 nn])l'.thalene by clilor(*sulplionic acid, under conditions 
coCkpared with anotlier, comjaled trom data furuKslicd ' excluding the jiresence of water, are displayed — 
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The change of acid 1 into acid II was found to take 
place at the ordinary temperature, and of acid II mt-o 
acid 111 at, the ti'mperature of a water bath ; more- 
over, aetd 111 on sulphonation gave, not the 3 . b-dlsul- 
phonle acid as mlglit be expected from the behaviour 
of /3-naphtliol-6-Bulphonic acid, but the 1 : 6-dlsul- 


phonie acid, not jet recognised among the sulphona- 
tion jiroducis of g-naphthol. 

^ in every case where the constitaitlon of a 
naphtliolsulphonic acid is given the OH radfc-Ie is 
BU])poHed to be In tlie position * 2.’ 
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basic barium salt from the solution of the I 201 ; rf. Beyer and Kegel, J). R.-P. 32964; 
calcium salt obtained by neutralisation with j Eijg. P. 7098 of 1 884 ; (Ireeii, rhem. 8oc. Trans, 
lime (Tobias, D. R.-P. 74688; Eng. P. 16404 ! 1889, 55, 37); or, as chief pfiduct, when 
of 1893; rf. Nietzki, Ber. 1882, 15, 305). It , dinaphthyl ether is .siilphonated with 2-3 parts 
is also formed when chlorosulphonic acid in of sulphuric acid at 90"-l 00” (Broiiner, D, R.-P. 
mol. prop, is added to /3-naphthol in carbon | 26938; Eng. P. 3606 of 1883). The pure acid 
disulphide solution and the product, after I can be obtained from sodium naphthalonc-2 : (i- 
removal of the solvent, heated at 100” (Arm- ! disulphonate by fusing it with eai#itie alkali 


strong, Ber. J882. 15, 203). : 

I dent i fir al ion. — Both normal and basic .salts j 
are known, which wnth the exei^ption of the | 
basic barium salt are easily soluble in water. 
The normal harvum salt BaA.^-i 2('2llflth potas- 1 
sinm, salt KA, and sodium salt NaA, crystallKse , 
from alcohol in scales; the disodium salt, j 
Na.,A-p2( 'olle^^’ scales, shovv.s no Huorescenee j 
in aqueous solution. In muitral .solution tin' j 
salts give an indigo-blue colouration with ferric j 
chloride, and in acid .solution decompose intf) 
j5-naphthol ami sulphuric acid on evajioration i 
(Tobias, l.r.). 1 

Jfractiou ^, — With diazotised biises eoujiling ! 
takes ])laee in concentrab'd alkaline .solution 
but owing to climinalion ot th«' SO, II radicle 
the a;:o-(iy(‘s aie (hrivatives of ^-naphthol,' 
not of the suljdionic acid (Tobi.is, l.r.). In 
in'utral or acid solution, by combination nmUi 
diazotised p-nitraiuline or tliani.sidine, sails are 
])roduced (Bayer, 1). R.-l*. 93365; Eng. B. 
11757 of 189.5). Dissolvc'd in sulphuric acid it 
is I'onverted at 59 -60 ' into fi-uaphllad-iS : 8- 
disulphouir and. By the bisulphite leaction 
or wlicn heated with 20 p.e. ammonia at 220”- 
230” it yields fi-vaphlfn/lamiue-l-sulphouic acid. 

Its arc(i/l derivative, olitained by heating the 
sodium salt with acetic anhydride, is eonvei-tibh' 
into the sulphaupl ( hlondc, m p. 115-5'’, which 
luriuslies fi-uapliOiolA -sul/dioui/l chloride, needles, 
m.p. 124”, on de acetylation (Anschutz and 
Maxim, Annaleii, J!ti8, 415. 89), 

(ii ) /^-Naphthol-1 sulphonic acid is obtained 
from jS-na|)hthylamine-4 ; S-disulphonic acid by 
digestion with water or 10 p e. sulphuric acid 
under ])ressuie at 170 -185" (Kalle, 1). R.-P. 
78603). It.s sodium salt is easily soluble. 

Uexirtions. — When heated with ammonia 
under jiressme it is converbsl into ^-naphlhijl- 
amineA-suljihomc and. By digestion with 
60 p.c. caustic soda solution at 23(T’-28(j* it 
yields o-/r»/a O’ nr /c7 (Kalle, 1) R.-J*. 79028). 

(iii.) ^-Naphthol-h-sulphonlc acid has been 
prepared from /j-naphthylamme-S-sulphonie 
acid by the diazo- reaction (Dahl, D. R -P,€9084 ; 
Eng. P. 7712 of 1884 ; Claus, d. pr. ( 'hem. 1889, 
[ii.] 39, 315). The r/co-dyes obtained from it 
are worthless (Dahl hr.). On fusion \fith 
caustic alkali, it gives 1 : i]-diJnjdrovipiaphtlialfjne. 

(iv.) ^-Naphthol-6-sulphoDic a(3id {[a-] and 
of Armstrong and of Schultz ; Schaffer acid) is 
formed as chief product, mixe^i with about 
15-20 p.c. of the 8-sulphonic acid, when fi- 
naphthol is heated on a water bath with twice 
its weight of sulphuric acid •until completely 
sulphonatcd (Schaffer, Annalen, 1869,152,296); 
or, mixed with some 7 -sulphonic acid, disul- 
phonic acid and unattacked /S-naphthol, when 
it is heated with monohydrate (1 mol) at 100”- 
105® for 2-3 hours (Armstrong, Ber. 1882, 16, 

1 The magnesiniii salt is employed in place of 
8-naphthol as m developer of dyestuffs on the fibre 
(Callco.Printer8’ Association and Tourneaux, D. R.-P. 
204702). 


(Ebert and Merz, Ber. 1876, 9, (501 ; Armstrong 
and (Jraharn, ('hem. Soe. dTans. 1881, 39, 136; 
cf. ('as.sella. T). R,-P. 45221 ) ; or from l-earhoxy- 
^-naj)litho{-6-sulphonie aeid hy warming its 
acjueons .solution at 6^ (Seidler, I). R.-P. 5334;{) ; 
or from ^-naidithylamirie-li-siilphonie acid, 
eilher by the diazo-reaetion, or by the bisnl])hite 
nu'tliod (Badisehe, D. R.-P. 126136; 134401; 

V. p. 416). 

Prcparaliov. — ^^-Naphthol (1 mol.) in fine 
powder i.s stirred with monoliydrnto (2 mols.) 
at lOO” until siiljihoiialion is eom])]i‘te. Tlie 
jiroduet is tlien liduted with water, the mixed 
acids converted into sodium salts after neutrali- 
sation with lime and the tiltrate, after cori- 
eentration to about 5 times the volume of 
momdivdrate used, .stirred witli suttieient 
eomiiion salt for it to e<mtaiii 20 p e. NaCl, 
whmeby the less soluhli- soflium ^-miplithol-O- 
sulidiomito is sepaiaied ^'oiiipletely from the 
moie soluble .salts of the aeeomjianying acids, 
cliu'tly )3-na]»liibol-3 : 6-disul|)boiiie or R-aeid. 
'I'he motlii'i lupior can be worked iij) for R-acid 
[t/.v ), which may amount to om'-hall of the 
Nchalb'i acid (d)taiiied (Ficrz- David, Dye 
Chemistry, ji. 33). If the Buljdiouatioii bo 
conducted at a lowci tciiijieraturc or with a 
smaller ])roportion of acid (1 mol.), th(‘ same 
mode, of sc|»aration is followed hut 5-iia])hthol- 
8-sulphonat(‘ will remain in the mother liquor. 

Idnifificalwu. — The and forms easily soluble,* 
iion-dehqiieseent scales, m.p. 125”; the lead 
salt 1M)A_,-| (ilRO, scales; the barium salt 
BaA._.-| 611.9), long prisms; th(' (olnim salt 
CaAjd 5ILO, seale.s, readily soluble in alcohol 
or in .^) ])art.s (»f water at IS”; tlie potassium 
salt KA, jirisms, soluble, in about 50 parts of 
w-ater at J5”; the sodium salt NaA-i-2JT,()* 
K(;alos, soluble in about^3 3 parts of water at 
80”, in 57-8 jiarts at 14”, and in (59 parts at 11-5® 
(Schaffer, l.c.; Arni.stroiig and Crahain, l.c.) ; 
the ammonium salt NH^A, long flat jirisms 
soluble III about 34 parts of w^ater at 24” 
(Meldola, Chem. Soe. Trans. 1881, 39, 41). In 
aqui'ous solution the, salts show a jiale blue 
fluorescence and give a jiah' green colouration 
with feme chloride. With nitric acid, .solutions 
of tliese salts become carimne-red when w-armed 
(tSchafter, l.c. ; Armstrong and Graham, /.%) 
owing to the fonnation of an indophenol deriva- 
tive of [^- Inaphthaquiiione, which can be iso- 
lated in red crystals (Nietzld and Knapp, Jier. 
1897, 30, 87). ‘ 

Reactions. — It couples wdth diazotised bases 
forming azo- dyes. With nitrous acid it forms 
1 -nitroso-fi-naphtholAS-sulphonic acid convertible 
into a miphlhol qrecn by ferric chloride. On 
sulphonation with anhydro-acid 160”, it 
yields fi-naphlholA : ii-disulphomc acid. By 
the bisulphite reaction or when heated with 
ammonia under pressure, it is converted into 

2 Miithods for determining the relative proportion 
of Sctififfer and R-acids. in a mixture are given by 
Fierz-Davld (l.c.). 
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^-mphthiflami7ie-Q'8ulphonic acid. Fusion with ] 
caustic alkali furnishes 2 : Q-dihydroxynaphthal- 
ene. With sulphur and caustic alkali solution 
under pressure at 200° it gives two ‘ thio-6- 
naphtholsulphonic acids ’ (Akticnges., B. K.-P. 
50077). 

Derivatives. — The phenyl ester, needles, 
m.p. amide, scales, m.p. 237''-239° ; di- 
methylamide, scales, m.p. 125°; andanilide, 
needles, m.p. 101°, have been obtained from the 
corresponding derivatives of l-carboxy-yff-naph- j 
thol-O-sulphonyl chloride by elimination of 
carbon dioxide (Bayer, J). it.-P. 278001). They 
couple with diazotised bases forming azo-dyes. ' 

( V .) )9-Naphthol-7-sulphonic acid ([8 ] arid; 
F- acid) is obtained ti'clinieally fiom sodium 
naphthalcne-2 : 7-di8ulf)bonate by digestion witli 
60-90 p.c. caustic sodasolutioii at 2.50‘' (Weinberg, 
Ber. 1887, 20, 2907; (^e-ssella, 1). K.-P. 421 12 ; 
Eng. P. 12908 of 18S(i). M,ixed with the (>- 
sulphonic acid it is formed when ^-naphthol 
is heated with monohydrate (1 mol.) at J00°- 
130° for 2-3 hours, but does not seem to have 
been isolated from the product (Green, Eng. 1*. 
15849 of 1888 ; Cheru. Noc. Trans. 1889, 55, 37). 
From )S-naphthylamme-7-8u]phonic acid it can 
be obtained either by the diazo- reaction (Bayer 
and Diiisberg, Ber. 1887, 20, 1431 ; rf. Sehulti!;, 
ihid. 3158) or by the bikiilpbite method (Bucherer, 
J, pr. Chem. 1904, [ii.] 09, 73 ; 7>. p. 410). 

Preparation. — Sodium naj)hthalcne-2 : 7-di- 
sulphonatc is digested with foui times its weight 
of 60 p.c. caustic soda solution under pressure 
at 225° for 10 hours or until an acidified test 
gives traces of dihydroxynaphthalene when 
extracted by ether, or a test freed from suljiJiur 
dioxide gives with diazoxylene an amount of 
azo-dye ecpii valent to the quantity of sodium 
,salt employed. From the solution of the melt 
ill twice its weight of water, after it has been 
acidified and boiled to remove siilphui dioxide, 
sodium ^-naphthol-7-sulphonate crystallises in 
the cold (Cassella, l.t . ). Alteriiatively, the crude 
mixture of sodium naphthalene-2 : (5- ani’ 2 : 7- 
disulphonate may be usial, and the isoinwic 
^-naphtholsulphonie acids separated by taking 
advantage of the sparing solubility either of the 
basic sodium (i-sulphoirato in the cold alkaline 
liquor saturated with common salt or of the 
normal sodium li-suljihonatc in a boiling solution 
of the melt in 2-3 vols. of water acidified by 
hydrochloric acid and saturated with common 
salt (Cassella, D. R.-P. 45221). 

IdcTitification. — The acid forma hyilrated 
needles, m.p. 89°, readily soluble in water or 
alcohol ; the barium salt sjiaringly soluble 
prisms; the magnpimim salt MgAo-pfiAH^O, 
sSales ; the potassium salt KA+J4„b, readily 
soluble rhombs ; sodium ^ saltNaA f 2JHoO, 
large scales soluble in 12'5 parts of water at 15° 
(Weinberg, l.c.). In alkaline solution the salts 
show a pure blue fluorescence, and in neutral 
solution give a dark blue colouration with ferric 
chloride (Cassella, l.c.). 

Reactions. — It couples with diazotised bases 
forming azo-dyes. With nitrous acid it gives 
I -nitro80-^-napfdhol'-7 -sulphonic acid, convert- 
ible into a tmphthol green by iron salts (Cassella, 
D. R.-P. 42112 ; Eng. P. 12908 of 1886). On 

^ The sodium salt under the name ' shading salt ’ 
(Nuanclersalz) Is used tor shading, e.{r. in Para-red 
dyeing. 


sulphonation with chlorosulphonio acid it yields 
p-mphthoUl : 7-disulplwnic acid, but with sul- 
phuric acid at 120° the ^ : 7 -disulphonic acid. 
By the bisulphite method or when heated with 
20 p.c. ammonia at 250°, it is converted into 
^-naphthylarnine-7 -sulphonic acid ; with dime- 
thylamine at 220° the product is dimethyl-^- 
7Mphthylainin£ -7 -sulphonic acid. Fused with 
caustic alkali, it furnishes 2 : 7 -dihydroxynaph- 
thalme. 

(vi.) jd-NaphthoI-8-sulphonic acid ([a-] acid 
of Bayer’s patents; [f^-] acid of Schultz; and 
o-acid of Glaus and Volz; ^ croceic acid ; Bayer 
or RumpJJ acid) is formed as chief product (80 
p.c.) together with the 2 : fi-disuljihonic acid 
when finely powdered j8-naphthol is stirred as 
rapidly as ])o.ssihle into twice its weight of 
suljihuric aeid cither at 50° or 60° until, in the 
course of 15 minutes, it is dissolved (Bayer, 
D. R.-P. 18027 ; 20.397 ; 26231 ^ ; Eng. P. 1225 
of J881 ; 2411 of 1883) or during several days 
at a temjieraturc not exceeding 20°, the 1- 
sulplionic acid first formed being converted 
mainly into ilio 8-8ulpbome, mixed only with a 
small amount of tlic fi-sulphonii! acid (Leon- 
haidt and Schulz, D. R.-P. 33857 ; cf. Bang 
and Roussin, D. P. Anm. B. 13709). It occurs 
(15-20 }).c.) Ill the ju’oduct formed when 
luiphtliol IS heated with twice its weight of 
sulphurie acid on a water-bath until dissolved 
(Schaffer, Annalen, 1869, 152, 296), and in the 
so-called Armstrong acid produced when 
jS-naplithol IS heated with monohydrate (I mol.) 
at 100° (Beyer and Kegel, I). R.-P. 32964 ; Ji]ng. 
P. 7098 of 1884). 

From 5-naphtbylamine-8-sulphonio acid it 
is obtained pure, eithoi by the bisulphite reaction 
(Badische, 1). R.-P. 134401 ; v. p. 416) or by 
boiling its diazo- com]iourid with 2 p.c. siilpliuric 
acid (Dahl, D. R.-P. 29084; Eng. P. 7712 of 
1884). 

Preparation. — Wbrni obtained from )5-naph- 
thol by eitluT Bayer’s or Leonhardt’a process it 
can be freed from the ac-comjianying 6-isomerido 
by eonverimg the sulphonation product into 
calcium salt, filtiiring the solution while hot, 
and concentrating the filtrate until the G-sul- 
phonato separates out as a precipitate. About 
foul -fifths of the fi-sulphonic acid being removed 
as calciuin salt, the remainder can be separated 
from the Aiother liquor by conversion into 
neutral (basic) sodium salt, which is either 
1 couple*) with the requisite quantity of a diazo- 
tised base (as deteriiimcd by a preliminary test) 
and the dye salted out, or, less advantageously, 
drifcd and extracted with 90 p.c. alcohol in which 
sotlium ^-naphthol-fi-sulphonato is practically 
insoluble. The filtrate in either case contains 
the sodium fl-naphthol-8-sulphonate {cf. Bayer, 
l.c. ; D. R.-P, 30077 ; Eng P. 8495 of 1884). 

Identification. — The acid decomposes into 
j8-naphthol and sulphuric acid when its solution 
is evaporated ; it forms both normal (acid) and 
basic (neutral) salts, which are much more soluble 

^ Clnus and Volz assign the constitution [2 : 8] to 
this acid, but the method employed by them has 
been shown to be untrustworthy (cf. Armstrong, Chem. 
Hoe. Proc. 1889, 5, 9; Pfltzinger and Duisberg, Ber. 
1889, 22, 397 : Nietzkl and Ziibelen, ibid. 454). 

3 In this Patent reference is made to the presence 
of a.tliird acid in the sulphonation product, but althoii^ 
regarded as a |8-niiphthol derivative ^ayer, D. R.-P. 
80077 ; Eng. P. 8405 of 1884) It does not appear to 
liave been identified or characterised. 
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in water than the salts of the 6-sulphonio acid. 
The barium and calcium salts are insoluble in 
absolute alcohol ; the lead salt PbAg-f 2JH2O, 
forms rhombohedra; the salt ZnA2-f2H20, 
needles ; the sodium salt NaA, six-sided scales ; 
the basic disodium salt Na;jA-f-2C2H,0, de- 
liquescent needles from 95 p.c. alcohol in which 
it dissolves very easily at the boiling-pomt, 
but only sparingly (1 in 100) at 15° (Bailische, 
D. R.-I\ 20700 ; Claus and Volz, Her. 1885, 18, 
3155). Unbko its isomendes, it does not give 
a nitroso-corapound (Gans & Co., 1>. R.-P. 
28005 ; Eng. P. 2209 of 1884). 

Reactions. — It couples with diazotised bases, 
but only very slowly, formnig valuable aso-dyes. 
When wanned with dilute nitric acid it yields 
1 : O-dinitro-^-naphlhol-S-sidphonic acul (crocein 
yellow). On sulplionation with sulphuric acid 
below 50°, it gives B-naphtfiol-0 : S-disulphonic 
acid. By the bisulphite reaction or when 
heated with ammonia under pressure it is con- 
verted into B-naphthylamtii,e-8-sulphonic acid. 
Fused with caustic alkali, it furnishes 1:7- 
dihydroxynaphthalen e. 

^S-Napiithuldisulphonic Acids. 

(i.) ^-NaphthoM : 0-disulphonic acid is men- 
tioned by Bucherer (,J. ])r. Chem. 1904, |ii.] 09, 
73; cf. Badische, D. R.-P. 117471; Eng. P. 
1387 of 1900) as furnishing tlie conesponding 
naphthylammo derivative by the bisuljihite 
method, but no description of it seems to have 
been published. 

The ethyl ether has boon obtained by sul- 
phonating /3-ethoxynaphthaleno or its 0- 
sulphonyl chloride in chloroform solution with 
chlorosulphonic acid (Lapworth, C!hem. 80c. 
Proc. 1895, 11, 51). 

(ii.) )S-Naphthol-l ; 7-disulphonic acid is ob- 
tained either from sodium ^-na])hthob7-8iil- 
phonato by sulplionation in the cold with 
chlorosulphonic acid (Bayer, 1). R.-P. 77590; 
Eng. P. 1003 of 1894 ; Dressel and Kothe, 
Ber. 1894, 27, 1200), or from ^-iiaphthylamine- 
1 : 7-di8ulphonic acid by the diazo-reaction 
Dressel and Kothe, ibid. 1207). 

Identification. — The barium salt forms spar- 
ingly soluble needles ; fbe potassium ^salt 
K^A+l^HaO, moderately soluble jprisms ; the 
sodium salt, very soluble needles. In alkaline 
solution the salt.s give a pale blue tluorescence. 
It does not couple with diazotised bases. • 

Reactions. — When boiled with 1(» pjC, hydro- 
chloric acid, it reverts to B-naphthol-7 'Sulphonic 
acid. By digestion witn 25 ji.c. ammiftiia 
solution at 180°-200 or by the bisulphite 
reaction it is converted into ^-naphthylamine- 
1 : 7-disulphonic acid. 

(iii.) )3-Naphthol-3 : 6-disiilphoyic acid (j8- 

naphthol - [a - ]disulphonic acid ; K-acid) is 
formed as chief product, mixed with some 0 : 8- 
disulphonio acid, when |S-uaphthol is heated 
with 3-4 times its weight of sulphuric acid at 
100°-110° for 12 hours (Hdchst, D. R.-P. 3229 ; 
Eng. P. 1715 of 1878; Griess, Ber. 1880, 13, 
1966), or at 125°-] 50° for 6-6 hours (Beyer and 
Kegel, D. R.-P. 33916 ; Eng. P. 7097 of 1884). 
It is said to be the only product when equal 
weights of potassium )9-naphthol-6-8ulphoDate, 
potassium pyfbsulphate, and sulphuric acid are 
heated together for 5-6 hours at 160° (Baum. 
VoL. IV.— 2'. 
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D. P. Anm. B. 4199; Eng. P. 3523 (prov, spec.) 
of J1883). ^ ' 

Preparation.— Finely powdered fl-naphthol 
is stirred into 4 times its weight of sulphuric 
acid without cooling and the product heated 
at 120° with continuous stirring until a sample, 
on the addition of sodium nitrite in excess, no 
longer gives the red colouration chjjracteristio 
of y8-naphthol-6-sulplionic acid. It is then 
converted through the calcium into the sodium 
salt which from a concentrated solution is 
precipitated as acid sodium salt by saturation 
with common salt, dr in tlio dry state is ex- 
tracted by alcohol to remove 6 ; 8-di8ulphonato 
or other impurities, R-salt being practically 
insoluble in this solvent {rf. Rochst, l.c.}. 
Alternatively, the greater part of the R-acid 
in the product may bo separated as the crystal- 
line sodium salt by pouring the sulplionation 
ineli into brine, the mother liquor retaining 
the 6 : 8-salt witli the remamdor of the R-salt 
(Beyer and Kegel, l.c.). 

Identification. — The acid forms silky, de- 
lique.seent needles, very soluble in water or alco- 
hol ; the barium salt BaA + 6H2(), needles 
soluble m 12 parte of boiling water, but insoluble 
in alcohol ; the sodium salt, aggregates of 
ramute needles readily soluble m cold water, 
but only sparingly so in* alcohol or in brine. 
In aqueous solution the salts show a bluish- 
green fluorescenc.e (Gric.ss, l.c.). llio readily 
soluble ahimininm salt lias been introduced 
as an antiseptic and astringent under the name 
‘Alumnol’ (llocbst, D. R.-P. 74209; Eng. P. 
10668 of 1892). 

Reactions . — It couples readily with diazotised 
bases and is an important comjionent of azo- 
dyes. With nitrous acid the 1 -lu/mio-derivative 
IS formed. By sulplionation with 20 p^c.« 
auhydio-acid, it is converted into 
3:6: H4nsvlphonic acid. Heated with dilute 
(20 p.c.) mineral acids it is not hydrolysed at 
the boihng-point (cf. Bayer, D. R.-P. 77696), 
althou)|h at higher tempcratiireuS or by means 
of sodium amalgam in the cold, it reverts to 
B-naphthol-0-sulphonic acid (Friedlander and 
Liicht, Ber. 1893, 26, 3029). By the bisulphite 
reaction or when heateS with ammonia under 
pressure, it yields ^-naphthylammc-Z : 0-disul- 
phonic acid. Fused with caustic soda at 220°- 
240°, it gives 2 : '■i-dihydroxympJithalenoO-sul- 
phonic acid. 

, (iv.) j6-Naphthol-3 : 7-disulphonic acid {)S- 

naphthol-[b-]disul 2 }honic acid ; ¥-acid), formed 
when sodium )S-iiaphthol-7-8ulphonate is heated 
either with twice its weight of sulphuric acid 
at 120° for about 12 hours (Cassella, D. R.-P. 
44079 ; Eng. P. 8265 of 1887), or with 3-4 times 
its weight of the acid on a water-bath (Dressel 
and Kothe, Ber. 1894, 27, 1206), can also be 
obtained by partial hydrolysis of ^-naphthol- 
1:3; 7-trisulphoiiic acid with 10 p.c. hydro- 
ohlorio acid (Bayer, D. R.-P. 78569, Eng. P, 
17141 of 1893 ; Dressel and Kothe, l.c.). 

„ Identijicaiion. — The bariummit BaA-f 2JIH2O, 
forms small prisms soluble in 186 parts of boil- 
ing water ; the sodium salt NaaA is soluble in 
100 parts of 80 p.c. alcohol and very soluble in 
water, the solution showing green fluorescence 
(Cassella, l.c.\ Weinberg, B^r. 1887, 20, 2911). 

Reactions. — It couples with diazotised bases 
forming azo- dyes. By sulphonation with 25 p.c. 

2 I 
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anhydro- acid at 80°-90° it is converted into )S- 
naphthoUl : 3 ; 1-trisulphonic acid. Heated with 
dilute (20 p.c.) numeral acids it is not hydrolysed 
at the boiling-point (c/. Bayer, D. 11. -P. 77596 ; 
Eng. P. 1063 of 1894), but at higher tempera- 
tures regenerates ^-naphihol-1 -sulphonic acid. 
By the bisulphite reaction or when heated with 
25 p.c. ammonia solution at 200° it yields 
naphthyla'minc~\i : 1 -dimlphonic acid. Fused 
with caustic alkah it gives 2 : 1 -dihydroxi/naph- 
iJialenc-'S-sitlphon ic acid. 

(v.) jS-Naphthol 4 : 7-disulphonic acid has 
been prepared by boiling diazotised ^-najdithyl- 
araine-4 : 7-disulphonic acid with w'ater, but its* 
salts have not been described. When heated 
with amline and anihne hydrochloiide at 150°- 
170“ it is converted into diphenyl-] : ’^-diamrno- 
ruipliihalenc-^t-fiulphornr acid (Bayer, 1). K.-P. 
77866 ; Eng. P. 16780 of 1893). 

(vi.) jS-Naphthol 4 : 8-disuJphonic acid (P- 
acid) 18 obtained from ^-na])hthylaniine-4 : 8- 
disulphonic acid by the diazo-reaetion. The 
calcium salt forms jirisms ; the solution of the 
sodium salt shows blue fluort'scence (Cassella, 
1). K.-P. 65997). 

Reactions — in coneentiated solution it 
couples with diazotised bases forming azo- 
dyes. On desuljihonation by means of zinc-dust 
and boiling dilute caustic soda solution, it 
yields both ^-naphlhol-4- and H-sulphonic acids 
(Kallo, 1). K.-P. 233934), Digestion with 

aniline and anilme hydrochloride at 150"- 170“ 
converts it into dqdiaiyl-i : ',]-diannnomiphthal- 
ene-5-sulphonic acid. 

(vii.) ^-Naphthol -5 : 7-disulphonic acid has 
been prepared from ^-naphthylamino-5 : 7- 
disulplionic acid by the bisiiljihiti! method 
(Bucherer, J. pr. Chem. 1904, [ii.] 70, 347 ; 
.Badische, D. K.-P. 134401 ; v. p. 416). No 
description of the acid has been ])ublished. 

(viii.) )3-Naphthol-6 ; 8-disulphonic acia {fi- 
naphihol-[y-]dis'ulpJionic acid; G-actd; Y-acid 
of some English patents ; also known as )3- 
naphthol-[^-]disulphonic acid when mixcP w'lth 
some K-acid, cf. Griess, Her. 1880, 13, 1956), is 
formed as chief product when a mixture of fi- 
naphthol either with 6 parts of suljihuric acid 
at 0° is gradually heafed to 60" in the course 
of 36 hours, or with 4 parts of acid is main- 
tained at 60° during 48 hours or at 20“ during 
8-10 days (Hochst, D. K.-P. 36491 ; Guns and 
Hoffmann, Eng. P. 816 of 1884); or when j8- 
naphthol-8-8ulphonic acid, mixed with 3 times 
its weight of sulphuric acid, is either heated 
at 40“-60° during 6-6 hours or left at 25“ for 8- 10 
days (Gans and Hoifmann, l.c.). It has been 
prepared from y8-naplithylamine-6 : 8-disul- 
phonic acid by the diazo-rcaction (Gans & Co., 
h. R.-P. 36019 ; Eng. P. 816 of 1884). 

Preparation . — Finely powdered ^-naphthol 
is added slowdy to 3 times its weight of mono- 
hydrate, the temperature being kept below 
35“ by coolmg and the mixture stirred con- 
tinuously at this temperature during many 
hours until a test with a small quantity of water 
no longer gives a precipitate of yS-naphthol. 
Poured into a relatively small volume of water, 
the product is converted through the calcium 
into the potassium salt and the filtrate after 
concentration to a small bulk then rendered 
acid by hydrochloric acid added in excess to 
achieve separation of the G- constituent as acid 


potassium salt from the more soluble R-salt 
which can be salted out from the filtrate. The 
weight of R-salt isolated is about equal to that 
of the jf?-naphthol sulphonated, while that of the 
G-salt IS about 10 p.c. more (cf. Fierz-David, 
Dye Chemistry, p, 34). Or the sulphonation 
jiroduct may be purified by taking advantage of 
the fact that G-acicl, like the 8-monosulphonic 
acid, couples less readily with diazo- compounds 
than the accompanying Schaffer and K-acids. 
The process consists in adding to an alkahne 
.solution of the sodium salt the quantity of diazo- 
eompoiiiid calculated from a test, and salting out 
the azo-dye ; the filtrate contains the sodium 
salt of technically pure G-acid (Hochst, l.c.). 

Identification. — With the exception of the 
potassium salt ivhich dissolves in 2*5 parts of 
boiling w ater, tlie salts of pure G-acid are much 
more soluble in water than the corresponding R- 
or jSihalTer salts, the first (incom])lete) separa- 
tion of (i- from K-acid being achieved by frac- 
tional cry.stalh.sation of the mixed barium salts 
(Griess, l.c.). 

Reactions . — It couples only slowly and in 
conci'iitrated solutions with diazotised bases, 
but is an imiiortant source of azo- dyc‘S. By 
suljjhoiiatioii w’ltl) 20 p.c. anhydro- acid it is 
converted into ^-nnphthol-Z ; 6 : S-irisulphonic 
acid. Heated with dilute (20 p.c.) mineral 
acids, it is not hydrolysed at the boiling-point 
{cf. Bayer, D. K,.-P.‘ 77696), but at higher 
temperatures or by mean.s of sodium amalgam 
in the cold furni.shes ^-naphfhol-i'i-svlphonic acid 
(Friedlander and Liicht, Ber. 1893, 26, 3032). 

I By th(' bisulphite method or when heated with 
ammonia under pressure, it yickks ^-naphthyl- 
am i wc-6 : H-disvlji/ionic ac id. Fused with caustic 
soda at 200"-230“ it gives 1 : I -dihydroxynciph- 
thalene-W-sidphonic acid, but at 2G0“-320° 
hydroxyloluic acid (Hoclist, D. K.-P. 81333). 

)9-NAriiTHOLTRisul,PHONic Acids. 

(i.) j8-Naphthol-l : 3 : 7-trisulphonic acid is 
prepared by sulphonating either ^-naphthol-7- 
siilphonic acid or y6-naphthol-3 : 7-disulphonic 
acid w'ith 25 p.c. anhydro- acid at 80“-90° 
(Bayer, J). K.-l*. 78569 ; Eng. P. 17141 of 1893 ; 
Drt^ssel and Kothe, Ber. 1894, 27, 1207). 

Identification.— The. barium salt is easily 
soluble; th\i sodium salt Nag A is very soluble 
in w'atcr, but only spanngly so in alcohol, gives 
wuth Brric chloride a violet colouration and in 
alkahne solution shows a bluish-green fluor- 
escence. It does not couple with diazotised 
ba^'s (Dres.sel and Kothe, l.c.). 

Reactions. — By sulphonation with 40 p.c. 
aiihydro-acid at i20“-130“ it is converted into 
B-naphthol-l : 3 : 6 : 1 -ietrasulphonic acid ; when 
boiled with dilute (10 p.c.) mineral acids, it 
reverts to ^-naphthol-^ : I -disulphonic acid. 
Dige.stion with 25 p.c. ammoma at 190“ converts 
it into ^-nuphthylamine-1 : 3 : 1 -trisulphonic acid. 

(li.) )3-Naphthol-3 : 6 : 7-trIsulphonlc acid, ob- 
tamed from ^-naphthylamine-3 : 5 : 7'tri8ul- 
phonic acid by the diazo-reaetion, couples with 
diazotised bases forming azo- dyes (Dressel and 
Kothe, Ber. 1894, 27, 1203). 

(hi.) j8-Naphthol-3 : 6 : 7-trisulphonlc acid is 
formed either from ^-naphthol-1 ; 3 : 6 : 7'tetra- 
Biilphonic acid by boiling it with Ivater or dilute 
acids (Bayer, D. K.-P. 78569; Eng. P. 17141 of 
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1893 ; Dressel and Kothe, Ber. 1894, 27, 1209), 
or from ^-naphthylaraine-3 : 6 : T-triaulphonio 
acid by the diazo- reaction (Dresscl and Kothe, 
lx.). 

Identification. — The barium salt is gelatinous ; 
the sodium salt Na 3 A, in needles, is less soluble 
than its isomerides m water, brine or alcohol, 
gives a violet colouration with ferric chloride, 
and shows in alkaline solution a bluish-green 
fluorosconce. 

Redactions. — It couples in alkaline solution 
with diazotised bases forming azo- dyes, but in 
neutral or acid solution ootnbmea with tetrazo- 
dorivatives of the dijihenyl senes forming salts 
(Bayer, D. R.-P. 921(i9 ; Eng. P. 8995 of 1895). 
When heated with 25 p.c. ammonia solution it 
yields ^-naphthylamine-W : 0 : T-trisu I phonic acid. 
It is not hydrolysed by dilute acids. Digestion 
with 69 p.c. caustic soda solution at 22()°~300'-’ 
converts it into 2 ; ’l-dih/droxynaphlhalene-Z : 0- 
disulphonic acid. 

(iv.) /3-NaphthoI-3 .- 9 : 8 trisulphonic acid has 

been prepared by stirring ^-naphthol with 
4-5^ times its weight of 20 p.c. anliydro- acid at 
140'’--160° until a tost giv(*s with ammonia a 
solution showing a pure gns'ii fluorescence, or 
in alkaline solution with diazotised xylidine fur- 
nishes an azo- dye only aftoi sometiiiK' (Meldola, 
Eng. P. 1804 of 1879; Hochst, D R.-P. 22038; 
Eng. P. 2544 of 1882) ; or by luxating it with 40 
p.c. anhydro- acid at 90"-l'20'^ (Nietzki, Chem. 
Zoit. 1891, 15, 290); or by stirring it into 3 
times its weight of monohydVate, and, after add- 
ing an equal wi'ight of 40 ji.c. anliydro- acid, 
heating the mixture at 125'" for 2 hours, then 
adding brine to sopai’ate out the acid sodium salt 
(Levinstein, Eng. P. 700 of 1 883), Or )3-naphthol 
may be replaced by yS-naiilithol-O- or 8 -ill on o- 
sulphonic acid, or ^-na])hthol-3 : (5- or 0 : 8-di- 
sulphonic acid (cf. Levinstein, l.c.; Ber 1883, 
16, 462 ; Limpach, ibid. 726). 

By Nictzki’s process a crystallini' pow'dcr is 
obtained when the melt is mixed with 3 times 
its weight of ice. This is considered to be a 
2 : 3-aiihydridc or an It one. In solution it is 
non-fluorescent , and does not give a colouration 
with ferric chloride. Alkalis convert it into 
salts of the trisulphonic acid, which wdth ferwe 
cliloride give a violet colouration, and in alkaHne 
solution show a yollowisli-grcen tkiorcsceiice 
(Nietzki, l.c.). 

Reactions . — It couples with diazotised Jiases 
forming azo- dyes. Desuljihonatcd by sodium 
amalgam in tlie cold it reverts to B-naphthol~ 

^ : ^-disulphonic acid (Bayer, D. R.-P. 255724; 
Eng. P. 28172 of 1911) When heated with 
ammonia at 200^^-250'" it yields ^-naphthylamine- 
3:6: ^-trisulphonic acid. By fusion with caustic 
alkali at 220°-230‘' it gives a mixture ofl:7- 
dihydroxy naphthalene-^ : G-disulphoiHc and 2 : 3- 
dihydroxyna'pUhalent-G : S-disulphonic acids. 

)S-Naphtholtetrasulphonic Acid, 
)3-NaphthoM : 3 : 6 : 7-tetrasulphonic acid is 
obtained by the sulphonation of y8-naphthol-7- 
sulphonic, or 3 : 7-di8ulphonic, or 1:3: 7 -tri- 
sulphonic acid with 40 p.c. anhydro- acid at 
120°-130°, but undergoes desulphonation unless 
care be takep tojprevent the solution of the m^lt 
in water, so long as it is acid, becoming warm 
(Bayer, D. P. Anm. F. 6991 ; Eng. P. 17141 


of 1893; Dreasel and Kothe, Ber. 1894. 27. 
1203). * 

Identification. — -The barium salt is a very 
sparingly soluble sandy powder; the sodium 
salt Na 4 A is easily soluble m water but insoluble 
in alcohol, and in alkaline solution shows a bluish- 
green fluorescence. It does not couple with di- 
azotised bases. * 

Digestion with 25 p.c. ammonia 
solution at 180*" converts it into jS-naphthylamine- 
1:3:0: 1 -klrasidphonic acid. When' boiled 
with dilute mineral m-ids it yields ^-mphthol- 
C : 0 : 1 -trisulphonic acid. 

(.hfLORO NAPllTHOL. 

Introductory. —When clilorinated, 5-naphthol 
furni.shes l-rhloro-fi-miphthol, followed by the 
additive compounds, dichloro-^-keto- and tetra- 
chloro-fi-kctonaphthub ne (Zmeke and Keirel. Ber. 
1888, 21, 3378). 

1-Chloro-^-naphthoI, obtained by chlorinating 
^-naphthol in acetic acid solution (Cleve, Be^ 
1888, 21, 895), or, better, by the action of hypo- 
chlorous acid in mol. prop, on ^-naphthol dis- 
solved m alkali (Kalle, I). R.-p. 168824), forms 
monoclinic crystals, m.p. 70*"-7D. 

• 

Nituoso-)S-naphthols. 

( Naphlhdaquinoneoxinies. ) 

N ITRO ■ )9- N A PHTH OLS . 

(i.) l-Nitro-^-naphthol is produced when 1- 
nitroso-^-naphthol is oxidised by dilute nitric 
acid (Stonhouso and Droves, Chem. Soc. Trans. 
1877, 32, 51 ; cf. Hewitt and Mitchell, ibtd. 
1900, 89, 1172) ; or when aeetyl-l-nitro-yg-naph- 
thylaminc is boiled ivith p.c, caustic soda 
.solution (Liebermann and Jacobson, Annalen, 
1882, 211, 4(i) ; or when a-nitronaplithalono is 
heated at 50"~()(P w'llh 20 times its weight of 
pulverised caustic soda(Wohl, D. R.-P. 116790 ; 
cf. Wohl and Aue, Ber. 1901, 34, 2444). It 
forms yellow' needles, m.p. 103'" ; its sodium salt, 
red needless ; ethyl ether, yellow needles, m.p. 
103°- 104° (Wittkampf, IW. 1884, 17, 394), and 
acetate, colourless needles, m.p. 01° (Botteher. 
Ber. 1883, 10, 1938). 

(ii.) 4-Nitro-B-naphthoI, obtained from 2:4- 
dinitro-a-naphtliylamine by heating the derived 
1 -diazo-2-oxide with powdered aluminium and 
alcohol, forms yellow needles, m.p. ] 20°, is much 
less easily alkylated than ^-naphthol and couples 
more slowly wdth diazotised bases (Morgan and 
Evens, Chem. Soc. Trans. 1919, 115, 1132; 
Morgan and Brit. Dyestuffs Corp., Brit. P!^ 
152437). 

(iii.) 5-Nitro-^-naphthol, prepared from 6- 
nitro-^-naphthylamme by the diazo- reaction, 
crystallises from water in yellow needles, m.p. 
147°. The salts are reddish-yellow and easi^ 
soluble ; the ethyl ether forms yellow needles, 
m.p. 116° (Fricdlander and Bzymanski, Ber. 
1892, 25, 2079). 

(iv.) 8-Nltro-/8-naphthol, obtained from the 
ethyl ether by hydrolysis with hydrochloric acid 
at 160° (Daess, J. pr. Chem. 1891, [ii.] 44, 614), or 
from 8-nitro-)9-naphthylamme by the diazo- re- 
action (Fricdlander and Szymanski, Ber. 1892, 
25, 2082), forms deep yellow needles, m.p. 144°I 
146°. The ethyl ether, prepared by nitration of 
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jS-ethoxynaphthalone, forms long golden-yellow 
needles, m.p. 72'’-73° {Gacss, J. pr. Chem. 1831, 
[ii.] 43, 25), and^the acetate, needles, m.p. 101°- 
102° {Gaess, ibid. 1892, [ii.] 45, 0J6). 

Dinitro-)3-napiithol. 

J : G-DinitrO')9-naphthol is formed from ^8- 
naphthol by nitration in alcoholic solutnin 
(Wallach and Wichelhaiis, Bor. 1870, 3, 84()), or 
by means of nitrous fumes* in cold etlieieal 
solution (Schmidt, Bcr. 1900, 33, 324(>) ; or by 
boiling dmzotised j3-naph^hylanunc with dilute 
nitric acid (Grache and Drews, Ber. 1884, 17,’ 
1170), or by allowing a solution of 1-nitro-l- 
brorao-2-ketodihydroiuiphthalcnc in acetic acid 
to remain in the cold for some days (Fries, 
Annalen, 1912, 389, 317). 

Properties. — it crystallises in yellow needh's, 
m.p. 195°; the potassium siflt KA-J 2tDO, in 
sparingly soluble needles ; and the ethifl ether, 
in yellow needles, m.j). 144 ’ (Gaess, J. ]>r. Gheni. 
1891, [li.] 43, 29). It dyes wool and silk yellow. 
When heated w^ith alcoholic ammonia at 150”- 
100°, it yields l-JUdimti o- ^•wiphthi/lamine (Kehr- 
mann and Matis, Ber. 1898, 31, 2411>). 

The 8-8 ul phonic acid {ennein yellow) is 
produced by warmpig sodium ^-naphthol-8- 
sulphonate with (.hlute nitric acid at 30°-40° 
until nitration is comploti! (Bayer, 1). li.-B. 
18027; Eng. B. 1225 of 1881; Nictzki and 
Zubelen, Bcr. 1889, 22, 454). The potassium 
salt KA forms yellow needles, and the basic 
potassium salt sparingly soluble, yellow 

scales. It dyes wool yellow, but has little 
tinctorial power. 

‘ VIL Aminohydroxy- Derivatives. 

Introductory. — All the fourteen isomeric 
aminonaphthols, the existence of which is 
deducible from the iiaphthaleue formula, have 
been prepared and are obtained by ^nethods 
that usually afford evidence of their structure. 
Summarised, these methods are — 

(1) Reduction of the corresponding nitro- 
iiaphthols ; 

(2) Reduction of nitroso- or azo- derivatives 
of a- or d-naphthol ; 

(3) kVsion of a- or /l-na]»hthylaminomono- 
Bulphonic acids with caustic alkali, a-naphthyl- 
amine-4-8ulphonic acid being an cxeejitioii, as 
it furnishes a-naphthol-4-sulphonic acid undei* 
these conditions ; 

(4) Fusion of naplitholmonosulphoiiic acids 
with sodamide ; 

(5) Interaction of dihydroxyiiajihthalenes 
with ammonia, or with ammonium bisulphite 
and ammonia. 

The sodamide reaction, although the only 
method for the direct conversion of naphthol- 
monosulphonic acids into aminonaphthols, fur- 
nishes but two examples of this replacement 
of the SOgll by the NHj radicle — viz. the con- 
version of a-naphthol-5- and S-sulphonic acid 
into 5-araino- and 8-amino-a-naphthol respec- 
tively. From the two naphthols, 5-amino-a- 
and 6-amino-j3-naphthol are obtained, and 5- 
amino-jj^-naphthol is also the product when 
naphthbl-6-« 7-,^ or 8 sulphonic acid is fused with 

* /J-Naphthol-z-snlphotiie acid yields both 7-umino- 
and d-amlno-/3-naphthol (Sacha, l.c.). 


sodamide owing to jS-naphthol being formed at 



H.N 


an intermediate stage in the reaction (Sachs, 
Ber. 1906, 39, 3010). 

The aniinonaphtliols are basic compounds 
forming salts w ith acids ; but, iievertheleBS, dis- 
solve readily in alkalis. In solution, or in the 
nioi.st state, they are readily oxidised in the air, 
and those wdiich contain the radicles relatively 
in 1 : 2- or J : 4- positions form naphthaqiiinones 
on oxidation with feme chloride, chromic acid, 
or nitrous acid in acid solution. 

By condensation with certain acyl chlorides — 
benzoyl chloride and its chloro-, dichlc ro , nitro-, 
and chloronitro- derivatives ; salicylsulphonyl 
chloride ; 2-hydroxy-3-naphthoyl chloride — a 
series of compounds has been obtained, chiefly 
fiom l-amino-7-naphthol, for use in the pro- 
duction of azo- dyes— 

CO.H 

nhco<:>:n(), 


noAA 

iiOjAA 

VV 

VV 

J 


NH— (X)AA 

HO A A 


VV 

ITI 


Th(‘ substituted biuizoyl derivatives of 1-amino- 
7-naphthol (1) are crystalline, have definite 
m.ps. and couple in alkaline solution (Badischc, 
D.R.-P. 283742, 295991, 297414; Eng. P. 13456 
of 1914; 8958 of 1915). On reduction with 
sodium bisulphite, the mtrobenzoyl derivatives 
furnish sulphamxno- compounds which not only 
cou])lc but, by elimination of the SO3H radicle 
on treatment with nitrous acid in the cold, can 
be diazotised (Bayer, I). Ik-P. 233117). 

The salii^ylsuiphamino- derivatives of 1- 
amino-7-iiaphthol, m.p. 257°-258° (II), and 
2-y.niiuo-7-naphthol, m.p. 217°-218°, couple 
easily w'ith diazotised bases (Bayer, D. R.-P. 
274081, 27t^331 ; Eng. P. 3795 of 1914). 

Substituted amides of 2-hydroxy-3-naphthoic 
acid (III ) have been obtained from all the amino- 
naph^hols except the 1:2-, 2 : 3- and 1 : 8- 
isomcrides ; they arc taken up by unmordanted 
cotton and can be coupled with para- red on the 
fil5re (Bayer, D. R.-B. 284997). 

Aminonaphthols. ® 

NHg (i.) l-Amino-2-naphthol {i-amino- 
A Aott IS formed when l-nitroso- 

[ j I ^-naphthol is reduced by ammonium 

V v sulphide (Stenhouso and Groves, 

* lu this section, which incliiiles the anfinonaph- 
thols, aminouaphtholsuiphonic acids, and diamino- 
naphtliols, a departure is made from the rule that the 
numbering indicates the position occupied by the 
substituted group (NRjj) relatively to the cliaracteristio 
radicle (OH) ot the substance (naphthol) in which 
Butistitution is supposed by the name (amlnonaphthol) 
to have occurred. Tills departure has been made to 
i av5id confusion when Gkirman Patents, in which the 
numbering is given with reference to^he amhio-group, 
are consulted. The alternative numbering, based on 
1 the rule, is given in brackets. 
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Chem. Soo. Trans. 1877, 32, 52), or by stannous 
chloride (Groves, ibid. 1884, 46, 296 ; Paul, 
Z. angew. Chem. 1897, 10, 48) ; or when 1-nitro- 
^-naphthol is reduced by tin and hydrochloric 
acid (Jacobson, Ber. 1881, 14, 806; Zinckc, 
Annalen, 1892, 268, 273). 

Preferably, it is obtained when benzeneazo- 
;8-naphthol (Lieberraann, Bor. 1883, 16, 286; 
Groves, lx.), orange II (Lieberniann, Ber. 1881, 
14, 1311; Witt, Ber. 1888, 21, 3472 ; Grand- 
mougin and Michel, Ber. 1892, 25, 981 ; Kiissig, 
d. pr. Chem. 1900, [ii.| 62, 55; Paul, lx. 24), 
or other azo- derivatives of ^-naphthol are 
reduced either by stannous chloride and hydro- 
chloric acid or (Giandmougin, Ber. 190<), 39, 
2495) by sodium hypo(hydro)sulphite. Its pro- 
duction electrolytically from Orange II has been 
described (Bochringer[ B. R.-P. 121835 ; Kng. P. 
13542 of 1900), and it can be obtained from its 
4-8u]phonio acid by means of sodnini amalgam 
(Friedlander and Reinhardt,, Ber. 1894, 27, 241). 

Properties. — It forms scales, sjiaringljf soluble 
in boiling water, and in alkaline or ammoniacal 
solution rapidly becomes brown on exposure 
to air. The hydrothloruh IPHtU forms needles 
(Jacobson, Ic.); N-rirr/v/ derivativii seales, ■ 
m.p. 235" (Mielu'l and Giandm.nigin, Ber. 1892, | 
25, 3433); diacJyl derivative, m.p. 116" 
(Grandmougin, l.c.) ; dibvnzoyl derivative, silky 
needles, m.p. 235-5 (Sachs, Ber 1906, 39, 3024) ; 
and ethyl ether, prisms, m.p. 5i b.p. 300"-.302" 
(Cassella, D. P. Anm. C. 2883 ; Gaess, J. pr. 
Chem. 1891, [ii.] 43, 27 ; Paul, Z. angew. Chem. 
1896, 9, 620). 

Reactions. — It couples in acetic acid solution 
with diazotised bases forming azo- dyes 
(Aktienges., 1). R.-P. 77256; Eng. P. 13833 of 
1893). With nitrmis acid in the presence of 
mineral acids diazotlsation does not occur, 
although in neutral solution with cojiper .salts 
present, naphthalcne-\-dmzo-2-oxulc is obtained 
(V. p. 418). By ferric chloride and other 
acid oxidising agents, it is converted into f^-] 
iiaphthaqmnone {cf. Grandmougin and Michel, 
l.c., 982). 

(ii.) l-Araino-3-naphthoP {i-amino-^-naph- 
tliol) is formc/d vdien a-naiththyIamine-3-8ul- 
phomc acid is fused with caustic potash at 
250°-260‘' (Friedlander, Ber. 1895, 28, 195^) or 
4-nitro-)3-naphthol is reduced by tii^and hydro- 
chloric acid (Morgan and Evens, Chem, 8oc. 
Trans. 1919, 115, 11.33). 

Properties. — It crystallises in needlfti, de- 
comp. at 186°, is sparingly soluble in water, gives 
a violet-brown colouration with feme chloride, 
and yields easily soluble salts. The '^-acetyl 
derivative forms needles, m.p. 179° (Friedlander, 
l.c ) ; the dihenzoyl derivative scales, m.p. 309°- 
310° (Sachs, Ber. 1906, 39, 3024). 

Reactions . — It couples readdy with diazotised 
bases and with nitrous acid gives an unstable , 
diazO’ compound. By prolonged boihng with 
acidified water, 1 : i-dihudrohjnaphihalene is 
formed. When heated with aqueous ammonia, ; 
it is converted into 1 : W-diaminonaphthalene. On i 
sulphonation with monohydrate at the ordinary | 
temperature, it yields l-ammo-?i-najihlhol-^-8ul- 
phonic acid. 

^ The ‘ ay-aminonaphthol ’ obtained from p- 
naphthylamine by nitration, diazotisation and reduc- 
tion (Qesellsch., d. R.-P. 55059), was probably a mixture 
of l-amlno-6- and l-amino-T-naphthol {cf. Friedlander 
and Szymanski, Ber. 1892, 25, 2076). 


j (iii.) 1 -Amino •4-nftphthol {‘^-atnino-a-naph- 
I Ihol) can be prepared from 4-nitro80-a-naphthol 
! (Grandmougin and Michel, Ber 1892, 25, 976) ; 

I or from 4-nitro-a-naphthol (Liebermann and 
Dittler, Annalen, 1876, 183, 247); or from 
a-naphthol -orange (Liebermann and Jacobson, 
Annalen, 1882, 211, 61 ; Seidel, Ber. 1892, 26, 
423 ; Russig, J. pr. Chem. 1900, [ii.]'62, 30) or 
other /jum-azo- derivatives of a-naphtho), by 
reduction with stannous chloride and hydro 
chloric acid. It fs also formed when 4-amino-a- 
naphthol-2-earbox3dij acid is heated at 230°, 
(Carbon dioxide being eliminated (Nietzki and 
Guitermami, Ber. 1887, 20, 1276). 

Properhoi. — It crystallises in very soluble 
j needles, wliicli, when moist, rapidly become blue 
on exiiosure to the air ; its salts arc easily 
soil! ble. The N -formyl derivative forms rosettes, 
m.p. 168" (Gaess, ]>. R.-P. 149022); thoN-aedy/ 
derivative, erysta.s, m.p. 1 78° (Kehrmann and 
Kissirie, Ber. 1914, 47, .3098); the diacriyr de- 
rivative, prisma, m.p. 158 ’ (Grandmougin and 
Michel, lx.); the dibcvzoyl derivative, rhombic 
crystals, m.p. 215° (.Sachs, Ber. 1906, 39, .3026); 
the -dimethyl derivative, prisms, m.p. 113° 
(I'ruMllander and Lagodzmski, r/. .1. Soc. Chem. 
Ind. 1897, 16, 793) ; and tlie cM?// ether, needles, 
m p. 96° (Heermann, .1. piw Chem. 1892, [ii.] 46, 
645 ; rf. Ca.«sell.a, 1). P. Anm C. 2883). 

Reaeiions. — Oxidising agents, including 
nitrous acid [ej. Badischc, B. R.-P. 55404) con- 
vert it into ya-^iutphthaquinme. It does not 
couple With diazotised bases. Its hydrochloride 
when heated with methyl or ethyl alcohol under 
pressure at 170°- 1 80° forms mojwalhjl ether 
of 1 : 4^-dihydroxyn(J^}hlhalene. On sulphonation 
with 10 p.c. anhydro- acid at 30°-40°, it gives 
l-amivo-i-nnphlhol-\]-svlpho'nic acid. 

1 - A c e t y 1 a m 1 n o-4-n a ]> b t h ol {naphthacetol)* 
obtained by acetylatmg the hydrochloride in 
; presence of sodium acetate (Witt, B. R.-P. 
90596; Eng. P. 20676 of 1896; Witt and 
Bedicluui, Ber. 1896, 29, 2948) or by shakmg 
I diacet3d-l-amino-4-naphthol with caustic soda 
1 solution (Kehrmann and Kissine, Ber. 1914, 47, 

, 3007) 401-1118 needles, m.j). 187° (W. and 1).), 

I 178° (K. and K.), modoratelv soluble in warm 
I water, and couples in alkaline solution with 
I diazotised bases, giving ortho-«zo- dyes. The 
ethyl ether (naphth aeetin) forms needles, 

I m.p. 189°, almost insoluble in water but soluble 
I in 7-4 parts of boihng alcohol (Henriques, Ber. 

^ 1892, 25, 3060 ; Heermann, l.c.). 

(iv.) l-Ainino-5-naphthoI {b-amino-a-naph- 
thol) can bo obtained from a-naphthylamine-5- 
sulphonic acid by digestion with 60 p.c. caustic 
soda solution at 240°-250° (Akticngcs., B. R.-#*. 
49448 ; cf. Friedlander and Lagodzinski, J. Soc. 
Chem. Ind. 1897, 16, 793); or from 1 : 6-di- 
aminonaphthalerio either by digestion with 
dilute mineral acids under pressure {cf. Aktienges., 
1). P. Anm. A. 4029), or, in 80 p.c. yield, by the 
bisulphite method (Bucherer, J. pr. Chem, 1904, 
[ji,| 69, 84; v. p, 416). It is also formed from 
a-naphthol, or from a-naphthol -5-sulphoiiio acid 
by fusion with sodarnide and naphthalene at 
190° or 230° rcsiiectively (Sachs, D. R.-P. 
173522, 181.333; Eng. P. 22412 of 1906; Ber. 
1906, 39, 3018). 

Properties. — In alkaline solution it undergoes 
little change on exposure to the air. The hydro- 
chloride is crystalline,’ the dibenzoyl derivative 
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forms rhombic scales, m.p. 276° (Sachs, lx.), 
and the l^ dimeihyl derivative, hexagonal tahjets, 
m.p. 112° (Gcg^ilsch., D. K.-P. 60142; Fiias- 
gangor, Per. 1802, 25, 979). 

R(>uctionfi. — It can he djazotised (r/. Bayer, 
1). R.-P. 79166) and it couples in acid or alkaline 
solution with diazotised bases forming monoazo- 
dyps. The azo- dye obtained by coupling it 
with diazotised a-naphthylamine-4-Bulphonic 
acid is not nid, as is the case with its isomendes, 
but cornflower-blue in colour (Sachs, /.r.). By 
prolonged heating with 4^]).e. hydrochlitric acid 
at 180° or by the bisiiljihite method 1 : 5-rfv 
hydroxymiphliiah no is obtaitu^d ; but 1:6- 
dmminonnphthahno is the product if in the 
latter process ammonium bisulphite is used 
instead of the sodium salt. With sulphuric acid 
in the cold it gives \-a7rnno-l''t-imphih()l-i\-Hnl- 
jjhotnc arid, but with 23 ]).c. anhydro- acid at 
100° a disvljdumic acid. ' 

•(v.) l-Amino-O-naphthol {^-ammo-^-'naph- 
ihol) is formed w'hon 5-nitro-)3-naphthol is reduced 
by stannous chloiide and hydrochloric acid 
( fi’ricdlaiider and yzymanski, Bcr. 1892, 26, I 
2079) ; or when a-naphthylammc-O-sulphonic j 
acid IS fused with caustic alkali (Bayer, 1). Jt.-P. ! 
74060; Eng. I*. 116:13 of 1892); w when 1- ! 
amino-6-naphthol-4-f<ul])hoiiic acid interacts 
ivith sodium amalgam (Eriedlander and Kiid- 
basinski, Ber. 1896, 29, 1979). It is also formed 
when ^-najihthol, or ^-najihtholdi- or 8-sul- 
phonic acid is heated with sodaiiiide and naph- 
thalene at 230° (Sachs, 1). R.-P. 173622, 181:133 ; 
Eng. P. 22412 of 1906 ; Ber. 1906, 39, 30 Hi). 

Properties. — It crystallises in scale.s, m.p. 
186°, shows blue fluorescence in amnioniacal 
solution, rapidly darkens when moi.st on exposure 
to the air, and with ferric chloride gives a <laik 
violet colouration. The 'H -acetyl derivative 
forms noodles, m.p. 2I5°-216° (Kclirmann ami 
Benk, Ber. 1900, 33, 3296 ; Sachs. Ber. 190li, 
39, 3026) ; the diaceiyl tlerivative, m.p. 187° ; 
the ^-benzoyl derivative, needles, m.p. 162°; 
the dihenzoyi derivative, needles, m.]). 223° ; the 
picrate, yellow needles, m.p. 183° (Sachs, l.c.). 

Reactions, — Jt can be diazotised (Sachs, l.c.), 
and it coujiles in aQotic acid or in alkaline 
solution with diazotised bases (1 or 2 mols.) 
forming azo- dyes. 

(vi.) l-Amiho-7-naphthol {S-amino-^-v<ip}i- 
ihol) is obtained from 8-nitro-iS-na])hthol by 
reduction with stannous chloride and hydro- 
chloric acid (PTiedlander and Szymanski, Bcr. 
1892, 26, 2082) ; or from a-naphthylamme-7- 
sulphonic acid by digestion w ith 60 p c. caustic 
soda solution at 260° (Cassella, 1). R.-P. 69468 ; 
.^^Medlandor and Zmberg, Ber. 1896, 29, 41). 

Properties. — It crystallises from water in 
needles, m.p. 206° (Kehrmann and Engclkc, 
Ber. 1909, 42, 351 ; Cassella, l.c.), gives with 
ferric chloride a greenish-blue colouration, and 
in acid or alkaline solution shows blue fluor- 
escence. The N -acc/yi derivative forms tablets, 
m.p. 166° (Eriedlander and Zmberg, l.c.) ; the 
ISi-henzoyl derivative, crystals, m.p. 208°-209° 
(Badische, D. R.-P. 296991); the dihenzoyi 
derivative, needles, m.p. 208° (Sachs, Ber. 1906, 
39, 3026) ; and the ethyl ether, prisms, m.p. 67°, 
b.p. 316° (Gaess, J. pr. Chem. 1891, [ii.] 43, 28). 
For substituted N-aryi derivatives used in the 
production of azo- dyes, v. p. 484. 

Reactions. — It can be mazotised, and it 


i couples in acetic acid or in alkaline solution 
with diazotised bases (1 or 2 mols.) forming azo- 
dyes. With sulphuric acid at 20°-30°, it yields 
l-amino-l-nuphthol-{4:)-8ulphonic acid,, and at 
100°, or with anhydro- acid, a disulphonic acid. 

(vii.) l-Amino-S-naphthol {S-amino-a-naph- 
thol) can be prepared by fusing a-naphthylamino- 
8-sulphonic acid with caustic alkali at 230°-240° 
(Badische, I). R.-P. 56404, 62289 ; Eng. P. 9676 
of 1890; Fichter and Gageur, Ber. 1906, 39, 
3331) ; or from J : 8-diaminonaphthalcne either 
by heating it with dilute mineral acids under 
j pressure {cf. Aktienges., I). P. Anm. A. 4029), 
or by the bisul]>hite method (Bucherer, J. pr. 
(3iem. 1904, Jii.] 69, 58; v. p. 416); or by digest- 
ing J : 8-dianiinonaphthalene-4-sulphonic acid 
with 25 p.c. siil])hiiric acid, or l-amino-8- 
iiaphthol-5-8ulphonic acid with 20 p.c. sulphuric 
acid under pressure at 1 36° -140° (C'assella, 
1). B..-P. 7338J). it IS also formed when a- 
na])hthol-8-8iilphonic acid is heated with 
sodamide and naphthalene at 2.30" (ISachs, 
1). R.-P. 17:i522; Eng. P. 22412 of 1906; Ber. 
1906, :19, .3018). 

Properties. — It crystallises in needles, m.p. 
9.5°-97 ", is only sjiarmgly soluble in cold, and 
its sulphite m hot water (Badische, l.c. ; cf. 
b’ricdlandcr and iSilberstern, Monatsh. 1902, 23, 
516). The N-aceiyl derivative forms needles, 
m.p. H)8°-169°, and coujiIes with diazotised 
bases ; the diaceiyl derivative, needles, m.p. 

the '^-benzoyl derivative, needles, 
m.p. 193°- 194° (Fichter and Gageur, l.c.); the 
^-dimethyl derivative, hexagonal tablets, m.p. 
112° (Gcsellscli., t>. R.-P. 60142). 

Reactions. — It can be diazotised in dilute 
solid Kill, but in concentrated solution wuth excess 
of nitrite yields also an H-a 7 nvno-[^-]naphtha- 
(jinuoneoxmie m green needles (Fichter and 
Gageur, l.c. ; cf. Badische, D. R.-P. 62280). In 
alkaline solution it eoujiles with diazotised bases 
forming azo- dyes. Its Riilpbite, l-arnrno-S- 
naphihyl snlphile, formed by boiling it with 
sodium bisulphite solution (Bueherer, J. pr. 
Chem. 1904, [ii.] 69, 61), ean also be diazotised, 
and has been used for tlic production of azo- 
dves (Badische, I). R.-P. 120690; Eng. P. 
1.3664 of 1900; Bayer, I). R.-P. 21138J). With 
76, p.c. sulphuric acid at 130°-160°, it gives 1- 

a77i{no-H-nf{<ohtholl -sulphonic acid, but with 
sulphuric acid at 16°-20° a mixture of this acid 
with the b-sulphomc acid as chief jiroduct and 
at 10b° the 6 : 1 -disulphonic acid. 

(viii.) 2-Amlno-l-naphthol {2-amino-a-naph- 
thol) IS obtained by reducing 2-nitroso-a-naphthol 
with stannous chloride (Liebcrmann and Jacob- 
son, Annalen, 1882, 211, 56 ; Grandmougin and 
Michel, Ber. 1892, 25, 974); or 2-nitro.a- 
naphthol with tin and hydrochloric acid (Lieber- 
mann and Pittler, Annalen, 1876, 183, 248) ; 
or [)S-]naphthaqumonephenylhydrazone with 
sodium hypo(hydro^ulpliite (Grandmougin, Ber. 
1906, 39, 2496 ; cf. Zmeke and Rathgen, Ber. 
1886, 19, 2483). It is also formed from 2- 
ammo-l-naphthol-3- or 6-8ulphonic acid by- 
interaction with sodium amalgam (Gattennann 
and Schulze, Ber. 1897, 30, 61). 

Properties. — It crystallises in needles, and is 
only sparingly soluble in cold w'ater. When dis- 
solved in ammonia and shaken ^ith air it gives 
a green solution, on the surface of which a 
characteristic violet skin forms (Liebermann and 
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Jacobson, Lc.). The '^-hcdyl derivative forms Ber. 1906, 39, 3017), when jS-naphthol-T-sul- 
needles, m.p. 128°-129°, and couples with phonic acid is heated with sodamide and naph- 
diazotised bases ; the diacetyl derivative, needles, thalene at 230*" (Sachs, 1). R.-P. 173522 ■ Eng. P. 
m.p. 116° (Grandmougin, l.c.) ; the ethers can be 22412 of 1905). 


diazotised (Grandmougin and Michel, l.c.). 


Properties. — It crystallises in needles, m.p. 


Reactions. — Nitrous acid oxidises it to 201° (Franzen and Deibel, /.c., r/. Gesellsch., /.c.), 
[^•^napUhaquinone (Michel and Grandmougin, and is sparingly soluble in water. The 
ibid. 3430), but in presence of copper salts derivative fornis scales, in.]). 220° fKehrmann 
converts it in neutral solution into rMphlhaleite- and Wolff, Ber. 1900, 33, 1538) ; the dibenzoyl 
2-diazo-l-oxide {v. p. 418). On Hul])honation ilerivative, rieedlt\s, in.]). 187-5° (Sachs, l.c.) ; 
with 10 p.c. anhydro-acid at 40"-50" it furnishes the N-phenyl df-nvative, needles, m.p. 160° 
a monosulphovjc aad, Avhieh is either the 4- or (Kalle, I). R.-P. 60U)3 ; Fischer and hichiitte, 
the 5 -derivative (8andoz, 1>. R -P. 69228; Ber. 1893,26,3087); ihc^-srdicylsvlqdiamim- 
Reverdin and de la Harpc', Per. 189.3, 26, 1281). derivativi*, needle.s, m.p. 2i7°-218° (Bayer, 


(ix.) 2-Amino 3 naphthol {:\~amna)-P-naph- 
thol) IS formed from 2 : 3-dih v<lr()xyria])hthalene 


1). R.-P. 276.331). 

R((i( can be diazotised {cf. Bayer, 


either by heating it witli .30 ]).c. ammonia solu- D. R.-P. 761 (>6), and it coiifiles in acid or in 
tion under pressure at 140'’-i50'’ (Hochst, alk.iline solution with diazotised bases forming 

I) . R.-P. 73076; Fru'dlandm- and Zakrzew.ski, aco- dyes (r/. ( tassel l.i, 1). R.-P. 7] 329). By the 

Ber. 1894, 27, 763), or by the bisulphite reaction bi.siilp'hiti- method it yields 2 : l-dianiinonaph^ 
(Badischc, 1). It -P. 117471 ; Frig. P. 1.387 of tfudenv. With sidpliurie acid at 30”, it gives 

1900; V. j). 41 (i). It crystallises in needles, '2-annm-'l-naphihofdX : {\-di'ailphoHic acid, 

m.p. 2.34°, sparingly soluble in cold water, and 3'hc tiiniethylammom um chloride, 
its 'i^d)enzoql denvativc' in hexagonal scale.s, obtained by he.ating the aminoiiafihthol in alka- 
m.p. 23.3-5‘' (Sachs, Ber, PKIO, 39, 3024). liy line, alcoholic solution with methyl chloride under 

coupling it in alkaline solution with diazotised pn'ssure at 110°, couples with diazotised bases 

bases, dw/;:'o- dyes have been obtained (c/*. Bay ('I-, foiming azo- dyes (G-iugy, I). R.-P. 90310). 

J) . R.-P. 99468 ; Fng. P. 28090 ol 1897). ‘ (xiv ) 2-Am^ino-8-naplUhol il -amino-a-naph- 

(x.) 2-Amino-4-naphthol {li-ammo-a-no ph- thol). obtained (‘ither by fusing d-na])hthylamme- 
thol) has beim prepared by heating 1 : .3-dihy- 8-sulphouie acid with caustic alkali at 2*60°-270° 
droxynaphthalene w I th ammonia under piessuie (Bayer, I). P, Anm. F. 73.35; Eng. P. 5148 of 
at 1.30°- 1 40° Its hydiochloridi is sjiaiingly 1894), m by heating 1 : 7-dihydroxy-)3-na])hthoio 
soluble; its N-/)/n"a/// derivative forms needles, acid with ammonia at 170°- 180° (Friedhinder 
and is rapidly oxidised in alkaline solution to and Zinberg, Ber. 1896, 29, 40), crystallises in 
[a-]iia 2 ddha<{iini.()nr(vntL 'Plu' azo- dyes deiived scales, m.j). 158° (Bayer, l.c.), and its N-acetyl 
from it resemble closely those from 1 amino-3- derivative in needles, m.p. 2J0”-211° (Fried- 
naplithol (Fnedlandcr and Rudt, Ber. 1896, 29, lander and Zinbetg, /.c.). 

1612). Reactions. — It eoiijiles in acetic acid or in 

(xi.) 2-Amino-5-naphthol {i)-amino-a-7mph- alkaline .solution with diazotised baso.s forming® 
thol) can be obtained from /?-naf)litliylamiu(‘-5- azo- dyes (Bayer, 1). R.-P. 220532; Friedliindor 
suliihomo acid by fusion with eaiLstic potash at and Zinherg, l.c.). With sulphuric acid at 20°- 
260°-270°, but no description of it lias been 30°, it yields a mixture of the ‘ V ’ and ‘ Soh.’ 
published. On sulphonation it yields a mixture 2-nmnM-H-imphl/iolirwriosulphonic acids, in about 
of two mo iiosul phonic acids, of which the le.ss equal amount, 
soluble constituti's 30 p.c. of the product (Bayiu-, 

T' m" / A«rm.NAraTHOL,™LP.roNio Aon«. 

(xii.) 2-Amino-()-naphthol H^-amimi-p-napfi- . 

thol), obtained from 2-amino-6-naplithoI-4v>ul- 7/?//w^»/(’fo;//.~-Aminonai)l)tholsuI])honicaoid8 


phonic acid by means of sodium amalgam, hito use as components of azo- dyes 

crystallises in scales, m.p. ]90°-P.4r>° (daeehi.i, a^bout the year 1889 {cf. Oassella, I). R.-P. 
Annalen, 1902, 323, 127) , its dibeiizoql deriva- 5.5024, 55648 ; Eng. P. 16699 of 1889), when the 
tive, in needles, m.p. 233-5” (8aehs, Ber. 1906, discovery was made that certain of them have 
39, 3025) ; and its c4hi/l ether in jiyramufs, m.p. J the jiroperty of forming two senes of the.se dyes, 
90°-9J°, b.p. .330° (Gaess, J. pr. Chem. 1891, 111. J Gntdorially as well as chemically different in 
43, 48). It gives colour reactions with ferric character. Provided the NH^ and OH radicles 
chloride and many (oxidising agents (Bachs, cont.ained in different nuclei, and the position 
l.c. 3028) and couples in alkaline solution with ‘J the sulphonic group or groujis be such ^^s 
diazotised o-aminophenolsulphonic acids form- to determine the entry of the diazo- complex 
ingramioa;»-dyes(Bayer, D. R.-P. 164516; Eng. ^nto ortho- positions relatively to thestv- 


P. 18569 of 1902). 


radicles, coupling in weak acid solution will lead 


(xiii.) 2-Ainlno-7-naphthol {1-amino-p-iuiph- to the production of an azo- dye of type I, and 
thol) 18 formed from ^-naphthylamino-7-su]- m alkaline solution to one of typo 11 
phonic acid by digestion with 50 p.c. caustic jjq >];NR HO 

soda solution at 260”-300” (Gesellseh., 1). R.-P. a a a a a a 

47816); or from 2 ; 7-diamiiioriaph thalene by \ i jNHa j y^NHa RNiNi'YiNHa 
the bisulphite reaction (Badischc, D. R.-P. ^V/w ''^VV ‘^\/\/ 

134401 ; V. p. 416) ; or from 2 : 7-dihydroxy- j 

naphthalene either by heating it with ammonia 

under pressure {cf. Gesellseh., D. R.-P. 55059), The compounds of type I do not couple further 
or by the bi8u]phite method (Franzen and Hdibel, in acid solution and cannot be diazotised ; those 
J. pr. Chem. 1908, [ii.] 78, 166). It is also of typo II, on the other hand, are diazotisable. 
obtained, mixed with l-amino-6-naphthoI (Sachs, i Ooinpare p. 417. 
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In manj7 cases monoazo- dyes of either type will 
couple in alkalirie solution, to form disazo- dyes, 
containing the arninonaphtholsulphonic acid as 
the middle component, but there arc exceptions. 
For example, of the two monoazo- dyes obtained 
from G-acid (1 and II supra), only that numbered 
I can be coupled further under any conditions. 
This capacity for further coupling cannot be 
foreseen, and the reasons which promote or 
inhibit it arc unknown. 

The chief methods employed foi the prepara- 
tion of these acids are — ,, 

(1) Reduction of nitroso- or azo- derivatives, 
of naphtholsulphonie acids vuth tin or stannous 
chloride and hydrochlonc acid, or with sodium 
hypo(hydro)su]phitc. Ry these methods the 
1:2-, 1 : 4- and 2 : J -arninonaphtholsulphonic 
acids are produced. 

(2) Digestion of naphthylaniine-di- or tri- 
sulphonic acids with concentrated caustic alkali 
solution at 180°-200'^. With sulphonic acids 
from cL-nnphihylaminc, the SOjlf group in 
position 8 is the most easily displaced, then that 
in f), the group in 2 or 4 resisting disiilaeement ; 
with acids from ^-najihtliylnniinc, the ISOjH 

roup in position 4, 5, or 8 is easily displaced, 
ut^that in 1 or 0 resists displacement. Jf the 
temperature be too high, the ammo- group also 
may be eliminated, and a dihydroxynaphthal- 
enesulphonic acid result from the fusion. 

(3) From diarninonaphthaleneBuiphomc acids 
cither by heating with dilute mineral acids or 
water under pressure, or by the bisulphite 
method {v. p. 41 (i). 

(4) Heating dihydroxynajihthalenesulphonic 
acids with aqueous ammonia under pressure. 
With a^S-diliydroxynaphthalenosulphonic acids, 
the OH radicle in tln^ P- position is the more 
‘easily exchanged for the NH2 group. 

(6) Sulphonation of certain aminonaphthols 
with sulphuric acid or anbydro acid 

Reference to the tables will show that the 
constitution of most of the acids is known.^ This 
has been determined chiefly by a knowledge of 
the structure of the naiihthylaminesulphonK! 
acid employed in the second method, or of the | 
naphtholsulphonie aciiV the nitroso- or azo- 
derivative of which is reduced when the firsts 
method is used. Confirmatory evidence can be 
obtained in many cases by a study of the inter- 
action of the acid with sodium amalgam, as 
SO3H groups in a- positions are more readily 
eliminated than those in positions (Fried- 
lander and Lucht, Ber. 1893, 2fi, 3028); or of 
the hydrolytic action of 20 p c. hydrot^hloric 
acid at the boiling-point, which occurs only when 
thn OH and SO3H radicles occupy relatively the 
1 : 4- position (Buchcrer and Uhlnmnn, J. pr. 
Chom. 1909, |ii.] 80, 204). 

Only scanty information is given in the 
Patent literature about the jiroperties of the 
arninonaphtholsulphonic acids and their salts. 
Apart from their behaviour towards nitrous acid, 
and towards diazotised bases (r/. Cassella, 
D. R.-P. 82070), these compounds are usually 
distinguished by the fluorescence or non- 
fluorescence of solutions of their alkali salts 
and by the colourations given with ferric chlonde 
or bleaching powder solutions (c/. Aktienges., 
D. R.-P. 68604; Bayer, D. R.-P. 75317). They 
reduce ammoniacal silver nitrate solution in the 
oold, and in some cases separate silver from an 


acid solution of the salt (c/. Bayer, D. B.-P. 
81621). In the tables which follow, references 
to fluorescence and to the colourations with 
bleaching powder solution are usually omitted 
for want of room. 

Allusion has been made to the fact that 
many of the aminonajihtholsulphonic acids 
furnish two series of monoazo- dyes, according 
as coupling takes place in an acid or in an 
alkaline bath. Among acids of this type are 
included all that are most valuable for the pro- 
duction of disazo- dyes, as, for example, the 
G-, J-, and 8-monosulphonic, and the B-, H-, 
and K-disulphonie acids. 

The acids derived from l-amino-8-naphthol, 
of whieh all the possible monosulphonic and 
many disuljihonic acids have been propaicd, 
divide tliemBcIves into two groujis : 

(u) thos(‘- which furnish ortJio-azo- dyes by 
eoiijiling with diazotised bases, V7r.. the 4- and 
5-(or 8-)raoriosulph()nie, and the 3 : 6-(or B-), 
3 : 0-{or H-) and 4 : 0-(or K-)disulphonic acids, 
and are of much importance ; 

(h) those, comjirising the remainder, which 
form para-u7.o- dyes and have no industrial 
value. 

Of the other aminonajilitholmonosulphonic 
acids, mention may lie made of those derived 
from 1 : 2- and 2 ; J -aminonaphthols, whieh are 
oxidised m acid solution by nitrous acid, but 
when diazotised in the absence of free acid 
furnish or^/io-hydroxyazo- dyes which arc remark- 
able for their fastness {v. p. 418). 

By the substitution of allcyl, acyl, or aryl 
radicles in the NH , group, derivatives have been 
obtained which, by coupling with diazotised 
bases, furnisli valuable monoazo- dyes differing 
in shade and in degree of fastness from those 
ob(;ained with the respective ammonaphthol- 
sulphonic acids. These monoazo- dyes belong 
cxelusivoly to the type numbered 11. For an 
account of some of these derivatives, reference 
may be made to the following Patents : — 

Alkyl (('assella, D. R.-P. 73128; Eng. P. 
6407 of 1893 ; Geigy, D. R.-P. 91500 ; Eng. P. 
2771 of 1890) ; 

Acetyl (Hbohst, D. R.-P. 129000; Eng. P. 
17300 of 1898) ; 

Aryl monosulphonic acids (Cassella, 
D. R.-P. 79(V 4 ; Eng. P. 11 1 57 of 1 894 ; D. R.-P. 
80417; Leonhardt, D. R.-P. 114248; Badische, 
D. R.-P. 122570; Eng. P. 18720 of 1900); 

' disulplio me acids (Bayer, D. R.-P. 179829 ; 
181929; Eng. P. 5749 of 1900) ; 

^itroaryl (Gesellsch., D. R.-P. 101286); 
amhmiryheyl (Gesellsch., D. R.-P. 170046 ; 
Bayer, I). R.-P. 233117; 246608; Levinstein, 
Baddiley and Levinstein, Ltd., Eng. P. 12281 of 
1911); salicyUulj)honyl (Bayer, D. R.-P. 
27033 1 ) ; 21* Z-hydroxymphthoyl (Griesheim, 
D. R.-P, 290440 ; Bayer, D. R.-P. 290659). 

A series of ureas has also been produced by 
the interaction of phosgene with aminoarylacyl 
deiivatives chiefly of l-amino-8-naphtholsul- 
phonic acids (Bayer, D. R.-P. 278122; 284938 ; 
Eng. P. 9472 of 1914; D.R.-P. 288272; 289107; 
289163; 289270; 289271). 

^ J-acid as a source of direct cotton dyes. 

Among the isomeric arainonapbtholsulphonic 
acids, the chief interest attaches to the 2:6:7- 
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or J-acid, which, unlike its isomerides, resembles 
jjam-diamines (benzidine, &c.) 
and sulphur bases (dehydrothio- 
toluidine, primuline, &c.) in en- 
dowing most of the azo- dyes of 
which it IS a component with the 
valuable property of dyeing un- 
mordantod cotton. ^ This fact was recognised 
first of all ^ in disazo- dyes containing the N -ethyl 
derivative of J-aeid as end eornponent (rf. Ijeon- 
hardt, D. K.-P. «)5()24 ; Eng. ?. KhiOO of 1895 ; 
H. R.-P. 98842, 99501), then in those from its 
N -phenyl derivative, fioin J-aeid itself (Leon- 
hardt, J>. P,.-P. 1 14248), and also from 2-amino- 
5-naphth()l-7 : l-disulplumio aeid (Leonhardt, 
14. IL-P. 117950). Nevertheh‘ss, the utilisatum 
of this discovery seems to date from the intit’o- 
duction of direct cotton dyes iirodueed from 
6 : 6'-dihydroxy-2 : 2'-dinaphtii34anime-7 : 7'-di- 
sulphomc acid (1 nifni) by <*ouphng with diazo- 
tised aniline, toluidine, k:,c. (liayei’, I). R.-P. 
114841 ; Eng. J\ 24290 of 1899), followed by a 
series of direct cotton inonoazo- dyes (P>aycr, 
H. R.-P. 122905 ; Eng. P. 2082 of JliOO), disazo- 
dyes (Bayer, 1). R)-0. 129494 ; (b'si'llseh., 

I). R.-P. 120802), and Irisazo- d^'es (Bayir, 
D. R.-P. 121807 ; Ihig. P. 3073 ol 1900) oldained 
from d-acid itself. 


Ex]/eiience showed that the aninity for un- 
mordanted cotton was increast'd by the sul)- 
stitution of acyl ladielea in the ammo- grouj) of 
J-acid,^ and, of the many derivatives examined. 


^ Certain disa/a'-dyc's, wilb J-acicl as middle com- 
ponent ami iiiUu-«-duiz()|)lu‘iu)ls as end eoini)onents, 
are unsuitnlde lor d\eir)K uiimoidanted eoiton (Uelilei, 
1). ll.-V. 1513.12, tiu' 1' 8575 ol 1901) 

* J-acid, obtained Jrom Armstrong and Wynne’s 
/3- napbtliylamiue -5:7- disnlphonn! acid (llaiilsclic, 
1). R.-r, 7,54(ii>; Kut? P. 2014 ot 189.1), w.is ompJoyed 
oripmally for tlie production of direct cotton d\es by 
conpling witli diazofised p«rtf-diamuu*s {ibtd ) oi 
with dehydrotliiotoiniciim' (rj Payer, I) ]{ -P 88840 ; 
92708 ; Eng. P. 10029 ol 1894), its stieciUc cotton- 
flxlng capacity being tlierehy obscnre<i 

® Tlie following acyl and otlier derivative's liave 
been studied in tins connexion, 11 NH^ being J-acid 
in the amino- group of wdiicii substitution fnis occurred : 
R NH OO-CHg (iJnycr, J). R -P 119828; Eng. P. 
2083 of 1900) 

R-DIH-CO'CgJls (Bayer, D. R.-P. 127J41). 

R-NH'C(NH) NI1 R (Bayer, D. R.-P. 129417 ; 132.537 , 
Eng. P. 18939 ot 1900). • 

R-NH’COg-Alk (Badischc, J). R.-P. 221907). 
R-NH-GHji-CO NH-R (Bayer, 1). R.-P. Ii0443, 128195 ; 
Eng P. 189.19 of 1900). 

E-NH CHa-CHg-NB -R (Raver, J) R.-P. 129478, 12G801 ; 

Eng P. 189:19 of 1000). • 

R-NH-CS-NH R (Bayer, D. R-P. 116201, 122286, 
126133, 123886; Eng. P. 3615, 12899 of 1900). 
RNH OO'NH R (Bayer L>. R.-P. 116200, 122904, 
123693 ; Eng. P 3015, 12899 of 1900). 

R-NH CO-CaH^-CO-ra R tnooRst, D. R-P. 208008). 
R-RHCOCgH 4 -J^H 2 (Ge.sell.sch., D. R.-P. 151017; 
Eng. P. 13778 of 1902). 

R NH GO CflH 4 NH CO CflH 4 NH 2 (Bayer, I). R.-P. 

230595, 240827 ; Eng. 1*. 14735 of 1910). 
R-NH-C0-NH-C„H4'NH GO CHg (Gesellach., I>. R.-P. 
148505). 

R-NH-S02-CeH3(0n) C'02H (BayeJ, D. R.-P. 270331). 
R-NH'OO-CiuHg-OH [2:3] (Griesheim, D. R.-P. 
295767). 

R'NH'CaH 4 -CeH 4 'NHo (Bayer, D. R.-P. 254510). 
R'N(C-Hs)-CO-H (Bayer, D. R.-P 245608). 

(Hoclist, D. R.-P. 252575; 

256116). 

RN c;^ --;pCflH 3 'yH 2 (Gesellsch., D. R.-P. 214658). 

Acridine derivative (Hochst, D. R.-P, 272612). 
Oajbazole derivative (Kalle, D. R.-P. 228959 ; Eng. P. 
8127 of 1910). 


the azo- dyes from the substituted ureas (11) 
gave, perhaps, the best results in this respect. 


S(^j/^-NH-(^As sAAnH'C< 

vv vv w 

HO OH HO 


H-CO-NhAAm 


vv 

OH 


But these dyes, although pure m shade and fast 
to acids, w'ere less fast to alkalis. By the trans- 
ference of the dig^zotisablo ammo- group in the 
monoazo- dyes of J-acid from the naphthalene 
nucleus to a beiizen*} ring jircseiit m the acyl 
radicle (IJl), fastness to alkalis also was secured 
(c/. Gcscllsch., 1). K -P. 151017 ; Eng. P, 13778 
ol 1902; 1). K.-P. J7O045; Eng. Jl 2493(1 of 
1903). 
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rho.so aminoarylacyl-2-ammo-5-iiaphthol-7-8ul- 
phonic acids, when coupled in alkaline solution, 
give monoazo- dyes w'hiclj can be diazotised on 
the fibre, and, w'ltliout any essential alteration 
in shade, developed with /J-naphthol and thereby 
r(ui<l('rcd fast t<> washing,^ By appropriate sub- 
stitution, tlu'icfore, it- IS possible to obtain from 
J-acid direct cotton dyes of any desired degree 
of intensity, purity of shade, or fastness. 


* In addition to .)-acid and its N -derivatives, tho 
following azoles, winch do not iall within the scope of 
tins article, al.so Inruisli substantive dyes lor cotton 
under siimlar conditioiH, an^ with tliem tlie same 
metliod lor secuiing f.istncss of tlie dyestuff to alkalis# 
IS ased. 


V\i 


IIG 


(Rayor, D. R-P 105102; 
Eng. P. 1075 ol 1905) , 




iro 


a 


(Raycr, D. R.-P. 160903 ; 
Eng. P. 2784.1 ot 1904 ; 
D R.-P. 23.>05l>; 




VV 

HO 


VV 

HO 


(Aktlcngcfl., D R.-P. 
167139; Eng P. 11759 
Of 1905; Baver, D. R.-P. 
172319; Eug. P 1675 
ol 1905) ; 


(Cassella, D. R.- P. 
209110) ; 


and a corresponding aminophenyl derivative of 1^- 
uaphthlitriaziue-5-liydroxy-7-sulplionlc acid (Cassena, 
D. R.-P. 191024 ; Eng P. 14787 of 1905). . 

Wliile it may not l>c a matter for surprise thATT 
these five types of compound should roaemblo J-acid 
m furnishing direct cotton dyes, it is worthy of mention 
tliat tills property is sliared by two otiver types of 
1 : 2-naplitliimiuazole : 






(Gesellsch., D. R.-P. 

(Cassella, D. R.-P. 233930 ; 

146375) ; 

Eng. P. 16646 of 1910) ; 


although the amlnonaplitholsulphonic acids — 2 : 8 : 6 
(G-acid) or 2 : 8 : 3 ; 6 (2R-acld) and 2 ; 3 : 6 (R-acId) 
—to ‘which respectively they are constitutionally 
related do not e.xlnbit iu. 



490 


AMINONAPHTHOLS. 


Aminonaphtholmonosulphonic Acids. 

* 


Constitution. 



Preparation. 

Acids, Salts and Reactions. 

N:0:S 

1 : 2 : 4 . 

■ 

(1) Reduction of nitroso-fl-naplithni witli 

BUlphurouH acid (PoriiKcr, Rer. 18!)4, 27, 
2.‘1; Tortiioka. ./ Soc Cliern. Irid 1!)J7, 

36, 1043) or with KOdliiin hvpo(livdro)- 
Hulplilte (Grandmougin, Rit 1906, 39, 
2497). 

(2) Aetinti of Bodium bi.siil|)hit(‘ on [^-] 
naiiid haoinnone-rt-diloiimide (l''rjedliindei 
and Reinliaidt, Rer. 1894, 27, ill . 
Toniioka, 1 c.). 

(3) Fusion ot ii-na])]ith.vlaniijie-2 : 4-disul- 
pliomc acid with caustic alkali (Toniioka, 
/c). 

And, HA-l- JHaO, very sparingly soluble needles ; 

sodium salt, NaA, needles. 

In alkaline solution eitlier alone or condensed with 
[^-Inaplithaquinonii yields dyestuffs by oxidation 
with air (Dalil, D R.-J». 82097 ; 82740 ; Eng. P. 
5153 of 189.5). 

i)iazoti.sal)le, in absence of mineral acids, giving 
diazo-otide (<rf. Geigv, I>. R.-l'. 171024 ; Eng. P. 
102:15 of 1901 ; V. p. 418). 

1 : 2:6 

Reduction of azo-derivativcs of fj-napiithol- 
.5-suIpl)onic acid (Witt, Rer. 1888, 21, 
3478). 

^Icirf, veiv sparingly soluble. 

Gives blown colouration wltli ferric chloride. 

1 : 2:6 

(1) Reduction of nitroso-p-naphtliol-O-siil- 
ptionic acid i)y tin and hydrochionc acid 
(Mi'Idola, Cluun. Soc. Trans 1881, 39, 47) 

(2) Reduction ot azo-denvativi's ol 
naplitliol-6-sulphonic, acid (W’ltt, Rer. 
1888, 21, 3475). 

Ac}d, HA, sparinglv soluble needles; sodium salt 
(liiioiioifnO, IVaA -i 2Hljt). Solutions, especi- 
.illy it alkaliiK*, aic very s“'nsitivc to air. 

Gives brown colouration witli ierne chloride, 

For diazo-unde, rf Gcigy, l.c : v p. 418 

Couples witli (liazotiseil bases (rf Aktiengoa., 
J>. R -P 79103 . Fug P. i:t83:5 ot L893). 

1 : 2:7 

Reduction of azo-derivative.s oi ^-uapldhol- 
7-sun.lionic acid (Witt, Rer. 1888, 21, 
3477). 

Arid, very spaiiiiglv solulile needles. 

Gives brown <’ol()urat,ion witli tciiric chloride. 

For dtazo-oi ule, rf. Gelgy, 1 c ; r. p. 418. 

Coiipl<‘S with diazolised bases (rf. Aktienges., l.c.). 

1 : 2:8 

Reduction of n/.o-derlvativca of /3-iiaphthol- 
8-8uli)lionic acid (W’itt, Rer. 1888, 21, 
3474). 

AndfM-T}, s])aringly Holnbh leaflets 
(lixes blown eolouration witli ferric chloride. 
i''or dmzo-oxule cf. Geigy, / c ; 0 . p 418. 

1:3:4 

[4:2:1] 

1 - Amino - 3 - naiddhol snlphonated wlfli 
inonolivdrate ( Kuedlaudi'r and Rudt, 
Rer. 1896, 29, 1009). 

Acid, very spaiingly soluble needles. Converted by 
wat;(‘r .it 120' into 1 . '.i-dilu/druvi/uaidithalene. 

1:3:6 
t [4:2:7] 

Mixed ^th 1 : 6 • :3-aeid, hv Itodlng a- 
naplithvlainine-:! . 6-di.sulphonie acid with 
75 i» e caustic potash solution ((.:asella, 
14. R -P. 82676). 

And, very sparingly soluble ; podium salt separated 
l)y sailing out troui tlie 1 ; 6 ; d-isomeride. 

Forlns a readily soluiih' (/wizu-compound. 

Couples in^ .‘ilkaluic solution with diazotiaed bases 
(Cussella*, l.c.). 

1 : 4:2 

[4:1:3] 

Reduction of nitroso* or azo- derivatives of 
rt-napht liol-3-sulphonic a<’id ( Ih-verdin and 
de la Harpe, Rer. 1893. 26, 1281). 

Ro description pubiislicd 

1 : 4:3 

[4:1:2] 

(1) l-Anuno-4-naphtho1 snlplionated with 
10 pe anhydro-aeid at IRF-llF (Sydel, 
Rer. 1892, 25, 424 ; cf. Fnedlfinder and 
Relnliardt, Rer. 1894, 27, 239). 

(2) Reduction of nitroso- (Conrad and 
Fiselier, Aunalen, 1893j 273, 114) or of 
azo- derivatives (Reverdin and de la Harpe, 
Rer. 1892, 25, 1403) of a-naphtlio|-2-sul- 
plionic acid 

Acid, HA, very spariugly soluble needles, which 
give a grass-green solution in alkalis or alkali 
carlionates, riipidlv beeoniing brown. 

^Oxidised by dilute nltiK* acid to \ a-]naphUiaquin(yne‘ 
r ^i-suljdionic and and phthalic acid ; by per- 
luaiiganato in .alkaline solution to phthalic acid 
(Seidel; / c.). 

« 

1 : 4:5 

[4;l:8] 

(1) Reduction of azo-derlva lives of a- 
uaphthol- 8 -sulplioulc acid (Reverdin 
and de la Harpc', Rer 1892,2.5,1404) 

(2) Rlectrolytic reduction of a-nitronaplithal- 
ene-5-snlphonlc acid in sulphuric acid solu- 
tion (Gattermaim. Rer. 1893, 26, 1852; 
Bayer, D. R.-P. 81621). 

And, leaflets soluble in water but insoluble in cold 
alcohol, solution in ammonia yellow; lead and 
« barium salts, sparinglv soluble in water (Bayer, 
l.c). 

1 : 4:6 ' 

[4:1:7] 

Electrolytic reduction of o-nitronaphthalene- 
O-sulp'honie acid in sulphuric acid solution 
(Bayer, 1). R.-P. 81021). 

And, needfes soluble in M’ater or cold alcohol, 
solution m ammonia yellow ; lead and barium 
salts boliible in water (Bayer, l.c.). 

1 : 4:7 

[4:1:6] 

Electrolvtic reduction of a-nitronaphthalene- 
7-8Ulphonic acid in sulphuric acid solution 
(Bayer, J). R.-P. 81621). 

Acid, needles soluble In water or cold alcohol, 
solution in ammoiiia yellow ; lead and barium 
salts soluble in water (Bayer, l,c.). 

1 : 6:2 

[5:1:6] 

(1) a-Naphthylaniine-2 : 6-dlsulphonlc acid 
digested with 50 p c. caustic soda solution 
at 240''-270” (Landslioff, Eng. P. 6195 of 
1890 ; D. P. Anm. C. 4479). 

(2) ITora 1 : 6-diaminonaphthalene-2-sui- 
phonlc acid by the bisulphite reaction 
(Btichcrer and Rlilmann, J. pr. Chem. 
1909, [il.] 80,^13 ; v. p. 416), 

And, sparingly soluble needles 

Gives green colouration with ferric chloride (cf. 

Bayer, 1). li.-P. 75317). 

Fornis a sparingly soluble rfiazo-compound. 

Couples with diazotlsed bases (cf. Cassella, D. R.-P . 
82676). ‘ 
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Constitution. 

Preparation. 

* Acids, Salts and R.eaction3. 

N:0:S 

1:5:4 

[5:1:8] 

(1) B’rom l-acetylamino-5-aminonaphthal- 
ene-4-siilphonio acid ; or from 

(2) 1 : 5-clIhydroxynaphthalcnc-4-«»ilphonlc 
acid by the bisulphite reaction (Hucherer 
and Uhlinann, J. pr. Chcm. 1U09, [ii.j 80, 
223 ; V. p. 410). 

■ 1 

Acid, HA, crystallises in needles. 

Couples with diazotisoil baso.s tormlng azo-dyes. 

1:5:6 

[5:1:2] 

l-Amino-5-naphi-hol .sulphonated with sul- 
piiuric aci(i lalow 100° (Aki lenses , 1) Jt.- 
1\ 085(54). 

Arid, very spariiiglv soluble needles. 

(lives blue colCuration witli ferric clilorldc. 

Forms greenisii-yellow solutimi witli nitrous acid. 
Couples w’lth diazdtihi'd bmvt,. 

1:5:7 
[6 ; 1 : 3] 

M-acid. 

(1) n-Naj)h(.h\laininp-5 7-(1iHiilplinine iteid 

heated witli 75 p e. eaushc soda solution ' 
at 170” (hadische, U lt.-J>. 73276; 

Eng P 237(5 of 180.3) 

(2) 1 . 5 - Dianunonapldhalene,- 3 -sulphonie 
acid heated witli water under iire.ssure 
at too” (Cassella, D It -P 85058) 

(3) Eioin 1 : 5-ddivdroxvnaj)hthalene-7-sul- 
piionie acid bv the bisulphite reaction 
(l)adische, J). ll.-P. 117471 ; Eng P 
1.387 ot 1900 , e. J). 410) 

(4) 1 * Aniiiio-5-na|)lithol -2:7- disnliihonic 
acid licatcd with 10 pc. siilphnne acid 
uii(i('r iircssurc at 135" (Cassella, J) Jt -1*. 
,18850;.) 

And and sodium salt, sparmglv soluble leaflets. 

(lives black colouration with terric chlorldi;. 

Forms a dec|> orange-yellow sparingly soluble diazo- 
compound (rf Ciusseilu, J). Jt.-l*. 82676), 

Couples in alkaline solution w'itli diazotisod ha.ses 
, (cl. Badlselie, JJ. R.-P. 75327, 82572 ; Eng. P. 
2370 of 1893). 

1:5:8 

[5:1:4] 

From 1 : 5-diaininonaphtl\alene-4-sulplionic 
acid hv tiu; lusiilphite reaction (Buclierer 
and iJhiniann, J. pr. t'liein. 1909, [ii ] 80, 
220, r p 416). 

And, HAPSiHaO. 

Couples with diazotised base^ forming azo-dyes, 

• 

1:6:3 
[C;2.7] ! 

(J) Mixed with l • 3 0- aeid, bv boding 
a-na])btiiylamine-3 : 6-disul|)hoiiie aeid 

witli 75 ]) e caustic potasli solution (Cas- 
sella, 1) ll.-l*. 82(576). 

(2) 1 - Ammo - 6 - nuplitlioI-S • 5-disulplionu‘ 
acid boiled witli dilute acids (Cassella, 
D. P. Anin C. 5103) 

And, sparingly sohihle ; <iodiim salt readily soluble. 
Forms a vellow' sp.irjiigly soluble dMizo-compound. 
Couples witli dlazotised b'asi's (cf. Cassella, 0. R.-P. 
82076). 

1:6:4 

[5:2:8] 

1 

a-Naplitlivlanune-4 : 6-di.snlpiionie aeid fu.sed 
witli eaustie sod.i at 180'’- 200" (J)abl, 
1) B -P 68232 ; Friedlilnder and Kiel- 
basinaki, Per. J896, 20, 1979). 

Arid, sp.aringly soluble needles; sodium salt, NaA, 
ni-edles ; barium salt, prisms, readily soluble. 

(lives brownish colouration with feme clilorldc. ^ 
Forms a sparingiv solubli' dwizo-comjioiind. 

Couples witli dlazotised bases (c/. Cassella, D.R.-P. 

1 8267(5). 

1:7:3 

[8:2:6] 

B-acid. 

Mixed with a more soluble isonieride, bv 
heating a^-napiith.vlainine-3 7-disuI phonic 
acid witli 10 J) c. caustic soda under pres- 
fiire at 200° (Ca.ssella, I). B. -P 57007, 
58352). 

Acvd, very sparingiv soluble needles ; sodium salt 
#rea(li!y soluble leaflets. 

Foims a very sparingly soluble d//izo-compound. 
Couples with dlazotised bases, giving two series 
of monoazo-dyoH (Cassella, l.c ). 

1 : 7 : (4) j 
[8:2: (5)] j 

l-Aniino-7-naphthol .sulphonated with sul- 
phuric aeid below 30" (Cassellaf 1). R -P 
75066). 

• 

And, siiaringly .soliibft! ; alkali salts readily soluble. 
Forms a sparingly soluble dw/zo-eompound. 

Couples 111 alkaline solution with dlazotised bases 
(cf Cassella, / c. ; Bayer, D. R.-P. 198138). 

1:8:2 

[8.1:7] 

(1) a-Naphtliylainine-2 : 8-disuIphonic aeid 
fused witli caustic soda ^it 170"-22O‘’ 

1 (Cassella, D. B.-P 75710). 

1 (2) 1 - Aimno - 8 - naplithol -2.4- disulphonie. 
acid boiled witli .50 j).c. sulphuric acid 
(ibid.) • 

Acid, sparingly soluble radiate prisms. 

Forms a dark brown sparingly soluble diazo- 
compound. 

Couples with dlazotised bases {cf. fiassclla, D. R.-P. 
82676). 

1:8:8 

[8:1:6] 

(1) a-Naphtliylamine-3 : S-disuIphonic acid 
fused witli caustic alkali below' 210° (Bayer, 
D. P. Anrii. E 4723; Eng P. 13443 of 1890) 

(2) 1 -Ainino - 8 - nai>hthol-3 : .5-diaiilpbonlc 

acid boiled with dinite sulphuric aeid at 
140“ (Leonhardt, D P. Anin. ¥. 8626; 
Eng. P. 192.53 of 1895 ; Cassella, D. K.-P. 
108848). • 

Acul, sparingly soluble prisms or needles ; sfifkum 
salt readily soluble. 

Forms an orange-yellow sparingly soluble di«M»- 
compound. 

Couples with dlazotised Ixwes {cf. Cassella, D. R.-P. 
82676). 

1 

1:8:4 

[8:1:5] 

S-aeld. 

(1) a-Naphthylaniine-4 : S-disulphonic aeid 
fused with caustic alkali at 210" (Badlsche, 
D. R.-P. 63074 ; Eng P. 20275 of 1891 ; 
Bayer, D.R.-P 75317). 

2) From 1 : 8-dlainlnonaphthalene-4-aul- 
phonlc acid by tlie bisulphite method in 
presence of acetone (Bailische, D. B.-P. 
120016 ; Eng. P. 16921 of 1900? Bucherer, 
J. pr. Chem. 1904, [il.] 70, 349 ; r. p. 416). 

And, sparingly soluble needles ; alkali salts readily 
soluble, showing lilulsh-green fluorescence in 
solution (Bayer, 1 c.). 

Gives emerald-green coin, with ferric chloride {ibid.). 
B'onns an orange sparingly soluble duwo-compound 
cf. Cassella, J> R -P 82676) 

Couples in acid or in alkaline solution with 
dlazotised bases, being used as middle com- 
ponent for dtsazo-dyes {cf. Badlsche, D. R,-P. 

* 91855 ; Eng. P.9894 of 1893), 

For acetyl, aryl, and ndroaryl derivatives, see p. 488. 
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AMINONAPHTHOT^. 


Constitution. Preparation. 


: 0: S 

1 : 8:6 (1) From l;8-diaminonaphthalene-f)-.sul- 

[8:1:4] plionlc acid either by boiling with 20 p.c. 

sulphuric acid (Cassella, J). K.-P. 73607, 
ICng. P. 4013 of 1893), or by the bisulphite 
metliod (Bayer, D. ll.-P. 109102; Eng. P 
16807 of 1899 ; v. p. 416) 

(2) a-Napht.bylainine'.'> • 8-disulphonic acid 
heated with 75 ]) c caustic potasli solution 
at 150“ (Bavor, 1>. ll.-P. 7.50.55; Eng P 
15209 of 1893). 

(3) 8-Chloro - nai)bthylamine-5-Hulphonic 
acid lieated with 50 p c. caustic i^oda 
solution under piessure at 190 ' (Badische, 
1). ll.-P. 112778) 

(4) Mixed vvilh 1.8:7 acid, when 1-ainino- 
8-nni)litlioI IS Rulpbouatei<i with sulidiuric 
acid at 15“-20" (liadisciie, 1). 11 -P 02289 ; 
Eng. P. 9670 ol 1890 ; D. 11 -P. 77937 ; 
84951). 

1 : 8:6 (1) 1 * 8 - IliaminonaphtbaleiUi - 3 - sulphouic 

[8:1:3] acid lieated with 15 p c. snlpliiiric acid at 
120“ (Cassella, 1) 11 -P 70780, Eng P 
H-acid. 0972 of 181)1; rf. Cassella, 1>. 11 -P. 
73007). 

(2) a-Naphthylamine-O 8-disulphonic acid 
lieated with 50 p.c. caustic pot-asii solution 
uiuh'r jtressure at 200“ (B.iyer, 1). 11 -P. 
808.53 ; Eng P 1.5209 of 1893). 

(3) l-ATnino-8-napld.h()l-4 . O-disulidionic acid 
boiled \vith /.inc-dust and dilute caustic 
soda solution (Kulle, 1) ll -P. 233934) 

1 : 8:7 l-Ainino-8-naphthol sulplionated with 75 
[8:1: 2] ]).c sulphuric acid at 1.(0' - 100“ (Badische, 

1). |{.-l* 82900), or (uux'i'd with 1 8 . .5- 
acid) witli sulphuric acid at l5”-20“ 
(Badische, 1). 11 -P 8495J) 

2 : 1:3 lied notion .of azn-denvutives of a-naphthol- 

3- sulplidiiic acid ((Jattcrniaiiii and Schulze, 
Bcr 1897, 30, 54) 

2 : 1 : 4 ^ (1) Reduction of azo- (Koiiig, Bcr. 1890, 23, 

808) or iiitroso- deiivativi'S of a-iiaplithol- 

4- sulj)}ionic acid (Witt and XaiUmaiiii, 
Ber. 1891, 24, 3102). 

(2) Action ol sodium iasulphiti' on 2-nitroso- 
a-naplitliol (Sclimidt, .1. pi Chcni 1891, 
[li.] 44, 531 : rf Boiugcr, Bcr. 1894, 27, 
29) or [jS-luaphthaquinonc-ifVcIilonuudc 
(Frii'dlander and Reinhardt, Rer. 1894, 27, 
242). 

2 : 1 : 5 ^ Reduction of azo-dcrivat ives of a-naphthol- 

5- 8ul])liom.- acid (Catterniann and Sclmlze, 
Bcr, 1897, 30, 51 ; cf Reverdin and de la 
Hurpe, Ber. 1893, 20, 1280) 

2 : 1:7 Reduction of 2-nitro-a-nnpht!iol-7-sulphonic 

acid (Finger, J i>r. (diem. 1909, [il.] 79, 
444). 

2 : 8:6 (1) a-Naphthylaminc-3 : O-dlsulpiionie add 

[3:2:7] heated with 75 p.c caustic soda at 230"- 
250“ (Rochst, 1) B -P. .5;Uj70: Eng. P. 
R-acid. 15170 of 1889; Fricdlandcr and Zakrzew- 

fiki, Rcr. 1894, 27, 703). 

. (2) 2 , 3-I)ihydro\ynaplilhalene-0-sulplumic 

acid licatc«l witli ammonia at ].50"-lG0’ 
(Aktienges., 1) il,-P. 02964; rf. Ocster- 
reich, J. Soc. Cfu'm, Jnd, 1898, 17, 836). 

2 : 4:6 a-EaplitlioI-S . 7-disHlplionic acid heated 

[3:1:7] with ammonia under pre.ssure at 180“ 
(Kalle, D. R.-P. 94079). 

2 : 4:7 (1) /3-Naphthylamine-4 : 7-disiilphonic acid 

[3:1:6] heated with 35 p.c. caustic alkali at 200" 
( Bayer, 1). P, Anrn. i\ 7978 ; Eng P. 25214 
of 1894). 

(2) a-JJaphthol-3 : 6-diaulphonic acid heated 
with ammonia under pressure at 180“ 
(KaUe, D. R.-P. 94079). 


Acids, Salts and Reactions 


Acid, very sparingly soluble needles : sodium and 
potassium salts readily soluble, showing violet 
fluorescence in solution (Cassella, l.cT). The 
ralrium salt is easily soluble (Badische, D. R.-P. 
77937). 

Gives dirty green colouration with ferric chloride 
(Bayer, !) Jl -P 7.5055), 

Forms a readily soluble yellow ifta^o-compound 
(Cassella, I r). 

Couples in acid or in alkaline solution with diazo- 
tised ii.'ises, being used as a middle component 
for disazo-dya^ {rf. Badisciie, J), R -P. 81241 ; 
114906) 

For benzoyl dexivative and azo-dyes therefrom, rf. 
Badische, J). Jl.-P. 54602; Eng. P. 9670 of 
1890. 


And, aparinglv soluble needles ; sodium and poias- 
Siam salts readily .solutde ; barium salt, luiedles 
(Bayi‘1, / r ) 

Gives green colouration w'itli ferric chloride (Bayer, 
I.C.). 

Forms a yellow sparingly soluble (fwo-compound 
(Baver, l.r ) 

Couples in alkaline solution with dluzotised bases 
(cf. Bayer, 1) R.-P 82074 ; 8r)38<.> ; Eng. P. 
15209 of J893). 


And, sparingly soluble; acid calnum salt almost 
lllHolultle 

Forms a ri'adily soluble rf (azo-compound. 

Couples witli diazotised basi's. 


And, II A, broad needles. 


Jew/, HA, sparingly soluhle needles (Friodikndcr 
and Reinhardt, / e ). 

Forms a viok't-bkick dvesLiiff by oxidation with 
air (Reverdin and dc la Harpe, D. ll.-P. 63043 ; 
Eiig. P. 16377 of 1891). 

Not diazotisable in acid solution (c/. Ca,ssella, 
J). K -P. 82676). but in absence of acid, gives 
d\azo-oxid>e {rf. Geigy, 1). R.-P. 1 7 1024 ; Eng. P. 
10235 of 1904; r. p. 418). 


And, HA, sparingly soluble scales or needles. 
Diazotisable in atisenee of free mineral acid giving 
. diazo-oxule {rf. Golgy, 171024 ; Eng. P. 10235 of 
. 1904 ; ». p. 418). 

Acid, HAf2H20, needles; alkaline solution be- 
comes dark green on exposure to the air. 


And, very sparingly soluble needles ; sodium salt 
leaflets ; banum salt, BaAg, sparingly soluble. 

Gives dark blue colouration with ferric clilorlde 
(Uochst, l.c ). 

Forms an orange rftazo- compound {rf. Hbchst, l.c . ; 
Ca.ssella, D. ll.-P. 109932; Eng. P. 28107 of 
1897). 

Couples in alkaline solution with diazotised bases 
{rf. Aktienges., I). ll.-P. 84145). 

And, sp. sol. leaflets ; alkali salts readily soluble. 

Forms a yellow rfiazo-compound. 

Couples with du.zotised bases. 

And, moderately soluble leaflets ; a/iaZi salts readily 
soluble. 

Forms a yellow diazo- compound. 

Couples in alkaline solution with diazotised 
bases {cf. Bayer, l.c.). 


^ An acid containing the sulphonlc group in cither the 4- or the 6- position is produced virhen 2-amino- 1- 
naphtbolis sulplionated with 10 p.c. an hydro-acid at 40'’. It is sparingly soluble and gives a brovra colouration 
Wlul f«rlc cliloride (Reverdin add do la Harpe, Bcr. 1893, 20, 1280 [ Kern and Bandoz, D. R.-P. 69228). 
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Constitution. 

Preparation. 

Acids, Saits and Reactions. 

N : 0 ; S 
2:4:8 

13 : 1 : 5] 

i3-NaphthyIamine-4 : 8-di8ulphonic add fused 
with 80 p.c. caiLstic alluili at 215'’ (Bayer, 

D P. Anm. F. 8070; Eng. J*. 3580 ot 
1895). 

1 

Acid, sp sol. needles ; alkali salts easily soluble. 
(Jives no colouration with ferric (thlorido. 

Forms a yellow .sp. sol. diazo-compoiind. 

Couples iu alkaline solution wth diazotised bases. 

2 : 5 : (6) 
[0:1: (2) 
and 

2 : 6 : (8) 
[6:1: (4)J 

2-Ainiii()-5-n.'iplifli()I snli)honntcd with sul- 
plmric acid at 20" 30" ( Bayer, 1) P Aum. 

F. 7372, Eng. 1‘. 5267 of 1894) forms 
two adds, ai)Oiit whidi little is known, 
tlie yield ot tlu; less soluble being 30 p.c. 

One of tlic adds gives a dirty precipitate, the other, 
a bliiisli-grey precipitate witli ferric dilorlde. 

Each acid forms a yellow rfi.a 2 o-compound and 
couples with^liazotised bases. 

§ 

2:6:1 
[6 : 1 : 6] 

^ - Naplithvlanilne -1:5- disnlphonic add 
fused with (‘anstie .alkali at 210"-230" 
(Kalle, ]). R.-r. 2:13105; 242052; Eng P 
9743 ; 9741 ot 1910). 

Acid, moderately soluble needles. 

Gives brownish-red rfjo^o-coinpound. 

Couples in alkaline solution. In add solution 
loses its SOgH group in coupling. 

2:6:7 

[6:1:3] 

J-acid. 

(1) ^-lSaphth>lamiiie-5 : 7-disulphomr acid 
fused with (;au.Htic alkali at 180°, or 
digested with 50 p e. ean.stie soda solution 
under pressure at 190° (Radisebe, 1). J*. 
Amn B. 141.54; Ih Jl -P. 75469 ; Eng P. 
2614 of 1893) 

(2) Etoni 1 6-(lihydiox\naphthalene*3-sul- 
phonie add bv the bisnljihite method 
(Badisdie, D. J{ -P 117471; Eng. P. 
1387 ot 1900; r. p. 410) 

Acid, sparingly soluble ; alkah mlts readily soluble. 
Gives no colouration with cold, but a brownish- 
black predpltah! with hot terrlc clilorido (c/. 
Badisdie, D. Jl.-P. 73270). 

Forms a yellow (Ziazu-eomiiound 

CoupIe.s in add oi alkaline solution with diazotised 
bases forming two senes of 7fU>noaz()-dycif>. 
l-CV//nm-or l-ftw/wo-J-add (Baver, D, B.-P. 254715 ; 

2.58299 ; Eng. P. 14152 ; 14153 of 1912). 

For alkijf, aryl, and other derivatives, v. p. 489. 

2:5:8 

[0:1:4] 

1 : 0-r)iliydro.x\nai)htlialene-4-siilphonicad(l 
heated with 28 p e ammonui under 
prc'ssiire at 140°-1H0° (l).ihl, D, It.-P. 
70285 ; Eng P. 4110 of 1892) 

Acid, Hjiaringly soluble ; alkah salts readily soluble. 
Gives brown colouration with ferric chloride. 

Forms a yellow sp. sol. dittzo-eoinpound. 

Couples in <icid or in ulkaUne solution with diazotised 
bases (I)abl, 1 c, ; D. B -P. 67258). 

2:6:4 

[6:2:8] 

Reduction of O-uiliO'^-JtephthoI-S-snlpliouic 
add (Jacdiia, Annalen, 1902, 323, 124). 

Acid, HA-I-TT 2 O, sparingly soluble needles. 

Forms a yellow sp. sol. durzo-corapound. 

2 : 7 : (3) 
[7:2: (6)] 

F-acld. 

2 : 7-l)ihydr()xynaphthalenesulphonic acid 
heated with 30 p (‘ ammonia under 
pressure at 120°-150'' (Akticnge.s., 1). ll.-P. 
03956). 

Acid, very sp. sol ; alkah salts easily soluble. 

Gives greenish-black colouration witli ferric cliloride. 
Forms a yellow sp sol. d?fi[zo-eomt)ound. 

Coujiles m add or in alkaline solution with diazotised 
ba-ses. 

2:7:’ 
[7:2: V] 

Partial tiyiirolvsis of tin; disnlphonic acid 
formed iroin 2-amino-7-naphtliol by snl- 
plionalion with sulphuric acid at 30° 
(Casscila, D. R -P. 131526). 

And, needles ; hodium salt, EaA-fHgO, sp. soluble. 
Gives viol(*t precipitate with ierrie ehiorhie. 

Forms a y(*llow sp. sol dmzo-iiompound. • 

Couples In add or m alkaline solution with diazotised 
ba.seH, giving two series of monoazo-dye^. 

2 . 8 : (5) 
[7:1: (4)] 
2 : 8 . (7) 
[7:1: (2)] 

2-Ainlno-8-nai»li(hol siilphonated wUh sul- 
pluiric acid .at 30° forms two adds in about 
e(|ual proiiortiori (Baver, I). P. Anm, F. 
7335 ; Ihig. P. 5148 ot 1894). 

‘ iich ’ and, re.adily, ‘ V ’ acid, sp. sol, ; separated 
by adding add to soln of mixed calcium salts. 
F^eh add forms a yellow soluble dtazrecompound 
and couples with diazotised bases. 

2:8:6 

[7:1:3] 

G-acid. 

fl) jS-JSfaplithylamme-O . 8-disulphouir add 

1 heated v ith 50 p e caustic soda solution 
at 190'’-195° (Casscila, Eng P. J6099; 
1) P. Anm. C :4063; </ liodist.D. It.-P. 
53070; Eng. P. 15170 ot 1889). 

(2) From 1 : 7-(liliydroxynaphthalcne-3-sul- 
phonic add either by Wbating with 30 p c 
ammonia under pressure at 120°-1.50° 
(Aktienges , 1) ll.-P. 62964), or by the 
bisulphite reaction (Buchererf J. pr. Chem, 

! 1904, [ 11 .] 09, 89 ; v. p. 416). 

Acid, very sp sol. needles ; alkali and alkaline 
earth salts, readily sol , lead salt, sp. sol. needles 
(Tauber and VVulde*, Ber. 1890, 29, 2268). 

Gives dirty d.aret colouration with ferric chloride. 
Forms a yellow sp. soluble diazo-compound. 

Couples in aidd or in alkaline solution, forming 
two series of momazo-dyGH, v. p. 487). 

1 - (Jhloro- or 1 - brotno - G - adii (Bayer, 1). R. - P. 

254715 , Eng. P. 14152 of 1912). 

For alkyl, acetyl, aryl, (fee., derivatives, v, p. 488. 

■m 

Aminonaphtholdisulphonic Acids. 

Constitution, 

Preparation. 

Acids. Salts and Reactions. 

N:0:S:S 
1:2:3: 6 

Jleductlon of azo-derivatives of /3-naphthol- 
8 : 0-disiilphoiilc add (Witt, D. Il.-P. 
49857 ; Ber. 1888, 21, 3479). 

Add sodium salt, NaHA, readily soluble needles. 
Gives dark brown colouration with ferric chloride, 
Diazotisable in absence of mineral acid giving 
diazo-oxide (cf. Geigy, D. B..-P. 171024 ; v. p. 418). 
Does not couple with diazotised bases. 

1:2:3:7 

Eeductiou of l-nltroso-^-naphthol-3 : 7-di- 
Biilphoinc neid (Oeigy, D. B.-P. 171024 ; 
Eng. P. 10235 of 1904). 

Add, sp. sol. ; alkaline solutions greenisli -yellow. 
Diazotisable in absence of mineral acid giving 
diazo-oxide (rf. Geigy, l.c. ; v. p. 418). 

1:2:4:6 

•Interaction of l-nitro.so-/3-naphtlioI-6-8ul- 
phonic acid and sulphurous acid (Bonlger, 
W. 1894*27, 3052). 

Add sodium salt, NaHA, readily soluble needles. 
Diazotisable in absence of mineral acid giving 
diazo-oxide {cf. 6lelgy, l.c, ; v. p. 418). 
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AMINONAPHTHOLS. 


Constitution. I 

Preparation. ^ 

N:0;S:S 

1:2:4:? 

Siilphonation of 1 -amiiK)-2-naphthol-4-8ul- 
phoiilc aeid with monohydrate below 100° 
((iTieshcim, 1) P Anm. C. 1.5414; 15820; 
Eng P. 3fi55 of 1908). 

1:2:4:7 

Interaction of l-mtro30-fl-na])htbol-7-sul- 
phonic acid and snl[)luu*ous acid (Boniger, 
Ber. 1894, 27, 305^1 

1:2:6:8 

Reduction of azo-derivatives of p-na]ihthol- 
0 : H-disulpbomc acid (Witt, JX R.-P 
49857 ; Ber. 1888, 21, 3981). 

1:4:3:6 
[4:1 :2. 7] 

(1) RediK'tlon of azo-di'rivatives of a-napii- 
tliol-2 : 7-(lisLilplu)nle aeid (Reverdm and 
de la Harpe, Ber 1892, 25, 1405) 

(2) Electrolytic ri'diietlon of o-mlronaph- 
(halen('-3 ‘ U-ilisulpbonic aeid (Bayer, 1). 
R.-P. 81621). 

1 : 4 ; 3 : 7 
[4 : 1 :2:CJ 

Electrolvtie reduction of (i-nitronapldhal- 
ene-3 7-disulphonic acid (Bayei, D. R.- 
P. 8iC2l). 

1 : 4 : 3 : 8 
[4 : 1 : 2 : 5] 

Reduction of 4-mtr()so-»4-naphtbol-2 * 5-di- 
HulpliouK' acid ( Fncdldiider, Ber. 1895, 
28, 1536). 

1:5:2:7 

[5 : 1 : 3 : 6] 

a-Naphthylamine-2 : 5 ; 7-tri.sulpbomc acid 
heated with 50 p e eaiislie imtash at 180"- 
200° (Ba./<T, 1) P Anm. F. 7001 ; Eng. 
P 171411$ ol 1893, Cassella, i). R -P. 
188505). 

1 :5: 3.7 
[6:1:3:71 

b'lision of a-naphth.vlamino-3 * 5 7-trisul- 
pbnnic aeid with eaustie soda at 160°- 
170° (Cassella, 1). R -P 75432). 

1 :6:(4):(6) 
5 : 1 : (2) : (8) 

l-Amlno-5-naphthol sulphonated with 23 
p c. anliydro-acid at 100° (Aktienges , D P. 
Anm A, 3767). 

1:6:3:5 
[6 : 2 : 1 : 7] 

]-Am1no-6-nai)htliol-3-siilphonle acid siil- 
lilionated with 12 j) c anhvdro-acid 
below 20° (Cassella, I). P. Anm. C. 5163 ; 
rf. I). R -P. 84952). 


Acids, Salts and Eeactions. 


Acid sodium salt, NaHA, very soluble, shows in 
solution bluish-green fluorescence like the acid 
sodium salt ol the 4 : C-disiilphonic acid, with 
which it may be idiuitical. 

And sodium salt, NaliA, sparingly soluble needles. 

Jliazotisable in absence ol mineral aci<l giving 
duizo-oxide Of tieigy, l.c . ; v p. 418), 


Acid sodium salt, Nall A, easily soluble prisms, 
(lives dark brown colourat ion with ferric chloride. 
For dmzo-Qxidc, cf. (Jeigy, l.c ; r, p. 418. 


Acid, sp. soluble needles ; sodium salt readily soluble, 
(rives a dark reii colouration with ferric chloride 


(Bayer, l.c ). , , , rr 

Is not dia/otisable (cf. Revordin and do la Ilarpe, 
Ber. 1893, ‘ilJ, 1284). 


Jiariiini salt, sparingly soluble. 

(rives a rose-red colouration with icrric cidoride. 


Acid, readih solubb' needles. 

Is not dia/otisabl<‘, and doi's not couple with 
diazotised bases. 


And sodium salt, moderately soluble needles, 

(lives wine-red colouration with Icrric cidoride. 
Forms an orange-red soluble d?a 2 o-compoiind, 
which with sodium carbonate solution becomes 
sk>-blue ynd then orange 


And and nnd sodium salt readily soluble (Cas- 
sella, J). K-B 849.V2). . . . , , , ^ , 

(lives dark-green coin with terric chloiide (ibid.). 
Forms an orange da/zo-compound. 

(.’ouplcs in alkaline solution witli diazotised bases 
(cf. (:assella,/c.; D. B -P. 83011). 


Acid and sodium salt nauiily soluble. 

Forms a yellow (hazo-eompuund. 

(louples with diazotisi'd bases 

Acid sodium salt readih . calcium salt snarlngly sob 
(Jives violetrblaek eolouiation witli ferric chloride. 
Forms a yellow solubb' dirtzo-eoinpound. 

Coiijiles in aeid or alkaliiu' solution with diazotised 
bases, but giM's only one senes of wonoozo-dyes. 


1 ;6: 3:7 
[5 : 2 : 3 : 7J 


1 

l« 


: 7 ; (4) : ? , 
; 2 : (h) ; ?jl 


1:8:2:4 


[8 : 1 : 6 : 71 


2 S-acid. 


1:8:(2):(5) 
8: l:(4):(7) 


L-acid. 


1 : 8 : 2 :? 
[8:1:?: 7] 


1 ; 8 : 3 : 6 
[8 : 1 : 4 : t>] 

Bacid. 


1 - Ammo ■ 0 - napldiiol - 3 - snlphonie acid 
heated with sulphuric aeid at I4(B 150°, 
or the 3 .5-(lisulphonie acid lu'ated M'ith 
siilphune arid at 150° (Cassella, JX Jl -P. 
84952). 

l-Ainino-7-na])htliol sulphonated with sul- 
phuric aeid above 100° ((Jassella, 1) R.-P. 
09458 ; cf. Cassella, 1). R -P. 75060). 

Fusion ot naphthasultam-2 : 4-disulphonlc 
aeid (‘ a - naphthylamlne -2*4:8- trisiil - 
plionie acid ’) witli 90 p c caustic soda at 
170° (Aktienges, T). P Anm A. 3340; 
Eng. P. 2984 ot 1893 ; Barer, D. R.-P. 
79500 ; 80008 ; Eng P 497t» of 1893 ; 
Cassella, D. R -P 75710; Drcssel and 
Kothe, Ber. 1894, 27, 2141). 


] ; 8-l)iaminonaphthaIene-(2) : 5-disulplioulc 
acid hoik'd with 20 pc. sulphuric acid 
(Cassella, I). R.-P. 73048). 


And sodium salt, sparingly soluhlo needles. 

(Jivtvs gieenish-hlack colouration witli ferrii; cidoride. 
Forms a soluble diaza-compound 
('ouplcs 111 alkaline solution with diazotised bases 
(cf. Cassella, l.c . ; 1). R.-P. 95988). 

Acul rcadi4' solubh'. 


Acid readily sol. ; and sodium salt, NaHA-fHaO, 
easily sol' needles ; calcium salt moderately sol. 

Gives H ffreenish-blftek eoln with ferric rhloride. 

J\)rins a reddish-yellow soluble fltia^o-cotnpound. 

Couples m acetic acid or in alkaline solution with dl- 
ttzotised bases giving only one series of monoozo- 
dyes, but in HCl solution, disttzo-dyes of the 4- 
mouosulphonic acid may bo formed (cf. Bayer, 
I). R.-P. 77703 ; Eng. P. 4979 of 1893). 

Actd moderately, acid sodium salt readily soluble. 

Gives brown colouration with ferric chloride. 

Forms yellow doMZo-compound. Couples with di- 
iiyot.iaori' hflsfis (r.f. (kisselhi. I). R.-P. 84952), 


1 : 8-T)iaminonapbthalenctrlsuli)home aeid 

boiled with water or 10 ji.c. sulphuric 
aeid (Fischesser, IX P. Anm. F. 7595; 
Eng. P. 13203 ot 1894). 


Acid sodium salt, Nall A, moderately soluble. 
Gives green colouration witli ferric chloride. 
Forms a soluble yellow di azo-compound. 
(Jouples in acid solution with diazotised bases. 


• Amino - 8 - naphtbol - 3 ■ sulphonlc acid 
sulphonated with monobydrate at the 
ordlnarv temperature (Leonhardh IX P 
Anm, F. 862(i; Eng. P. 19253 bf 1895; 
Cassella, IX R.-P. 108848). 


Acid and acid sodium salt sparingly soluble. 

Forms a yellow sparingly soluble diazf^compound. 
Couples in ael(i or alkaline solution R'lth diazotlwd 
bases, forming two series of monoazo-dyes (c/. 
Cassella, l.c.). For airyl derivatives, see p. 488. 
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Constitution. 


Acids, Salts and Reactions. 


N : 0 ; S : S 

1 : 8 ; 3 : 6 (1) 1 8-I>iaininoriaphthaIene-3:6-disalphotiic 

[8 : 3 : OJ acid licated with It) p.c. .sulphuric acid at 

100‘’-]20“, or witli 40 p.c. caustic soda at 
H-acld. 200“ (Casaelhi, D. R.-P r)7()()2; Kng P. 

1742 of 1891), or its aziinino-d privative 1 
heated witfi 80 p v siiliilinric aeid at 170“ 
(Cassella, D. Li -P GOOO;?) 
j (2) Naphthasultum - 3 : 0 - disul])honi(* acid 
j fused with 90 p.c. caustic soda at ITO-* 

' (Bayer, D P.-P. 80(508 ; Kng. P. 4070 of 
j 1893 ; Dressel and Ivothc, Bcr. 1894, 27, 
2160), or (i-naphthvIainiiic-3 : 0 • 8-trisuW 
])honic acid with caustic .soda at 180“ -190“ 
(Ba.vcr, D. B -P. 09722; Eiig. P. 13443 
j of 1890), or 8-chIoro-a-naphthvlamiue- 
3 : O-disulplionic acid with caustir* alkali ' 
(Badlschc, 11. K.-P. 1478.62) 

(3) 1 . 8-l)initr(»uapJitliaitjii(‘-3 . O-di.suipIiouic 
!icul licatcd witli sodium bisiiljdutc .solu- 
tion at 90' -100“ (Baver, J). K -J*. 113914 ; 
Eng. P 21 138 of 1899) 

1 : 8 : 4 : 6 Fusion of a-nanh( li\ Jaminc-4 : 0 . 8-ti isulplion- 
[8:1:3:61 ic acid willi 70 pc c.iustic hoda iiiulcr 
pressure at 176“ (Baver, U B -P 80741 ; 
K-acid. Eng. P ]714l(;oJ 1893; Jv.dlc, 1). It -P. 

! 99104 ; Eng P 616 of 1894) 


1 : 8 : 4 : (7) l-Ainiuo-S-najilithol-l-sulplionic acid sui- 
ts : 1 : (2) • 6J plionatcd A\ith 23 p c. aiihydro-a(‘id at the 
ordiiuTv (ciujicraturc (Aktienges., H P. 
Anm A. 3918 ; BadisUie, D B -P. 12.6090, 
Eiig Pr 18300 of 1900). 

1 : 8 : 5 : 7 l-Aii)ino-8-iiaphthol-6-.suU)hoiuc or 7-siiI- 
[8 : 1 ; 2 ’ 4] plnmic acid sulphonatcd witii inonohydr.atc 
at 100“ (Badlschc, I) It -P 02289, Eng. 
P. 9070 of 1890; cf. Badlschc, i). B.-P. 
82900) 


1 : 8 : (5) : ? Fusion of napiitliasiiltaindi.siilphonic acid I) 
{8 : 1 : (4) : ?J with 90 j) c caustic soda at 170“ (Bayer, 

D-acld. 1) B.-P. 80008, Eng P 4979 of 1893). 

2: 1:3: 6 Beduclion ol 2-nitroso-a-naplithol-3 ()-di- 
sulphonic acid (tlcigv, I). B.-P, 171021; 
Eng. P. 10236 of 1904). 

2 . 1 : 3 : 8 Beduction of nzo-diTlxativcs of a-nuplitlioi- 

3 : 8.disulphonic acid (Beruthsen, Ih'r 
1890, 23, 3093) 

2 : 1 : 4 : 6 Beduction of azo-dcrivativcs of n-naplitJiol- 

4 : 0-disuli)honic acid (Ilcvcrtlin and de la 
llarpc, Bcr, 1S93, 20, 1282; cf. Boiiigcr, 
Ber. 1894, 27, :1052). 

9 

2:1:4 7 Reduction of a/o- or nitrfiso- derivatives of 
a-naplithol-4 : 7-disul])honic acid (Itcvcr- 
dm and dc la Haiiic, Bcr 189.5,20, 1282 ; 
cj. Bouiger, Ber 1894, 27, 3064). 

2 : 1 : 4 : 8 Reduction of a zo- derivatives of a-nuplithol- 
4 : 8-disUiidionic acid (Reverdin anil de la 
Harpe, B('r 1893, 20, 128:3). 


Acid, sparingly soluble in cold water; acil '.odium 
salt, NaHA 4- li^H.^0, and acid hariutn salt, 
BallaAo 4- 4 HI 3 O, sparingly sohililo iieedlea 
( Dressel and Kothii, Ber. 1894, 27, 21.60). 

(lives brownisli-red etiloiiration with feriu; chloride. 
Forms a soluhic yellow r/iaza-conipoimd.'^ 

(Jouples in acid or alkalini' solution witli diazo- 
tiscd bases, torining two serius of momazo-dya^ 
(cf. Cas, sella, <l). R -P. 0.60.61; Eng. P. 1742, 
0972 ot J891). Largi'Iy used in the productloil 
of « 2 c-d>cs. • 

For alkid, acetyl, aryl, ndrobemoyl derivatives, 
V. p. 488. ’ 

For 8-chloro-a.-napldhol-:i : (\-dimlphonic acid ob- 
tained from H-acid l>y tlic Sandincycr reaction 
V. p. 174. 


Acid sodium saltrcadilv soluble needles ( Bayer, l.c.). 
(lives ycllowisli-grccn coin witli ferric clilorlde, 
l''orms a ri*adilv solulilc veJlow (//ago-conipouiKl. 
Eoiiplcs in acnl or alkaiinc solution with diazotlsod 
bases jormiiig two series ol iimioazo-dyoa (cf. 
K.illc, I c ; 1) |{ -P 108200) ' 

For acetyl, anjl, udroaryl derivatives, v, p. 488. 

Acid sodium salt sparingly soiulilc ncialles. 

(lives hrownisti-blaek coin. 'with ferric ciiloride. 
Forms a vcllowisii-brown (/ta2(>-compouiid. 

Eoupic'.s with diazotised bases (cf Aktienges,, l.c.). 

Add readilv soluble leaflets ; acid sodium salt 
readilv sohilile. 

Qiv(>s blue colouration with ferric ciiloride. 

Forms a sparingly solulile yellow dMizo-compound. 
(loujiles wKli diazotiscd bases (cf, ()a.ssclla. D. R.-P 
84962) 

Acid sodium salt moderately .soluble needles. 

(lives green colouration witli ferm; ciiloride. 

Couples witli dlazotised bases. 

Add sodium salt ca-sily .soluble needles. 

JJiazotLsablc in absence of mineral acid giving a 
diazo-oxide (cf. Geigy, l.c. ; v. p. 418). 

I)ia;!^fl,sal>Ic in absence of mineral acid giving a 
diazo-oxnle (cf. (hagy, I c. ; c. p. 418). 


Acid readily soluble ; r^ul sodium salt sparingly 
soluble needles. 


Acul, moderately soluble nee(lle.s ; sodium salt 
reaidily sohibh*. 

Biazotisable in absence of mineral acid giving a 
diazo-oxide (cf, Ceigy, l.c ; r. p. 418). 

Arui and and sodium salt moderately soluble. 

Piazotisable 111 absenci! of mineral acid giving a 
diuzo-oxide (cf. Geigy, I c. ; v. p. 418). 


2 : 3 : 6 : 8 Sulphonaliou of 2-ammo-3-iwplithol-G-.-,ul- No description imblislicd. 

[3 * 2 : 5 : 7] phonic acid (Aktienges , 1), B -P, 8(5448 ; 

Eng. P. 8045 ol 1895). • 

2: 4: 6:8 Dlgc.stion of /3-naphthyluinine-4 : 0 : 8-tri- A cirf .WtMrn salt, moderately .soluble 

[8 : 1 : 6 : 7J sulpbonlc acid witlk (50 p.c caustic soda at Gives iiliiisb-green colouration witii ferric chloride, 
w 17()°-]80° (Bayer, D. P. Anm. F 8154; Forms a pale yellow (/wwn-compound. 

1) R,-P. 89242). Couples with diazotLsed base.s. 

2:B:1:7 Digestion of fl-naphthylamine-1 : 5 : 7-tri- Acid sodium salt reaiiyv soluble needles 

[6 : 1 : 3 : 5 sulphonie aeid with 00 p.c. caustic soda at (Jives gri'cn eolouratlfli with ferric chloride. 

ieu“-220“ (Bayer, D. B.-P, 80878; Eng. Forms an orange-yellow soluble dmzo-componnd. 

P. 20680 ot 1893), Couples in alkaline solution with diazotiscd bases 

(cf Bayer, D. R -P, 92708; Eng. P. 1062 of 


^ The colouration ijroduced by the Interaction of K-acld with siilphanllic aclil In the presence of nitrous acid 
forms a delicate test for minute quantities of nitirltes In water (Erdmann, Ber. iOOf/J 33, 213), 
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Constitution. 

Preparation. 

Acids, Salts and Eeaotions. 

N: 0:8:8 
2:5;3:7 ' 
[6: 1:3:7] j 

f 

/3-JSaphthyiamine-3 ; 5 : 7-trl8nlphonic acid 
lieated with :i0 p.c. caustic so<ia at 190° 
(Oeliler, D. B.-P. 168147; Eug P. 1681 
of 1904). 

Acid sodium salt easily soluble. 

Gives yellowish-brown coin, with ferric chlonik. 
Forms an (‘aslly Boluble orange diozo-compoiuia. 
Couples in alkaline solution wlili diazotised bases. 

2 •.7:3; 6 | 
17:2:3:61 

(1) fl-Njiphthvliimln(‘-3 ; 6 : 7-triKulphonic 
acul licah'd with 55 j) c. caustic soda at 

i I80°-240° (Bayer, 1 ) P. Anm. F. 7019; 

1 Eug P 17141 on893; cf Bayer, 1) B -P. 
80878) 

(2) 2 . 7-l)9iJf(lroxyua])litlinlcnc-3 . G-di.sul- 
plionic acid heated vith 23 pc ammonia 
at 180°-^ 220° (Aktienges., J). K -P. 75142, 
Eng. P 1 0199 of 1893) 

i (3) 2-Aniino-7-naj)litliol suljthonated with 

1 sulphuric acul at 30" (Uassella, 1). B.-P. ' 

I 131526). 

Acid sTiaringly soluble ; acid sodium salt sparingly 
soluble needl(‘S. 

Gives deep violet colouration with ferric chloride 
(Bayer, Zc ; Aktienges., Z.c ). 

Forms a sparingly soluble yellow diazo-compound 
((!as.sella, lc) 

Couples only slowly or not at all with diazotised 
bases (Citssclla, Z.c.), 

2:8:3:6 
[7 : 1 : 3 : 6J 

R-acld. 

Fusion of 3-na]»hthvlaimne-3 ; 0 : 8-trisul- 
phonie acul with 80 ]> e. caustic soda at 
' 220°-26()° (HoeiiMt, D. B.-P 53023 ; Eng 

V. 15175 Of 1889). 

j 

And and «aZf« readily soluble. 

Gives dark green colouration with ferric chloride. 
Forms a yellow spannglv solultle rfarzo-coinpound. 
Couples in alkaline solution with diazotised bases 
(cf. Aktienges., D. Jl.-P. 108215 ; Eng. P. 14896 
of 1893), 


Amlnonaphtholtrisulphonic Acids. 

l-Aniino-2-naphthol‘ and 2-n mino-l-itaphtliol- 3 • (5 :8-tn8nl])honi(' acids are obtained by reduc- 
tion of azo-dcrivativcs of the correspondinR /3-nuphtlioI- and a-nuphtliol-d . 0 ; H-tri8iilj)honic acids. They give 
dxazO'O^idei on diazotisi/Aon In absence of mineral acid (Oeigv, D. ll.-I’. 171021 ; Etig P. 10235 of 1004 ; v p. 418). 

1-A inlno-8-naphthol-2; 4 ’.O-tristi Iphoiiic acid, obtained by fusiap: naplithasultain-2 : 4 ; C-trisulphonio 
acid with 85 p c caustic ])otash at 150°-] 00", lorms a siiaringly .solul)le and poUmmm salt, gives a green 
colouration ivith ferric chloride, also a readily soluble orange diazo-compound, and couples with diazoiised bases 
(Bayer, D. K.-P. 84597). 


Niteoaminonaphtiiolsulpiionio Acids. I 

Nitroainino-J-na])hth()l, obtained from j 
2 : 4-clinitro-a-rifiphtliol by ri'duetion with am- 
monium sul])hi(]e, forma yellow needles, m.p. 
130° (Ebell, Ber. 1875, 8, 504). 

(i. ) Nitro - 1 - amino - 2 - naphthol - 4 - sulphonic 
acid. If nitroauljihmie acul eontainmg sulbeieiit 
dissolved anhydride to remove water formed in 
the reaction be added to a susiiension of 1- 
amino-2-na2ibthol-4-aul])honic acid in mono- 
hydrate at 0°, nitration instead of oyidation 
occurs. The 7/i/ro-eompound, yellowish -bruwm 
needles, yields a dtarriino-2-naphthol-4-sulphonic 
act’d on reduction, and when diazotmed a diazo- 
oxide closely resembling the nitro-l-diazo-2- 
naphthol-4-8u]phonic acid of 1). R.-J\ ](}4G55in 
properties (Kalle, D. R. -P. 249724). 

(ii.) 3-NItro-l-amino-4-naphthol-C-sulphonic 
acid [2 : 4 ; 1 ; 7] obtained from naphthol 
yellow S by reduction with stannous chloride 
and hydrochloric acid (Lauterbacli, Bcr. 1881,' 
14, 2029; Finger, J. pr. (’hem. 1909, |ii.] 79, 
442) forms sparingly soluble golden-yellow 
scales and is cHazotisable (Gosellscli., 1). R.-P. 
K„513; Eng. P. 7535 of 190U). When boiled 
with alcohol and copper powder, it is converted 
into copper 2 - nitro • a - naphthol - 7 - sulphonafc 
(Finger, Lc.). 

(iii.) 4-Nitro-2-amino-l -naphthol-7-sulphonic 
acid, obtained when naphthol yellow S in am- 
moniacal solution is reduced by sodium sulphide 
at 90°-96°, forms yellow crystals, sparingly 
soluble in cold water, and can be diazotised 
(Gresellsch., Z.c.). 


(iv.)(8)-Nitro-2-ainino-3-naphthol-6-sulphonlc 
acid [(5) : 3 : 2 : 7] can be prepared by adding 
nitre to a solution of 2-amino-3-naphthol-G- 
sulphonic acid in 8ul}>huric acad at 5°. Tt forms 
yellow needles, its poldi^mun. and sodium salts 
are easily soluble, and it can be diazotised (Cas- 
sella, I).‘R.-P. 1]03(>9; 111933). 

NttrodidzoiMphlholsiiJphovir acids. Although 
in certain cases nitro-i-ammo-2-naphthol- or 
nitro-2-amino-l-na])htliol- sulphonic acids have 
not been described, the corresponding diazo- 
compounds can be obtained by nitrating o-diazo- 
naphtholsulphonic acids. Nitro-l-diazo-2- 
naphthol-4-sul phonic acid(Geigy, D. R.-P. 
1()4G55; Eng. P. 1 54 18 of 1904) forms pale yellow 
crystals, and couples with phenols and aminos 
forming azo-dyes (Gcigy, D. R.-P. 169683; Eng. 
P. 15982 of 1904). Nitro- 1 -diazo-2-naph- 
tliol-G-sulphonic and nitro-2-diazo- 
l-naphthol-5-8ulphonicacid8 give azo-dyes, 
in which, with alkaline reducing agents, the NOj 
radicle can be converted into a diazotisable NHg 
group (Kalle, G. R.-P. 176619). 

Diaminonapkthols. 

Introductory . — The diaminonaphthols have 
been isolated only in three cases, being very 
rajiiiUy oxidised on exposure of their solutions 
to the air. In the table a summary is given of 
the hydrochlorides, obtained chiefly by reduction 
processes ; the acetyl derivatives, by which the 
diaminonaphthols have been characterised ; and 
the sulphonic acids belonging to this group of 
compounds : 


NHa : NHj ; OH 
1:2:3 
18 4 ; 21 


Unknown. 6-Sulphonic acltl obtained by reduction of azo-dye from 2-amino-3-naphthol- 
C-aulplionic acid (Cassella, D. K.-P. 233g39 ; Eng. P. 15646 of 1910). 


X 

[3 


4 

11 


>1' 

Unknown. Diacetyl methyl .ether, m.p. 254° (Henrlques, Ber. 1892, 25, 3067) ; ethenyl deriva- 
tive, needles, m.p. 179° (Heermann, J. pr. -Chem. 1892, [ll.] 45, 562). 
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NHa : NHj : OH 

1:2:6 Unknown. 7-8 ul phonic acid obtained by reduction of asw-dye formed by coupling dlazotlsed 
[6 : d : 1] p-nitraniline with 2-amino-6-naphthol-7-8uli)honic acid in acid solution (liayer, D. R.-P. 
172319 ; Eng. P. 1676 of 1905). 

1:2:7 Not described. Obtained by reduction of 7-hydroxy-fj8-lnaphtliaquinonedloxime. Hydro- 
[7:8: 2J chloride, B*2iICl ; triacetyl derivative, m.p. 244“-245° (Niotzkl and Knapp, Ber. 1897, 30, 
1124). 

1:2:8 Not isolated. Obtained by reduction of 8uli)lionanilazo-2-amlno-S-naphthol (Badische, 
[7:8:1] B. R.-P. 90212 ; Eng P. 159.53 of 1896). • 

Till! 4-, 5-, 6- mono-, and 3 : 6- an<l 5 : 7- d isnlphoni c acids have been obtained from 
the corresponding 2-aiuiuo-.8-nai»htholsulptionie .acids (cf. Badische, l.c.), and the G-inono- 
Bulphonie acid from 2-aniino-H-naphthoI-(»-snlplionic aci<l (Bayer, I) R.-P. 87900 ; Eng. 

P. ()035 ol 1893) by reducing th(> azo-dyes formed by conljiling with diazotised bases. 

1:3:4 Not isolated. Oldained bv reduction of 2 • 4-fliMitro-a-napIitRo| with tin and Iiydrochloric 
[2:4:1] acid. II ydrochlond*^, |{•2H(J1, scabM, and i^ulp/intr, 15 1 needles, are both 

r.apidl.v oxidiseti in ail Ui dunnno-u-naj>hthol Hlrdv\n' and budwig, Annalon, 1870, 1.51, 312) ; 
Btflce/y/ ciern ative, needles, m p 280'', decomj) (Meerson, I5er. 1888,21, 1190) 

The 7-salphonic acid, obtained b> reduction ol naphfbol yellow S, gives hydrochloride, 

B IlPl, in neeiiles (daess, Ber. 1899, 32, 232. cf Laiilerbaeh, Ber. 1881, 14, 2028), is not 
diazolis.able, does not couple {cf. Aklienges , I) K -P 8(5448 ; Eng. P. 8(115 of 189.5), and 
IS readily oxidir.e(kt.o the dt/jwtiio-eonipound (Lauterliach, / c , (Jaess, l.c.). 

1:8:5 Unknown. The 7-snlphonic arid, olit.diied bv digesting l:3-<Iia7ninonapbtbalone-5:7- 
[6:7:1] di.sid phonic acid with (50 p c caustic soda .solution at 210’, couples witii diazotised bases 
(Kalle, J). R -P. 92239) 

1:3:8 Unknown. Tlic 6-sul phonic and, obtained siimlaiiv from 1 . 3-dianiinonaplitbalenc-O : 8- 
[0:8:1] dihvilplionic and, couples with diazotis(‘d ba.se8 (lvall(>, 1> R -P. 92239). 

1:4:2 Not isolated. Obtained by naliiction of diacctvI-l-m(.ro-l-arnino-2-n.aphthol, or of azo- 
denvatives of l-amino-2-na]>liUiol is lapidlv o\i<lis»‘(l to liluc otnznic in the air (Nietzkl 
and Becker, Ber 1907, 40, 3397; cf Kalb', I) H -l\ 19.5901), Jlifdruchloridc, B'2H(1I, 
ncedli's; R-rfmcetyZ dcrixative, m.p 250’ 200’. dccomp. (Kclirmann and Hertz, Ber, 1896, 

29, 1417) • 

1 'I'be 0-suli>honic acid, obtained i'v reduction of azo-(ienvative of l-anilno-2-naphthol- 

j 0-suliibouic and, forma hydrochloride, 15 llCl (Nict/.ki anil Becker, / c \ Kalle, l.c.). 

I 'I’iie 8-Biilplionie and, oiitaini'd by reduction ol croecin yiBow, [(sxim hydrochloride, 

\ 15 Hf'l needles, readily oxidised to tlie dimiiim-diTiyalive, and is diazotrsable (Nietzkl anil 

I Zubelen, Bor 1889,22,4.5.5). 

1:4:8 Not deseribed. Obtained by reduction of acetjI-4-nitro-l-amino-8-nuphtbol (Eichter and 
[5 .8:1] (lageur. Ber 1900, 39, 3:530). 

1:6:3 Unknown. The 7-siilphonic acid, obtained by lasing I • 5-diarnmonaphthale.nu-3 : 7-disul- 
[4:8:2] phonic aeul witJi 90 p e. caustic soda solution at 20D"-240’ lorms nei*dle.s sparingly soluble 
in hot water and <:oiiple.s with diazotised ba.se, s (Cassella, D. R -P tUOOO). 

1:6:8 Not isolated. Obtained by rediielion of 8-nitro-4-nit.r<)so-<i-napbthoI (Friedliiniier and* 
[4:8:1] 8clierzer, ey .) Hoc. C’bcm. Jnd 1900,19,3:59, Oraebe and Oeser, Annalon, 1901, :53.5, 155) ; 

or ol azo-di'nvatlves ol l-amhio-8-naphtbol (Kichter and O.ageur, lier. 1900, 39, 3333). 
Hydrochloride, B 21101; JV-rfwccti/Z derivative, needle.s, m p 247 , ZritfccZy/ derivative, 
m.p. 258“ (Eiehter and Oagetir, I c ) 

1:6:2 M.n 194“ (cf. ('assella, I). R -P. 117298 ; EngfP. 10149 of 1899) Obtained by reduction of 
1 : 0-iliuiiro-ft-nai)))thol (Loewe, I5er 1890, 23, 2543; Kebrmanu aiui Vlatis, Ber. 1898, 

I 31. 2413). Hydrochloride, B 2H(3, needles; N-diacclyl denvat.ive, ni'eilli's. m.p. 235"; 
triacetyl derivative, needles, m p. 203 " (Loewe, 1 c ). 

1:7:2 [ Scales, m p 220’ (decomp.). Obtamed by reduction of azo- deriv.iTlvc of 7-amlno-2-naphtbol 
I (Cassella, !), R -P. 1 17298 , Hng 1*. 10149 of 1899). sparingly soluble (iZnd.) : 

I N-diacetyl derivative, needles, m.p. 220" ; triacetyl derivative, needles (Kehrmann and 

I Wolfl, Ber. 1900, 33,^1.540). 

1 : (?) : 2 i Unknown. Tlie 4-sul phonic acid, obtained bv reduction of nitro-I-aralno-2-uaphthol-4- 

I sulphomc acid, gives hydrochloride In needles (Kalle, D R.-P. 249724). 

1:7:8! Not is. dated. Obtained by reduction of l-amino-7-nltroso-8-naplithnI.* Hydrochloride, 

[2 8:1] B’2I401, needles; triacetyl derivatixe, needles, m.p. 234“ (Fichler and Qageiu’, Ber. 1900, 

39, 3338). , 

! 3’hc 3 ■ O-dlsulphonic acid, obtained by reduction of azo- derivative of 1-amlno- 
8-naplitIiol-3 : O-disulphonic acid, is not diazotisable in acid solution (Hochst, D. 

92012). The 4-mouo- and 4 : 0-di-.sulpbonic acids, olitamcd .similarly from azo- 
derivatives of 1-aralno-8-naphthol-4-mono- and 4 : 0-di-sulplionlc acids, have been iritroduce<^^ 
like the 3 : O-disuIphonic acid, as }diot,ograplilc developers (Schultz, B. R.-P. 101953). 

1:8:4 Not isolated Obtained by reduction of 5-mtro-4-nitroso-n'naphthol (Friedlftnder and 

[4:6:1] ScluTzer, cf. J. Soc. Chem. Iiid. 1900, 19, 339 ; Oraebe and Oeser, Annalen, 1904, 335, 162). 
Hydrochloride, B 2HC1. 

2:3:8 Unknown. The 0-su! phonic acid, obtained by digesting 2 . 3-diarninoriaphthalene-0 : 8- 
[6 7:1] dlsulphoiiicncid with 90 p.c. caustic potash solution at 190“-200'', forms an oziminp-derivatlvc 

with nitrous acid, and couples with diazotised bases (Aktiengea., B. R -P. 86448 ; Eng. P. 
8645 of 1895). 

2:6:1 Not isolakd. Obtained by reduction of (>-nitronaphthaIcne-2-diaz()-l-oxide. Hydrochloridet 
not described ; tnacetyl derivative, needles, m.p. 261", decomp. (Gaess and Ammelburg, Ber. 
1894, 27, 2213). 

2 : 7 : 8»i Unknown. The 6-sul phonic acid, obtained by reduction of azo-derlvativeoffl-naph- 
[ 2 : 7 : 1 ]! thy!amine-6:8-dl8nlphonicacid, is not diazdtisable In acid solution (Hochst, D. R.-P. 92012). 

voL. IV.— r. ■ 2 k 
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VIII. Dihydroxy- Derivatives. 

I ntroductory . — Tho dibyclroxyiiaphthalenee, 
like the iiaphthols, can be obtained from naph- 
thalenesulpbonic acids by fusion with caustic 
alkali. For this purpose the four disuljihonie 
acids producible from naphthalene by suljihona- 
tion, six o)f the naphtholmonosuljdionic acids 
and fi-naphthol-3 ; (i-(bHulphonie acid have been 
employed. It has not been possilile to pre])are 
1 : 2-, 1 : 3- or 1 : 4 -dihydro Jiynaphlhalene by 
this method. 

Another procesH, althVnigh less general, m 
which diarninonaphthalenes, aminonaphthoLs or 
aminonaphtholsulphonie acids are heated with 
dilute niinejral acid under ])res 8 ure, leads to the 
formation of dihydroxynajihthalenes by (‘X- 
change of the Nbio radicle for OH, and — when a 
sulphonie acid is employed— ehinination of the 
SO 3 H group by hydrolysis; • 

S 

AAjsju AA()h AA()h 

I I I 1 [ I 1 " 

vv vv vv 

OH OH Nir, 

The conversion of certain of the diaininonajih- 
thalenes and annnonaphthols into dihydroxy* 
naphthalenes may iilso be efTected by the 
bisulphite method (r. ]). 410). 

For the preparation of the 1 ; 2- and J : 4- 
dihydroxynajihthalenes (naphthaipnnols), re- 
duction of the respective najihtliaquinones is the 
only practicable method. 

The diliydroxynaphthalenes, of which the 
complete series of ten is known, an' ea.sily 
soluble in caustic alkali solutions, but only 
sparingly so in cold water ; the alkaline solu- 
j tions rapidly become dark brown or black on 
exposure to the air. 

When heated with ammonia under jiressure, 
the four a/S-dihydroxyriajihthalenes yield 
amino-a-naphtbols as intermediate jiroducts, 
thus resembling B- rathei than a-najilitlpil. 

With nitrous acid the heteronucleal di- 
hydroxynaphthalencs yield mononitroso- com- 
pounds, which, when the nitroso- group occupies 
the ortho- position, funrish lakes woth chromium 
or iron salts. The nitroso- derivative formed 
from the monoalkyl ether of 1 : 8-dihydroxy- 
naphthalene is said closely to resemble 2 -nitro 80 - 
a-naphthol, and that from the 2:6- or 2:7* 
dihydroxy- derivative 1 -nitroso-^-naphthol in 
properties. 

Most of the dihydroxynaphthalenes by 
coupling with diazotised basi's furnish monoazo- 
dyes which form lakes with chromium or iron 
sails. Fastness on chromed wool is a distinguish- 
,„iiig feature of the or/Ao-monoazo- dyes proiliiccd 
by couphng the 1 ; 5-, 1 ; 7- and 2 ; d-isomeridcs 
respectively in w^eak alkaline solution with 
diazotised o-aminopheni)lsulphonic acitls (Bayer, 
I). K.-P. 167786; 164318; 164317 ; Eng.' P. 
18669 of 1902 ; v. p. 607). Azo- dyes obtained 
by coupling 1 ; 3 -dihydroxy naphthalene have 
a characteristic yellow^ shade. 

Dihydroxynadhthalenes. 

OH (i.) 1 : 2-Dihydroxynaphthalene (^-] 
A A OH ’’^^■phthuquinol, [^-'\iia'phthahydro- 
1 1 quinone) is obtained by reducing 

VV lj8-]naphthaqumone with sulpfiurous 


acid in the cold (Liebermann and Jacobson, 
Annalen, 1882, 211, 68 ; Paul, Z. angcw. Chem. 
1897, 10, 24) ; or by heating l-amino-2-naphthol- 
6 ; S-disulphonic acid with water under pressure 
above 200° (Bayer, 1). R.-P. 89242). 

Identification. — It forms scales, m.p. 60*^, 
dissolves in alkalis forming yellow solutions 
which become green on exposure to the air, and 
in aqueous solution exerts a severe caustic action 
on the skin (Liebermann and Jacobson, l.c.\ 
Paul, /.c.). The dmcetate forms scales, m.p. 110° 
(Crepieux, Bull. 8oc. chim. 1891, [iii.] 6, 168) ; 
the \ -methyl ether, monoclinic plates, m.p. 90‘5° ; 
the dimethyl ((her, m.p. 3P, b.p. 278°-280° 
(Bczdzik and Friedlander, Monatsh. 1909, 30, 
280). 

Itcficiums . — With diazotised bases it couples, 
forming azo- dyes which give red to bluish- 
vioh't lakes with aluminium or chromium salts 
(Witt, 1). K.-P. 49979 ; Eng. P. 2499 of 1889 ; 
ef. J'aul, /.r.). Jn aqueous solution with ferric 
chloride, it yields \f-~\n<t'phthnqn'i‘nonc (Zincke, 
Annalen, 1892, 268, 276). Nitric acid of sp.gr. 

1- 48 converts it into W-nitro-yB-ynaphihaijuinone 
(Korn, Hci. 1884, 17, 3024 ; cj. Zincke, lx.), 

(ii.) 1 : 3-Dihydroxynaphthalene is obtained 
when l-ammo-3-na])lithol is boiled with dilute 
acid (Friedlander, Ber. 1896, 28, 1952); or 
when l-amino-3-naphthol-4-sulphon]c acid is 
heated with watei 01 dilute acid at 120° (Fried- 
landi'r and Kudt, Ber. 1896, 29, 1609) ; or when 

2- aniiiio-4-naphthol-8-sulpDonic acid (Bayer, 

1). K.-P. 87429 ; 1>. P. Anm. F. 8070 : Eng. P. 
3680 of 1895), or 1 : 3-dihydioxyna])hthalene-7- 
mono- or 6: 7-disuljihonie acid (Bayer, 1). R.-P. 
90096; Eng. P. 4962 of 1896) is heated with 
6 p.c. sulphune acid at 236" ; or when 1 ; 3- 
dihydroxy - - najihthoic acid is heated with 

water at 100" (Metzner, Annalen, 1897, 298, 
388). 

1 deniificat am .—It crystallises from water in 
scales, m.p. 124", is almost insoluble in benzene, 
becomes rapidly browm in alkaline solution on 
exposure to tho air, and gives with ferric chloride 
a yellowish -brown precipitate. The diacetaie 
forms prisms, m.p. 66° (Friedlander and Kiidt, 
Lc.). 

Jieactions. — With diazotised bases it couples 
in *^alkaline or weak acid solution, giving azo- 
dyeft characterised by their yellow colour (Fried- 
lander aiuPRiidt, lx.). Digestion with 60 p.c. 
caustic soda solution at 180°-200° converts it 
into C| toluic acid (Friedlander and Kiidt, l.c. ; 
Kalle, D. K.-P. 79028). When heated with 
aqueous ammonia at 130'’-~140", it yields 2- 
anmo-A-naphthol or i : ^-diaminonaphtholene, 

\ a,n(iwithM\iimophenyl-2-amino-4:-naphthol. Con- 
densed w'ith phthalic anhydride and either phos- 
phoric oxide at 130°, or zinc chloride at 200°, it 
furnishes naphthajlnorescein (Friedlander and 
Kudt, l.c. ; Bayer, D. R.-P. 84990 ; Eng. P. 3497 
of 1896). 

(lii.) 1 : 4-Dihydroxynaphthalene {\a-]naphtha- 
guinol, [a-^naphthahydroquinone) is formed when 
[a-]naphthaquinone is reduced with hydriodic 
acid and phosphorus (Groves, Chem. Soc. J. 
1873, 2f), 210) ; with tin and hydrochloric acid, 
or at 140°-150° with sulphurous acid (Plimpton, 
Chem. Soc. Trans. 1880, 37, 636); or with 
stannous chloride and very dilute hydrochloric 
acid (Russig, J. pr. Chem. 1900, [ci.] 62, 32). It 
is beqt prepared by adding powdered [o-] 
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naphthaquinone to a boiling mixture of tin and 
hydrochloric acid. 

Identification. — It crystallises in needles, 
m.p. 176^ and is readily soluble in alcohol, ether, 
or boiling water, but oidy sparingly so in benzene. 
By chromic acid or other oxidising agents, it 
is converted into [a-j^iaphiJiaqumone. The di- 
acetate forms tablets, m.p. 128"-K10" (Korn, 
Ber. 1884, 17, 3025). 

Alkyl derivatives. The monmnethyl 
ether, obtained by etherification at the ordinary 
temperature with 18 ]).c. methyl alcoholic 
hydrogen chloride, forms needles, m.p. 13r^,- 
the monoethyl ether, prepared by boiling the' di- 
hydroxynaphthalene witli 3 p.c. ethyl alcoholic 
hydrogen chloride, forms needles, m.p. 105'^ 
(Wlische, D. R.-P. 173730; Kng. 1 \ 7287a of 
1900 ; cf. Russig, .1. pr. Chem. 4900, [ii.] 02, 
60). These ethois, which can also be obtained 
by heating l-ammo-4-naphthol liydrochh)ride 
with the respective alcohol under pressure at 
nO^’-lSO® (Hochst, 1). K.-l\ 234411), when 
coupled with diazotiscd amiiiosulphomc acids, 
furnish oriho-nzo- dyes (Batbscho, 1). R,-P. 
170040; Eng. r. 7287 of 1900). The dimethyl 
ether forms needles, m.p. 85^ (Kussig, 

(iv.) 1 ; 5-Dihydroxynaphthalene is formed 
when potassium a-naplithol-5-sulphonate is 
fused with caustic potash at 200' -250" (Ch've, 
Bull. Soc. chim. 1875, [ii.J 21, 513; hrdmann, 
Annalen, 1888, 247, 350 ; cf. Ewer and Jhek, 
D. R.-P. 41934) ; or when sodium najdithalcnc- 
1 : 5-disulphonatc is fused with caustic soda at 
220^-200“ (Ewer and Pick, l.c. ; Bernthsen and 
Semper, Ber. 1887, 20, 938; fSchultz, ibid. 
3101); or when 1 : 5-diaminonapbthalene or 
l-amino-5-naphthol is either heated Avith 4 
p.c. hydrochloric acid under pressure at 180° 
(Aktiengos., 1). P. Anm. A. 4029), or boiled with 
sodium bisulphitii solution and the product 
decomposed by alkali (Bucheror, J. jir. Chem. 
1904, 111.] 09, 84 ^ cf. 70, 352). 

Identification. — It ('rystallises from water 
in scales, m.p. 205° (Bentley, Robinson and 
Weizmann, Chem. 8oc, Trans. 1907, 91, 100), 
subbmos in needles, is almost insoluble in 
benzene, reduces silvci solution, and in alkaline 
solution becomes dark brown on exposure to the 
air — a property which has suggested its iise^as 
a hair-dye (Erdmann, D. R.-P. 51i73). The 
diacetate forms feathery crystals, m.p. 159°-100° 
(Bernthsen and iSomper, l.c.); the dthe7^mte, 
scales, m.p. 235° (Fischer, J. pr. Chem, *1910, 
[ii.] 94, 14) ; the monomelhyl ether, leaflets, m.p. 
140° ; and the dimethyl ether, needles, m.p. 18,*^- 
184° (Bentley, Robinson and Weizmann, l.c.). 

Eeactions. — It coujiles with most diazotised 
bases forming para -« 20 - dyes (kbscher and 
Bauer, J. pr. Chem. 1917, (ii.] 95, 205; cf. 
Erdmann, Annalen, 1888, 247, 35(^, or di^azo- 
dyes if the coupling be effected in alkaline 
solution (Badische, 1). P Anm. B. 33987 ; 
Eng. P. 10530 of 1903). With’nitrous acid, it 
gives the %nitroso- derivative (Fischer, l.c . ; 
cf. Road, Holbday & Co., D. R.-P. 08809 ; Eng. 
P. 1812 of 1890). On oxidation vdth chromic 
acid mixture, it is converted into jnglone (6- 
hydroxy-[a-]naphthaquinone; cf. Bernthsen and 
Semper, l.c.). Sulphuric acid at 50°-00° con- 
verts it into a fixture of the 2- and ^-nwnoskl- 
phonic acids, but at 100°-160° into a disulphonic 
acid. By digestion with ammonia at 250°^300° 


or by the bisulphite reaction, it yields 1 ; 6- 
diaminonaphthakne. When heated with potas- 
sium hydrogen carbonate suspended in anhy- 
drous media at 230°, a dicarhoxylic acid, m.p. 
300°, is obtained (Hemmelmayr, Monatsh, 1917, 
38. 84; D. R.-P. 290035; 200501). 

(V.) 1 : 0-Dlhydroxynaphthalene is formed 
when sodium naphthalene- 1 : O-disulphonate is 
fused with caustic soda at 230°-250° (Ewer and 
Pick, i). R.-P. 45229) ; or when ^-naphthol-5- 
sulphonic acid is fused with caustic potash and 
a little water at 200°^(3aus, ,1. pr. Chem. 1889, 
[ 11 .] 39, 310) ; or when 1 : O-chhydroxynaphthal- 
one-4-sulphonic acid is dosulphonated bj?" sodium 
amalgam (Fnedlander and Lucht, Ber, 1893, 26, 
.3034). 

Identification. — It crystallises from benzene 
in small prisms or .serrated scales, m.p. 135°, 
sublimes in .scales, is only sjiaringly soluble in 
water, and with feme chloride gives a transient 
blue colouration. . The dmectale forms prisms, 
in.]), 73° ((Tans, l.c.); the dihenzoatc, prisms, m.p. 
J03°-i01" ; 1 he ditiicihyl ether, needles, m.]), 00°- 
(>l°; and the duthi/l ether, needles, m.p. 83° 
(Fischer and Bauer, J. pr. Chem. 1 9 1 0, | ii.] 94, 2). 

Hcaction». — It couplc.s in acid solution with 
diazotised hasos forming monoazo- dyes almost 
entirely of th(‘ para- tyjic cr in alkaline solution 
gjvingf/j.'<u 2 o- fives (FiseluT and Bauer, ke.). With 
nitrous acid it yields chiefly the 2^ni(roso- mixed 
with sorn(‘ of the A-nitroso- derivative (Fischer 
and Hauer, l.c. ; cf. Read, Holliday & Co., 
1>. R.-P. 08809 ; Eng. P. 1812 of 1890). Diges- 
tion with ammonia at 150° -300° converts it into 
J : ii-diaimrionaphthalenc. When heated with a 
mixture of potassium carbonate and bicarbonate 
in an arihydnuis medium, it furnishes a mono- 
carboxylic acid, m.p. 200° (Hemmelmayr, 
Monatsh. 1917, 38, 80). Heated with an equal 
weight of phthalic anhydride at 180°-200°, it 
gives '6 : li-dihydroxynaphthafiuoran, which 
forms oxonium salts with acids (Fischer and 
Konig,Jlor. 1914, 47, 1070; 1917, 60, 1011; 
Hochst, 1). R.-P, 275897 ; cf, Konig, Chem. 
Zeit. 1914, 38, 483), but if boric acid be present 
1 : (>-diliydroxynaphthoyl-o-hcMzoic acid is the 
product, which is sweet enough to be a sugar 
substitute (Gesellsch., 1). R.-P, 311213). 

(vi.) 1 : 7-Dihydroxynaphthalen8 is obtained 
by fusing ^-naphthoi-8-sulphonic acid with 
cau.stic potash (Emmert, Annalen, 1887, 241, 
371 ; Bayer, D. R.-l». 63915 ; Eng. P. 14230 of 
1880) ; or by heating 1 : 7 -dihydroxy naphthal- 
ene-3 -sulphonic acid with dilute mineral acid 
{cf. Bayer, D. R -P. 86241); or by boiling 
1 : 7-dihydroxy-^-naphthoie acid with aniline 
to eliminate carbon dioxide (Friedlander aUB. 
Zinberg, Bor. 1890, 29, 40). ^ 

Identification. — It crystallises in needles, 
m.p. 178°, is moderately soluble in water, but 
readily so in benzene, rapidly becomes black on 
exposure in alkaline solution to the air, and with 
ferric chloride gives at first (like a-naphthol) a 
white turbidity which with more of tho reagent 
becomes blue' (Friedlander and Zinberg, l.c.). 
The dincetate forms rhombic tables, m.p. 108° 
(Emmert, l.c.). 

Reactions. — ^It couples in alkaline solution 
with diazotised o-aminophenolsulphonic acids 
furnishing monoazo- dyes (Bayer, D. R.-P. 
1043183 Eng. P. 1850^ of 1902). With nitrous 
acid it yields a mononitroso- derivative (Bayer, 
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1). R.-P. 63916). Heated, as sodium derivative, 
with carbon dioxide under pressure at 140S, it 
gives 1 : T-dihydroxy-p-mphthoic acid (Heyden, 
D. R..P. 66414). 

(vii.) 1 : 8'Dihydroxynaphthalene is 'obtained 
when either naphthasultone or a-naphthol-8- 
sulphonic acid is fused with 76 p.e. caustic 
potash soKition at 22()'^-2H0° ( [Erdmann, Annalen, 
1888, 247, 366) ; nr wdien a-nai)hthylamine-8- 
Bulphonic acid is luiated witli !> p.e. caustic soda 
solution under jucBsure at 2!J0"-2{)()“ (Hochst, 
D. 1‘. Anm. V. 1)311). It^is also formed when 
1:8- dihydroxyriaphthalene - 4 - sulphonie acid 
(Bayer, 1). B.-P. 6782!) ; Png- P- 13665 of ! 88!) ; 
cf, Heller and Kretzsciimann, Her. 1621, 64, 1068), 
or 1 : 8-dihydroxynaphthaleiie-2 : 4-(lisulphonic 
acid (Uressel and Kolhe, Per. 1864, 27, 2143), 
or naphthasultamdiHLilphonic acid I.) (Bayer, I). 
R.-P. 80668; Kng. W 4676 of 1863) is heated 
with 20 p.e. sulphuric acid 'at 160"- 200“; or 
when 1 : 8-diariiiiiona})hthalciic is heated with 
17 p.e. hydrochloric acid under pressure at 180“ 
(Aktienges., 1). P. Aiiin. A. 4028). 

Idcntifkaiion . — It crystallises in long needles, 
ni.p. 140“, or with 1 mol. in scales, oxidises 
rajudly when moist on exposure to the air, is 
only sparingly soluble in water but dissolves 
readily in benzene, apd gives with forrio chloride 
a white flocculent precipitate, which rajudly 
boeomes green. The dina Uitv foims scales, m.j). 
147“- 148“ (Erdmann, l.c.) 

Jicaciions. — With diazotised bases, it eoujiles 
in acid solution giving i-monoazn- dyes (Badische, 
i). R.-P. 5165!)), but in alkaline or acetic acid 
solution ^’.l-dimzo- dyes (TTiedlaiidcr and 
Silberstern, Monatsh. 1602, 23, 518 ; Heller and 
Kretzschmann, i.c.). With nitrous acid it iur- 
nishes a mouomiroso- derivative (Heller and 
Kretzschmann, Is.; cf. Bayer, 1>. R.-P. 51478 ; 
Eng. P. 14230 of 1886). On oxidation with 
chromic acid mixture, li. yields G-hydroxy-la-] 
naphtha(jnitUfne in small quantity (lOrdmann, 
lx.). Heated, as sochum derivative, witl^ carbon 
dioxide under jiressurc at 140“, it yields 1 ; 8- 
dihydrory-fi-iiHphllioic acid (Heyden, i). R.-P. 
5541 4). "when warmed with suljihuric acid at 
60", it is converted u)t<i) a mixture of th^ 1-, G-, 
and B>-difiulphonic acids (Badische, 1). R.-P. 
79029, 76030; cj. Eng. P. J4264 of 1861). 

By condensation with acyl chlorides or 
anhydrides m presence of zinc chloride at 140"*- 
J60“, yellow or orange dihydroxyketones (c.g. 
1 : S-dihi/droxif-^-acctoiiuphtho'ne, needles, m.pr 
100"-101“, and henzonaphthone , needles, m.j). 
121°- 122°) are obtained which form lakes wuth 
alumina, &e. (Lange, J). R.-P. 126169 ; Ling. P. 
»:D70 of 1900 ; cf, D. R.-P. 129035, 126036). 

(viii.) 2 : 3-Dihydroxynaphthalene has been 
' prcjiared by fusing j8-nap}ithol-3 : 6-diBulphonie 
acid, or 2 : 3-dihydroxypaphthalcne-6-sulphomc 
acid, with 90 p.e. caustic soda solution at 
280“-320° (Badische, i). R.-P. 67525; Eng. 
P. 16803 of 1890) ; also by heating 2 : 3-dihy- 
droxynaphthaleno-6-8ulphonic acid with 26 p.e. 
sulphuric acid at 200" {ibid. ; FnedJander and 
Zakrzewski, Ber. 1894, 27, 762) ; or 2-amino- 
S-naphthol-O-sulphonic acid with dilute mineral 
acid under pressure at 180°-200° (Hochst, i>. 
R.-P. 73076 ; cf. Friedliinder and Zakrzewski, l.c. ). 

Identification. — It forms monoclinic scales 
(Siegmund, Monatsh. 1908, 29, 1087), m.f. 100°- 
161°, is sparingly soluble in water, and gives 


with ferric chloride a dark blue colouration or 
precipitate (Badische, l.c.). The monomdhyl 
ether forms needles, m.p. 108° ; dimethyl etheTt 
needles, m.p. 115°-116°; monoethyl ether, m.p. 
109°-110°; diethyl ether, m.p. 96°-97° (Fried- 
lander and Silberstern, Monatsh. 1902, 23, 619 ; 
Silberstern, I). R.-P. 133459). 

Reactions. — With diazotised bases it couples 
giving 111 an acetic acid bath X-monoazo- dyes, 
and 111 an alkaline hath 1 : i^-disazo- dyes (Fried- 
lander and Silberstern, l.c. ; cf. Friedliiiider and 
Zakrzew^skl, l.c. ; Baihschc, D. R.-P. 62947). 
By the bisulphite method at 80° or when digested 
with 30 p.e. ammonia at 140°-160° it yields 
2-aini'no-'i-naplithol, but at 250", 2 : Z-diainino- 
naphthalene. 

(ix.) 2 : 6 Dihydroxynaphthalene is obtained 
by fusing sodv’im na})hthalcne-2 . 6-disiilphonate 
{cJ. Armstrong and Graham, Chem. Soc. Trans. 
1881, .3!), 140), or sodium /i-naphthol-O-sul- 
jihonate (Armstrong and Graham, l.c. ; Ernmert, 
Annalen, 1887, 241, 36!)) wulh caustic potash. 

Identification. — It forms rhomb-like .scales, 
in p. 218" (Wiltstatter and Parnas, Ber. 1907, 40, 
1410), ilissolves only sparingly m w^ater (1 litre 
at 14° dissolves LOS grm,) ’or light petroleum, 
shows strong blue lluoresecnco in alkaline solu- 
tion, gives with ferric chloride a yellowish-white 
precipitate, and lias a strong caustic effect on 
tlie skin. The diacdaie forms scales, m.p. 175° 
(Ernmert, l.c.) ; the dunctht/l ether, rhomb-like 
scales, m.p. 150" (Willstatter and Parnas, l.c.); 
the dielhyl etlar HCixhs, m.p. 162° (Ernmert, Z.c.). 

Reactions. — It couples fiiinishing m acetic 
acid solution l-?rmwf>«:;o-dyes (Kchrmann, Ber. 
1!)07, 40, 1962) oi in alkaline solution i-mnnoaW’ 
mixed with dimzo- dyes (Kaufler and Brauer, 
Ber. 1907, 40, 3276)". With nitrous acid it 
gives the \-niiroso- derivative (Bayer, D. B.-P. 
55126, 59268; Eng. P. 14230 of 1889). In 
boihng benzene solution it is oxidised by lead 
peroxide to 2 : ii-ruvphthaquinone. Heated with 
ammonia at 150''-300“, it yields 2 : ii-dia^nino- 
naphthalene , and with aniline at 170°, diphenyl' 

2 : i)-diaininonaj)hthalene. Monohydrate at 5° 
converts it into an acid which Bayer & Co. con- 
sider to be the 4-mono8ulphonie acid (R. R.-P. 
72C22), but Jacchia, the 1 : b-dmdphonic acid 
(Annalen, 1902, 323, 114); with sulphuric acid 
at 100" it^ives a disulphonw acid (Griess, Ber, 
1880, 13, 1959). 

(X.) 2 : 7 -Dihydroxynaphthalene is formed 
when* sodium iiaphthalene-2 : 7-di8ulphonato is 
fused with caustic soda at 290°-4100° (Ebert and 
Merz, Ber. 1876, 9, 009 ; Weber, Ber. 1881, 14, 
22()6j ; or w'hen )S-naphthol-7 Bulphoiiic acid is 
fused wnth caustn; soda (Plitzinger and Duisberg, 
Ber. 1889, 22, 398). It is also formed when 
2:7- dihydroxynaphthalene -3:6- disulphonio 
acid 18 heated with 20 p.e. sulphuric acid at 200° 
(Bayer, T>. P. Anm. F. 7243 ; Eng. P. 26074 a 
of 1893). 

Iderdifwaiion. — It forms needles, m.p. 190° 
(Clausius, Ber. 1890, 23, 620), dissolves readily 
in hot water, but only sparingly so in benzene, 
and gives no colouration wTth ferric chloride, but 
blackens rapidly in alkaline solution. The 
diacetate forms scales, m.p. 136° (Clausius, l.c.) ; 
the dihenzoate, scales, m.p. ]38°--139° (Weber, 
l.c:); ihe monomethyl ether, nee^ea, m.p. 117 , 
its acetate needles m.p. 130°, and its nitroao- 
compbund, scales, m.p. 129° (Fischer and 
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Hammerschmidt, J. pr. Chem. 1916, [ii.] 94, 
24); the dimethyl ethers tablets, m.p. 138® 
(Fischer and Kem, ibid. 34) and the diethyl 
ether^ scales, m.p. 104° (LieWmann and Hagen, 
Ber. 1882, 15, 1428). 

Reactions, — It couples in alkaline solution 
with only 1 mol. of diazotised bases giving 1- 
monoazo- (Kaufler and Brauer, Ber, 1907, 40, 
3274) or 1 ; 8-disazo- dyes (Cassella, D. K.-P. 
108166; Eng. P. 9502 of 1899). Wdh nitrous 
acid it yields the l-niiroso- derivative which 
with iron salts gives a naphthol green (Leonhardt, 
p. R.-P. 58011). Sulphuric acid at 100° converts 
it into 2:7- dihydroxipuipliOmJi^ne -3:6 -disul- 
phonic acid. It gives 2 : 1 -dia minor) aphthalene 
by digestion with ammonia at 150°-300°, or by 
the bisulphite reaction; phenyl-1 -amino- ^-naph- 
thol with aniline at 190“ ; and thi^correspondmg 
diaryl-2 : l-diaminooaphthalcrnis with arylamines 
(aniline, &,c.), and either then- hydrochlorides at 
140°- 150°, or calcium chloride at 280°-300° 
(Clausius, I.C.). 


DmYDKOXYJVArHTHALENESULPHOlNIC ACIDS. 

Introductory . — Dihydroxynaphthalenesul- 
phonic acids are seldom obtained by direct 
sulphonation, and for their preparation recourse 
is had usually to a- or ^-naiihthobdi- or tri- 
siilphonic acids, to a-napnthylamme-di- or tri- 
sulphonic acids or to aminoiiajihtholsulphoiuc 
acids. 

The exchange of the SO;,H group, or of the 
NHg and SO3H radicles, for OH in naphthol- or 
naphthylamine-sulphomc acids is effected by 
fusion with 60-75 p.c. caustic alkali solution at 
high temperatures (]80°-230°), with results 
which can be summarised thus : 

( 1 ) Exchange of the N H , 1( ir the 0 H radicle — 

In a-naphthylanunesulphonic acids, displace- 
ment of the NHg radicle by OH is achieved most 
readily when a sulphonic group is present in the 
3-, 4- or 6- position. But in ^-naphthylamvnc- 
sulphonic acids, the NHj radicle is not disjilaced 
by OH during fusion with caustic alkali, 2- 
aminonaphtholsuiphonic acids being the final 
products und(3r ordinary condi bions, 

(2) Exchange of the 8O3H for the Oil 

radicle — • 

(i.) From a-naphtholsulphonic acids, th« sul- 
phonic group in the 8- position is tlw most easily 
displaced, then that in 6, but that in 2 or 4 
resists displacement. From ^-nuphtholsidphonic 
acids, the sulphonic group in the 4-, ^ or 8-* 
position is easily displaced, but that in I or 6 
resists displacement. ^ 

(ii.) In a-naphthylaminesidpJmiic acids, tlie 
order of replaceability follows closely that 
observed with a-naphtholsulphonic acids. The 
resistance of a 4-sulphonic group to displacement 
by OH is displayed, for example, hi the products 
obtained successively from a-naphthylamine- 
4 : G-disulphonic acid by fusion with caustic 
alkali : — 



In ^-naphthylamimsulphonic acids the 4- or 
6-sulphonic group is more easily displaced than 
that in the 8- position, otherwise the order of 


replaceability agrees with that experienced t«^ith 
the^iS-naphtholsulphonio acids. 

To these rules an important exception exists. 
Reactions w'hich might be expected to produce 
1 : 3-dihydroxynaphthalene8ulphonio acids in 
the alkali fusion, lead almost invariably to de- 
composition with the formation of hydroxy- 
toluic acids (r/. Kalle, D. R.-]». 91201*; Eng. P. 
16559 of 1894 ; Hdohst, U. R.-P. 81281 ; 81333). 


I Turning to aminonaphtholsulphonic acids as 
sources of dihydroxynaphthalenesulphonic acids, 
those containing an a-amino- group exchange it 
for OH when heated with water or dilute (6 p.c.) 
mineral acid iindiT pressure. With )3-amino- 
naphtholsiilphonic acids (except 2-amino-3- 
naphthol-6-,siilphonic acid), the exchange takes 
place only when one of the other constituents, 
usually the OH radicle, is present in the 4- 
position : 

sA|ANif^_^ sMoh 

VV VV VV 

S (TH OH 

XOH al. 2 1 5** Water at 200° 


Apart from these nudhods, dihydroxy- 
naphthalenesulphonic acids have been obtained, 
but only in a few instances, from aminonaphthol- 
sulphonic acids by the bisulphite method, and 
from [a-] or [d-Jnaphthaquinonesulphonic acids 
by reduction. 

The dihydroxynaphthalenesulphonic acids 
and their alkali salts are easily soluble in water, 
the solutions when alkaline usually exhibitings 
fluorescence. When heated with dilute mineral 
acids above 200° many of them furnish the 
corresponding dihydroxynaphthak'nos. They 
give colour reactions with ferric chloride and 
bleacling pow'^der solutions, being characterised 
mainly by these and by the azo- dyes produced 
by coupling with certain diazotised bases. Sum- 
maries of the properties of many of the mono- 
and di-sulphonic acids* may be found in the 
Patent literature (r/. Bayer, I). R.-P. 85241 and 
79054 respectively). 

Azo- dyes. — For the production of azo- dyes, 
the mosl valuable of these products are the 
,1:8- dihydroxyiiaphthalene - 4 - monosulphonic, 
and the 2 : 4-, and 3 : 6-disulphonic acids, 
owing to the fact that the azo- dyes derived 
from them form lakes with chromium, aluminium 
or iron mordants {cj. Hdchst, H. R.-P. 67ji|g3 ; 
V. p. 507). As illustrating the resemblance between 
the properties of the 1 : 8- and the orthtfej* 
position, it may bo noted that, in this series,^ 
the azo- dyes which •furnish lakes are derived 
almost exclusively from the 1:2-, 2 : 3- and 
1 : 8-dihydroxynaphthalcne8ulphonic acids (c/. 
for 1:2-, Witt, I). R.-P. 49872; for 2:3-, 
Bayer, I). R.-P. 82774). The azo- dyes obtained 
from 1:3- dihydroxynaphthalene -5:7- disul- 
phonic acid are remarkable for their yellow shade 
(c/. Bayer, D. R.-P. 78877 ; Eng. P. 3032 of 1894). 

1 If the diazotised base be an ortto-hydroxy-com- 
pound, e.g. o-aminophenolaulphonlc acid, the azo- 
dyes obtained by coupling it with 1 : 6-dlhydroxy- 
napblhaIene-2- or d-sulphonio acid also furnish lakes 
with chromium salts (B&yer, D. R.-P. 166768). 
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Dihydroxynaphtfaralenemonosulphonic Acids. 


Constitution. Preparation. « 


0 : 0 : S. 

1 : 2:4 (1) Keduetion of f;3-liuiphtliaquinone-4-sul- 

j»honle acid witli sulphurous acid (Witt 
and Kautinaiin, Jier 1891 24, 3103) 

(2) Action ot hodiui/i hisiilplilte solution on 
(/iJ-|riai)litli}n|iiinonc (Haver, i), 1< -1*. 

70807 ; Eng ,P. 825 of 1893) 

1 : 2:6 Jlcduction oi [t}-]na])hthaquinone-0-sulpliome 
acid with sulphurous aiad (Witt, Her 
1891,24,3154 ; I) H -I*. 50500 ; Paul, 
Z. angew Cheiii 1897, 10,51). 

1 : 2:6 These acids obtained by reduction of the 

1:2.7 corr(‘sponding [p-]naplitha<(uinonesiilph- 

1:2:8 onlc acids (Witt„ Her 1891,21,3157). 

1 : 3:6 2 - Ammo - 4 - najihthol - 8 - sidphonie acid 

heated with wuh'r at 180"-200‘^ (Hayer, 
I). H.-P. 85241 , Eng. P. 3580 of 1895). 


1 : 3:6 (1) l-Amino-S-riaplithol-O-sulphoiue acid 

heatbd with water at 120'' (Eriedlandcr 
and Kudl., Her. 1890, 29, 1013) 

(2) 2-Amino-l-naphthol-7-auli)honic acid 
heated Tvith water at 200'’ (Hayer, 1). P. 
Anni E. 7978 ; Eng. P. 25214 ol 1894). 

1 : 3:7 1 : 3-l)ihvdroxynaphthalene-5 . 7-disulphouic 

aci(i lu’ated with 5 p c sulphuric, acid 
under pressure at 210“ (Hayer, 1). 11 -P 
90878). 


1 : 6:2 (1) Together with the 4-aeid, when 1 : .5- 

dihydroxynaphthah'ue is warnu'd witli 

C-acld. sulplmnc acid at .50“-00“ (Huclu'rcr and 
IJhlmann, J. pr. tdiem 1909, In 1 80, 235). 

(2) a-Napi)tliol-2 . 5-di.suii)lK)nic acid iicatcd 
witli 00 p c caustic soda at 250“ (Haver, 
D. K.-P. 08344 ; Eng. P. 3397 ol 1890). 

1 : 6:3 Eaphtlialone-1 : 3 : O-trisnlplionie acid fused 
witli caustic alkali (Hayer, I) 11 -P. 
100708 ; Eng. P 18569 of 19o5). 

1 : 6:4 Together with the 2-aeid {q.r.), when 1 : 5- 
dihydroxyna])hthalene is w'anned with 
sulphuric neul at 50“-00“. 


1 : 6:7 From 1 -umino-5-na}ihthol-7-sulphonic acid 
'by the bisulphite reaction (Hueheier and 
Uhlnmnn, J. pr. Chein. 1909, [il.] 80, 238 ; 
r. p 410) 

1 : 6:3 (1) Fusion ot uaphthalene-l : 3 . 6-trisulph- 

omc acid witli 90 p c caustic soda at 250“ 
(AkLienges., D. H. - P. 42201; Hayei, 
1). K. -P. 03015; cf Kalle, I) It. - P. 
89001 ). 

(2) l-AniinO'O-nHphtliol-S-sulphonie acid 
heated with water at 200“ (tkisselJa, 
I). P. Anin. C 6020). 

(3) From 2-ainin{)-5-naphthol-7-suIj)honic 
acid bv tlie bisulphite rerudJon (Hadisehe, 
1). It.-P. 12dl30; Eng. P. 1387 of 19(K); 
Huelierer, J. pr. Chem. 1904, [il ] 09, 83 ; 
V. p. 410). 

1 : 6:4 Fusion of a-naphthylaniine*4 : O-disulphonic 
acid (Dald, I). ll.-P. 57114 ; Eng. P. 736 
of 18^1) ; or of a-ehloToitaplithalene-4 : 0- 
disulphonic acid witli caustic soda at 210“- 
220 (Rudolph, I). R.-P. 104902). 


1 : 7:3 Fusion of /3-naphtliol-O : 8-dlsulphonic acid 
with caustic soda at 220““230° (Hochst, 
G-acld. I) P. Anm F. 4 1 53 ; Eng. P. 9045? of 1889 ; 
cf. Hayer, 1). R.-P. 85241). 


Acids, Si^a and Reactions. 


Sodium salt, needles ; jmtoffnum salt, sp. sol. 
prisms Alkaline solution exposed to air turns 
red, forming 2-hydruti/-[<i-]mphthaquinone. 

Nitrons acid regenerates [i3-]uaphthafiuluone-4- 
sulphonie acid. 

Does not couple (cf. Bayer, D. R.-P. 85241). 

Ammontum salt NIIaA, readily .soluble leaflets. 

Couples with diazotlsed bases lorming azo- dyes, 
which give lakes with chromium and other oxUles 
(Witt, Z.c ; 1). R.-l*. 49872). 

No deseiipt^m published. 


Alkali salts form yellow solutions which show green 
lluorescence. 

(iivi's dirty grt'cn coin with ferric chloride. 

Couples witli diazotised bases. 

Alkali salts very sohibli; ; sliow green fluorescence 
in alkaline solution ; barium salt Ha.4.>, readily 
soluble iK'cdle.s (l''rie(Uiiuder and RUdt, f.c.). 

Coiipk's with diuzotised bases (cf. Hayer, D. R.-P. 
8 tool ; Eng V. 3580 ot 1895) 


Alkali salts give yellow solutions wliich show 
intense green lluoreseeaee. 
dives bluish-lilack coin with ferric eliloride. 
Couples with diazoMscd has<‘s (cf. Hayer, D. R -P. 
80100 ; Eng. P. 4902 of 1895). 

Acid sodium salt, readily soiulde leaflets ; tlio 
alkaline solutions show Idue lluorescence. 
dives hlmsh-gn'cii eolouratiuii with ferric chloride. 
Couples witli diazotiscd bases (cj. Hayer, l.c.). 


Couples with diazotised bases (Bayer, l.c.). 


Calcium salt forms a sparingly soluble double salt 
with calcium sulphate. 

Couples with diazotised bases. 

Jcid, scales, crystallises with i mol. of alcohol. 
Couples lytli diazotised bases. 


Soc/Hum salt, sparingly soluble, show.'} in alkaline 
solution reddish-blue lluoroseence, 
diviis green colouration with ferric eliloride. 
i<’ornis a yellow easily soluble nitroso- compound 
(Cassella. l.c.). 

Couples with diazotised bases (Bayer, D. R.-P. 
85241 ; Eng. P. 3589 of 1895 ; Cassella, l.c.). 


Acid and acid sodium salt, sparingly soluble leaf- 
lets ; alkaline solutions show violet fluorescence. 

Forms a sparingly soluble yellow nitroso- deriva- 
tive (Rudolph, l.c.) 

dives green colouration with ferric chloride. 

Couples with diazotised bases (Dahl, l.c.). 

Acid sodium salt readily soluble needles ; alkaline 
solutions show blue fluorescence. ^ 

Gives green colouration with ferric chloride. 

Couples with diazotised bases. 
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Constitution. 


Preparation. 


0 : 0:8 

1 : 7:4 


1 : 8:2 


1 : 8:3 

f-acld. 


1 : 8:4 

S-acid- 


2 : 3:6 

R-acid. 


(1) Fusion of 2-carboxy-a-naphthoI-4 : 7- 
disulplionic afid with caustic alkali at 
230“-290° (Bind.sch., 1). ll.-P. 81938; 
Eng. 4G29 of 1894). 

(2) 1.7-Oiliydroxy-2-carboxynaphthalcno-4- 
Bulphonlo a(!id heated with 30 T).c, caustic 
soda under pressure at 140'’ -lOO ’ (Blndsch., 
1>. K.-P. 839G5). 

1 • Amino - 8 - naphthol - 7 - sulphonie acid 
heated with hnn^ and water under pre ■ 
sure at 2rj0" (Bayer, 1). T. Anin. F. 
7£.09). 

(1) a-Naphtbylamine-S ; 8-disulphonic acid 

heated with 9 ji.c. caustic soda under 
pressure at 22O'’-2 ."j 0" aiochst, O. P. Anin. 
F. 7112). ^ 

(2) Digestion of a-naphthol-3 : S-disuljthonic 
acid or of »-napbthol-G : 8-disulplioni(* acrid 
with 50 p.c. caustic soda at 170“-210" 
(Kalle, D. ll.-P. 82422). 

(3) l-Ainino-8-nai)hthol-:i .5-disulpbonic acid 
Jieatc'd with water at 200"' (Leordi.ardt, 
1). P Anm. F. 8G2G: Eng. P. 19253 of 
1895; Cassella, D. 11 -P. 108848). 

(1) Fusion oi tb(' following with caustic alkali 
or caustic alkali solution: a-naphthol- 
4 : S-disulphonic acid (Buyer, 1) K -P 
.54110, 07829; Eng. P. 13GG.5, 18517 of 
1889) nr o-naphtlioI-5 . 8-(lisulpbomc acid, 
nr its siiltone (Paver, D. R -P 80007; 
Eng P. 1227 of 1894); alsoofa-naphthyl- 
ainine- 4 : 8 -disiilphonic acid (Bayer, 
D. It.-P. 71830; Badische, D. ll.-P 
918.55; Eng. P. 9894 ol 1893), or a- 
napiithyhuninc - 5 : 8 - disulphonic, a<!id 
(Baver, 1). ll.-P. 77285 , Eng P 1227 ot 
1894) , also ol l-anuno-8-naphtliol-4- 
siilidioiiic acid (Bayer, D. ll.-P. 75319; 
80315); or l-ammo-8-naphtiiol-5-sulph- 
onic acid (Bayer, D. 11 -P. 75055; Eng. P. 
152G9 of 1893). 

(2) 1:8- l)iaininonaplithHlenc-4-sulphoulc 
acid heated with milk of lime at 230'’ 
((!assella, D ll.-P. 7.5902) 

(3) From l-ammo-8-uuphthoI-4-sulphonic 
acid (Bayer, 1). 11 -P. 109J02 ; Eng. P. 
10807 of 1899), or 5-sulphonie acid 
(Bucherer, .1. pr, Chem 1904, [ii.j 09, 8G) 
by the bisulphite reaction (v p 41G). 

Fusion of ^i-naphthol-3 ; G-disulphonic acid 
with caustic soda at 240'’-280® (Badisclu*, 
1). ll.-P. 57525; Eng. P. 1.5803 of 1890; 
Hochst, D. P. Anm. F. 4163; Eng. P. 
9G42 of 1889 ; Fried lander auTl Zakr- 
zewski, Ber. 1894, 27, 70S). 


2 : 7 : 3 ^ 

F-acId. 


Fusion of /3-iiaphtliol-3 : 7-disulj|honic acid 
with caustic alkali (c/. Akticiiges., D. ll.-V. 
6395G ; Bayer, D. R.-P. 85241). 


* Acids, Salts and Reactions. 

# 

Acuf *and acid salts readily soluble; alkaline 
solutions show violet lluorescence. 

(Jives green colouration with ferric chloride. 

Couples with dlazotised bases. • 


Add sodium salt needles, shows reddish- violet 
Huor(‘sC(!ue(‘ m solution. 

(lives green col(mrati(»n with fcrrli; chloride. 

Couples with dlazotised bases. 

And. sodium salt sparingly soluble needles ; alkaline 
solutions sliow blue tluori*sceucc (Kalle, l.r.). 
(Jives green colouration wltii ferric chloride (Kalle, 
Ic). 

Couph's with diazotised bases (rf. Bayer, D. R.-P. 
85241). 


Acid forms three .series of salts, all easily soluble ; 
moHosodium salt KaH^A, sdky leaflets; di- 
sodium salt leaflets; mono- 

hanum salt Balf^A.}, maalles ; dtharium salt 
lU41A-MJH.i(> (Ba.ver, D R.-P. 07829; Eng. P. 
130(15 of 1889) Basie salts (tnsodium, &c.) 
sliow lilmsh-greeii lluoreseence in solution. 

(lives dirty green precipitate with ferric chloride. 
Couples w'ith diazotised liases, giving azo- dyes 
winch have the property of forming lakes with 
chromium and other oxides (r/. Bayer, D. R.-P. 
01707 ; 07829 ; 00093 ; Eng P. 5984 of 1891). 
For nionoalki/l d(!rivativ(*s artd for azo- dves obtained 
by coupling them with diazotised bases, cf. 
Bayer, I). R.-P. 73741; 78937; Eng. P. 3495 
of 1893. 


Acid .9(idmm .salt, sp .sol leaflets, shows reddish-blue 
fluorescence in alkalwe solution ; barium salt, 
BaA^, sp. sol. {cf, Bayer, D. R.-P. 85241). 

Gives Intense violet coin, with ferric chloride. 

Couples with diazotised bases, giving azo- dyes 
which lorm lakes with metallic oxides (cf. 
Bayer, J). R.-P. 82774). 

Sodium salt, sparingly soluble crystalllno powder, 
shows bluish-violet fluorescence in solution. 

Gives deep blue colouration with ferric chloride. 


Dihydroxynaphthalenedisulphonic Acids. 


Constitution, 

Preparatton. 

Acids, Salts and Reactions. 

0:0:S:S 

1 : 2 : 3 : 6 * 

. and 

1 : 2 : 6 : 8 

(1) Acid sodium salt of l-amino-2-naphtliol- 
3 : 0- (resp. 0 : 8-)disulphonic acid boiled 
with water (Witt, Ber, 1888, 21. 3480' 
D. R.-P. 49857). 

(2) Reduction of [/3-]naphthaquinone-3 : 6- 
(resp. 6 : 8-)di8ulphonIc acid with sul- 
phurous acid (Witt, Ber. 1891, 24, 3157). 

Add sodium salts, readily soluble leaflets ; decom- 
pose very rapidly In alkaline solution (^. Bayer, 
D. R.-P. 79054). 

Do not couple with diazotised bases (Bayer, l.c . ; 
cf Witt, Ber. 1891, 24, 3150). 

Precipitate gelatin or basic aniline dyes from 
solution {mphthatannins ; cf. Witt, D. R.-P. 
49857). 


^ The acid d»flcrlbed as 2 ; 6-dlhydroxynaphthalone-4-8ulphonlc acid (Bayer, D. R.-P. 72222) is considered 
by Jacchia to be a disulphonic acid (Annalen, 1902, 323, 131). • 

* The 1 : 2-dihydroxyiiaphthalene-3 : O-dlsutahonlc acid is also formed when^l : 2-diamlnoiiapiithalene-3 : 6- 
disulphonlc acid ia heated with dilute mineral acids {cf. Cassella, D. R.-P. 72584). 
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DIM iTDROX YNAPHTHALENES. 


Constitution. 

0 :0:S:S 

1:3:6. 7 

Yellow 
acid. « 


1 : 6 : 3 : 7 
Red acid. 


1:B:(2):(4) 

1 :(7):(2):<4) 

t : 7 : 3 : 6 
A-acid. 


1:8:2:4 

S-acid. 


1:8:8:B 

K-acid. 


1 Ts : 3 : 6 

***1bhromo- 
trope acid 


Preparation. • 

I — 

(1) Mixed witli 30 p.c. of ‘/ed' acid, by 
heating naphtliah'.nc-l : 8 : 5 ; T-tetrasul- 
j)tionic acid or n-napiithoI-S : 6 : 7-t.ri8ul- 
pltf)iiie acid witli 00 p.c. caustic soda at 
180"-20(r (liaycr, D. R. - P. 79054; 
8()4f;4 j Eng J*. 25074 of 1893). 

(2) 2-ATnin()-4-naphthol-0 : S-disulphonic acid 
healed witli watei*under pressure at 210 "- 
220" (Jiaycr, J3. Jl.-P. 89242). 

• 

(1) n - Eaplitliol -3.5:7- trisiilpl ionic tieid 
iieated witli 50 p c. caustic soda at 150 
100" (Kalle, Jl. V. Alim. K 12732) 

(2) Mixed witli 70 p c. of ‘ yellow ’ acid from 
naiilitlialene-l : 3 . 5 . 7-tetrasiilplioiiie acid 
and GO p.c. caustic soda at 180"-200''. 


1 : 5 - Dlhydroxyn'aplitlialeiie sulidionated 
with Bulplmric acid at 100"-1G0‘' or witli 
anhydro-acid in tiie cold (Ewer and Pick, 
D. R.-P. 41934). I 


Fusion of a-uaphthol-2 : 4 * 7-tiisiiiphonic 
acid with caustic alkali (cf. Iloelist, 
D. R.-P. 07420 ; Eng. P. 18783 of 1P91) 


Acids Salts and Reactions. 


Sodium salt, readily soluble ; potassium salt, 
leaflets ; alkaline solutions show green fluores- 
cence ; barium salt BaA, moderately soluble 
needles (Friedlandcr and Rudt, Ber, 1896, 29, 
1013). 

Gives blue colouration with ferric chloride. 

Couples in alkaliuo solution with diazotised 
bases, giving azo- dyes of yellow shade, ((,/. Bayer, 
D. R -P. 78877 ; Eng. P. 3032 of 1894). 

Potassium and sodium s.ilts readily soluble needles 
m alkaline solution shows bluish-violet fluores- 
cence (Bayer, 1). R.-P. 79054). 

Gl^es bluish-green coin with feme chloride. 

Couples in acid or alkaline soliilion (e/ Bayer, l.c.) 
with 1 or 2 inols. {cf. Xalle, l.c.) of uiazotised 
bases, gn^ng azo- dyes 

JSIo dcHcilption published, but acid said to couple 
with diazotised bases (Ewi'r and Pick, l.c . ; cf. 
2- and 4-inonosulphouic acids). 


JSo description publLslied. 

Couples with diazotised Imses (Rochst, l.c.). 


Mixed with 30 p.c. of tlu‘ 2.3:0. 8 -aeld, liy 
fusion i3-imphthol-3 : 0 ; 8 -trisul phonic 
1 acid with caustic alkali at 230"-240" 
(Hoehst, I) P Alim F. 4154; Eng P. 
9042 ot 1889; D R -P 07.50:1; cf Fncd- 
landor and Silbersterii, Monatsli. 1902, 23, 


(1) l-Amino- 8 -naplitlioI- or iiaplithasnltaiii- 

2 : 4-disnlphonic acid heated with 80 p c. 
caustic .soda solution at 2.50" (Bayer, 
J>. R-P. 77703, Eng. J* 4979 of 1893, i 
Cassclla, U It. - P. 81282; Dressel and | 
Kothe, Bit. 1894, 27, 2142) i 

( 2 ) l-Ammo-8-napbthol-5 . 7-disulplionic acid I 
heati'd with dilute caustic soda solution 
above 250" (liadiseln*, D. P. Anm, B, 
30J42 ; Eng. P 18924 of 1893) 

(3) Fusion of u-napiitbol-2 4 . 8 tnsuJpbonic 

acid Mitli caustic alkali at 210“ (B.ijcr, i 
E. R.-P. 57021 ; Eng P 3:i*'.7 ol 1890 ; | 
Dressel and Kothe, Ber, 1894, 27, 2144). ■ 


Sodium salt Na 2 A, siiaringly soluble needles ; 
alkaline solutions show biuish-green fluore,socnce. 

Forms a dark blue precipitate with lormaldchyde 
and bydroclilonc acid (I'riedk'lnder and Sllber- 
stein, I c.) 

Gives fleeting blue coin with ferric clilorlde (ibid.). 

Coiiplch with diazotised bases (llodist, l.c.). 

Disodium .salt readily .soluble needles, showing 
land, blue Ihum'sceiice in .solution ; tnsodium 
salt JVaaUA-t 4 IJ 2 O, nvidily soluble prisms, 
lormed in alkaline solution, shows greenish 
fluoicsccnce (Dressel and Kothe, l.c.). 

Foiiihs a solultle orange, mononitroso- compound 
(Casst'lla, I r ; Dressel and Kothe, l.c.). 

Gives green colouration with ferric chloride {cf. 
Badische, I c ) 

Cou])les wuth diazotis(“(l ba.ses {cf. Bayer, D. R.-P. 
73551 ; Eng P. 18517 ol 1889). 

In acid solution with dichromate gives black dye 
on wool (Cassella, l.c,). 


(1) Fusion of a-naphthol-4 : 6 : S-trisulphoiiic 
acid with 70 p.c caustic soda solution 
under pressure ot no^-lhO" (Bayer, 
D. P. Anm. F. 7004; Eng. P 171410 ol 
J893; cf Kalle, Eii» P 1041 of 1894). 

{'f!) l-Ainino-8-iiaplithol-3 • 5-disulphoulc acid 
heated with 7 p.c. caustic soda solution 
under pressure at 210" (Leonhardt, 1). P. 
Amn. F. 8082; Eng P 21919 of 1895; 
Cassella, D. R.-P. 108848). 

(3) l-Amino-8-naphihol-4 : 0-iUsulphonie iicid 
Iieated with 70 p.c. caustic alkali solution 
above 240“ (Ba>er, D. R.-P. 80741 ; 
Eng. P. 171410 of 1893). 

(1) a-Naplitbol-8 ; 0 : 8-trlHuIphonic acid or 
Ite siiltone heated with 00 ji.e, caustic .soda 
at 170“-220“ (Hoehst. D. R.-P. 07503). 

(2) l-Amiiio-8-paplithol-3 ; O-disulplionlc acid 
heutiHl with 6 p.c. caustic soda under 
pressure at 205" (Bayer, D. R-P. 68721 ; 
Eng. P. U322 of 1892). 

(8) 1 : 8-I)iaminonaphtlialene-3 : 6-disulph- 
onic acid heated with 5 p.c, caustic soda 
under pressure at 200““280“ (Baver, 
D. R.-P. 69190; Eng. P. 11522 of 1892), 
or with dilute mineral acids or water 
under pressure at 150“-100“ (Cassella, 
D. R.-P. 76153). 

(4) 8-Chloro-a-naphthol-3 : 6-disuJphonic acid 
fused with caustic alkali (Badische, 
D. R.-P. 147852). 


Disodium salt readily soluble noodles ; solutions 
of acui salts show faint blue fluorescence {cf. 
Bayer, D. R.-P. 79054). 

‘Forms a readily soluble yellow tiitroso- derivative. 
Gives green colouration with ferric chloride (Bayer, 
Ic). , 

Couples with diazotised bases (Bayer, D. P, Anm. 
F. 7004 ; Eng. P 171410 ot 1893). 


Acid forn^ four series of salts, two strongly 
aci.l, one neutral, one basic. Disodium salt 
EajjHaA 1 - 2 H 2 (), readily soluble In water, and 
acid towards sodium carbonate ; alkaline solu- 
tions show violet- blue fluorescence. Barium 
salt BaH2A-f3H20, small leaflets, which in 
solution with sodium carbonate yields the 
sodium barium salt BaNaHA-PSH-O, In needles 
(Hoehst, l.c.). 

Gives grass-green coin, with ferric chloride {ibid.). 

\ Couples with 1 or 2 inols. of diazotised bases, 

I giving ort.ho-azo- dyes (Hantower and Tftuber, 

! Ber. 1898, 31, 2156) which form lakes with 
cliromluni salts {cf. Hoehst, D. R.-P. 59161). 

In acid solution with dichromate Bivea brown dye 
on wool (Hoclist, D. R.-P. 77662). 

For monoalhyl derivatives, cf. R.-P. 

73251 ; 73741 ; Eng. P. ^98 of 1893. 

For, (Mofo- derivative and derived a«o- dyes, of. 
HOchst, D. R.-P. 153195. 
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Constitution. 

Preparation. 

» Acids, Salts and Eeactious. 

0:0:8:S 

1:8:?:? 

I-acld. 

1:8:?:? 

G-acid. 

1:8:?:? 

R-acid. 

1:8- Dihydroxynaphthalcno sulphonated 
with sulphuric acid at 50" and the respec- 
tive products separated by means of their 
barium salts, of which tliat of I-acld is 
least and ot R-aeid most soluble (Badlscho, 
Eng. P. 14294 of 1891 ; D. ll.-P. 79029 ; 
79U3U). 

• 

Sodium salts very readily soluble, show blue 
fluorescence in alkaline solution. 

Give green colourations with feme chloride. 

Couple with diazotised bases, forming azo- dyes, 
which, if from l-acid are worlliless, but from 
G-acid valuable (cf. Bayer, D. ll.-P. 79054). 

» 

2:3:6:8 

B-acid. 

Mixed with the 1:7:3: O-acid, by fusion of 
/3-naphth(jl-3 ; fi . 8-trisuli»h()nic acid with 
caustic alkali and acparaUal Irom the Ic.s 
soluble isomcride by Iractional j)reciplta- 
tion with brine (llocliat, D Il-l*. 0756:J ; 
cj. Enedliiuder and Silbcrstern, Monatsli., 
19U2, 23, 527). 

Sodium salt Na 2 A + 31H20, easily soluble needles, 
shows bluish-violit lluorescence in alkaline solu- 
tion ; barium salt BaA, sp sol needles. 

Gives violet coin, with feme cldoridcj, but no pre- 
cipitate with formaldeliydc and liydrocliloric 
acid (Fnedlaiider and Silbcrstern, l.c.). 

Couples with diazotised bases (ibid.). 

2 : 7 : 3 ; 6 

(1) 2: 7-I)ihydr(jxynai)]|atlialene snlplionated 
with sulphuric acid on a water bath 
(Akticnges , 1). R.-l*. 75142 ; Eng. P. 
10199 of 1893). 

(2) ^ - JN aphtliol -3:6:7- tnsnlpTionie acid 
heated witii GO p.c. caustic soda solution 
und('r pressure at 22()'’-30U" (Bayer, 
D. Jk Aiini. E, 7243 ; Eng. P. 2.5074 a of 
1893). 

Acid sodium salt moderately soluble ; potassium 
salt, large ne<*dles , barium suit, almost insoluble ; 
salts show Iduish-grceai lluoiesceueo in alkaline 
solution (ef. Bayer, D. 11 -P. 79054). 

Forms a sp. soluble orange nitroso- compound. 

Gives deep blue colouration with ferric chloride. 

Couples in alkalmo solution witli 1 mol. of diazotised 
bases (Bayei, D. P. Anm. F. 7243). 


TrIH y DKO X Y NAPH Tir ALE N ES. 

Introductory. — The trihydroxynaphthalones 
have little technical interest. The methods j 
available for their ]jroduction are fusion of 
naphthalene- or naphthol-sulphonic acids with 
caustic alkali, and reduction of hydroxyuaphtha- 
quinones, but the number of isomorides they 
can give is limited by the small number of 
acids or quinones available. Only six of the 
fourteen isomeric trihydroxynaphthalencs have 
boon isolated and characterised, but sulphomc 
acids of two others are known. The azo- 
dyes obtained from those that couple with 
diazotised bases are unimportant. 

OH (i.) 1 : 2 : 3-TrihydroxynaphthaIene 
/\ A OH il^ctphthapyroyallol), obtained by boil- 
1 1 ]()H mg j<<fonaphthazarin with zinc and 
VV dilute sulphuric acid (Zmcke and 
Ossenbeck, Aimalen, 181)9, 307, 18), is crystalline, 
and gives a triacetate, in prisms, m.p. 260‘^-256‘' 
(Zincke and Noack, Annalen, 1 807, 296, 19)t 

(ii.) 1:2: 4-Trihydroxynaphthalene, fo'rmed 
by reduction of hydroxy-[a-]naphthaquinon 0 
with tin and hydrochloric acid (Graebo and Lud- 
wig, Annalen, 1870, 154, 324) ; or by h^rolysis 
of the triacetate with alcoholic hydrogen chloride* 
(Thiele and Winter, Annalen, 1900, 311, 346; 
Bayer, 1). R.-P. 101607 , Eng. P. 10690 of 1«98), 
crystallises in needles, m.p. 164°, and in alkahne 
solution absorbs oxygen giving hydroxy -{a-^naph- 
thaquinone. 

The triacetate, obtained by jjeatmg [a-] or 
[j8-]naphthaquinono and acetic anhydride with 
a small quantity of sulphuric acid (Bdyer, l.c. ; 
Thiele and Winter, l.c. ) or phoa^ihoric acid (Bayer, 
D. R.-P. 107508 ; Eng. P. l.c.) at 30“-40°, or 
zinc chloride at 50'’-(>0‘^ ('Thiele and Winter, 
l.c.), crystallises in needles, m.p. 134°-135°. 

(iii.) 1:3: 6 - Trihydroxy naphthalene, 
unknown. The7-sulphonic acid is formed when 
naphthalene-1 : 3 : 5 : 7-tetrasulphonic acid {or 
the a-naphthol-3 : 5 : 7-tri8ulphonic acid or the 
1:3- or 1 :6-dihydroxynaphthalenedisulphonic 
aoid obtainable from it) is fused wit^ caustic 
potash at 280® (Bayer, D. R.-P. 80464; Eng. 


P. 10624 of 1893). Its potassium salt separates 
HI needles, and couples ^ith 1 or 2 mols. of a 
diazotmed base, foiming azo- dyes (Bayer, ID. 
R.-P. 87583 ; Png. P. 1229 of 1894). 

(IV.) I : 3 : 6 ■ Trihydroxynaphthalene,^ ob- 
tained by fusing 1 : 6-dihydroxynaphthalene-3- 
sulphonic aoid with caustic soda at 250°-270° 
(Kalle, 1). R.-P. 112176; Meyer and Hart- 
mann, Ber. 1906, 38, 3950) forms doubly re- 
fracting crystals, m.}). 95®; a hydrochloride in 
yellow lieetUcs ; and a triacetate, needles, m.p. 
112®-! 13®. it couples with diazotised bases 
forming azo- dyes. • 

(v.) 1:3: 8 -Trihydroxynaphthalene, 
unknown. The 6-sulphonic acid, obtained by 
fusing a-naphthol-3 ; 6 : 8-trisuiphoiiic acid, or 
1 : 8 - dihydroxynaphthalcno - 3 : 0 - disulphonic 
acid Vith caustic ijotash at 310®-320®, forma 
easily soluble alkali .salts, which show greenish- 
blue fluorescence in solution, and couple with 
1 or 2 mols. of a dia^itised base forming azo- 
dye.s (Bayer, H. R.-P. 78604; Eng. P. 17141 g 
of 1893), 

(vi.) 1:4: 6 Trihydroxynaphthalene ([a-[%- 
drojuglone), mixed with about one-fifth the 
amount of l)3-]hydrojugrone, is present in the 
shell of the walnut, whether rijjo or unripe, 
and is insoluble, whereas the [)3-] form is easily 
soluble in chloroform (Mylius, Ber. 1884, \1, 
2412 ; 1885, 18, 2668). If merely melted the 
[a-] compound gives an equilibrium mixture 
containing about 75 p.c. of the [B-] form, w'hile 
an alkaline solution of the latter regener»teif 
the [a-] compound o^n acidification, the isomer- 
ism being keto-enolic (Willstatter and Wheeler, 
Ber. 1914, 47, 2796). The [a-] compound 
separates from water in scales or needles, m.p. 
148® (Mylius, m.p. 168®-170®). With ferrio 
chloride it gives juglone, and with acetic anhy- 
dride yields the triacctatei^ of the [jS-] form in 
prisms, m.p. 129“-130®. [^-]Hydrojti{ilone cryst- 
allises in hexagonal tablets, m.p. 96®-97®* 

1 A polymeride C 2 qHio(OH)„ possibly a dinaphthyl 
derivative, of which the hexacetate crystallises in scales 
m.p^ 200", is formed by boiling the aqueous solution 
of this trihydroxynaphthalene (Xalle, l.c . ; Meyer and 
Hartmann, l.c.). 
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(vii.) 1:4:6- Trihydroxynaphthalene, ob- 
tained by reducing 6-hydroxy-[a-]naphfha- 
quinone with stjinnous chloride, forms star-like 
groups of needles, m.p. highly oxi- 

disublc ; the inaceiate, needles, m.p/ 94°-96'^ 
(Fischer and Bauer, J. pr. (-hem. 1 916, (ii.] 94, 8). 

(vjii.) ) : 6 : 7 - Trihydroxynaphthalene, ob- 
tained when 1:6: 7-trihydroxynaphthalenc-3- 
8ulj)honic acid is li(;atcd with water or 6 p.o. 
sulphuric acid under pressiye at 2 10° -220° 
(Cassella, 1). ll.-V. 112098; Eng. P. 271145 of 
1898; Friedlander and Wilbersiern, Monatsh. 
1902, 23, 530), forms nerdlos, m ]). 175°; its* 
inaceiate, needles, m.p. 143 ' 144°; and tri- 
methyl ether, prjsms, ni.]». J27°-I28°. Jt couples 
in the 4- position with 1 mol. of a dia/otised base, 
giving azo- dyes wdiieh form lakes with chromium 
or iron salts ((Jassella, 1). R.-P. 110618 ; Eng. P. 
f.e. ; D. R.-P. 110904). 

The 3-8ulphonie acid, prepared from j8- 
naphthol-3 : 6 : 8-trisulpIionie acid by piolongcd 
fusion with caustic alkali at 24()°-260°, gives a 
bariuin salt BaA.^, in sparingly soluble leaflets, 
a sodium salt in siiaringly soluble needles, 
and with formaldehyde and hydroehloric acid 
a violet precipitate (Fnedlamler and Hilberstern, | 
Lc.). With diazotised bases it couples, forming 
azo- dyes (e/. Hdehst, ‘JJ. R.-B. 67426; Eng. P. 
18783 of 1891). 

AMINODraYDEOXYNArUTlIALENKS. 

The aminodihydroxynaphthalenes are of 
interest chiefly in relation to hydroxynaphtha- 
quinoneoximes (mtrosodiliydioxynajihthalenes) 
and have no technical value. Little is known 
about them, tlie hydroehloiide and the triacetyl 
derivative being almost the only definite sub- 
titances isolated in each ease. 

K : 0 : 0 [Nll2-Ci„Hs(On)2l 
1:2:3 Becomp, 230" (Friedlander and Silbcr- 
stern, Monatsh 1902, 2:i, f>21) 

1 : 2 : 4^ Not isolated. Tnacetyl derivative, tab- 
14 : 1 ; 3J Jets, m.]). IS.O'-IGC" (Kehrnianil and 
Hertz. Her 1890, 29, 1419), 

1:2:6 Not isolated Obtained by reduction of 
azo- derivative ol 2 • O-dihvdroxynaph- 
tiialeiie (Kelinnann, Jler 1907, 40, 19()2) 
The 4-salp Ironic acid is obtained 
by reduction ot l-nitroso-2 . 6-tliliy- 
drcocynaphthidene witli sodium liisiil- 
phlte solution (llayer, J). ll.-P, 87900 ; 
Eng. P. 0035 ot 1893). 

1:2:7 Not i,solated. Obtained by naluetlon of 
nltroso-2 : 7-dil»ydr()xyuaphtbalei)e(01aii- 
eius, Per. 1890, 23, 521). 7'mccfj// deriva- 
tive, ni p 1 83" ; tetm-acetyl dijrivative, 
m.p. 135" (Nietzki and Knapp, Her. 
1897, 30, 1123). 1 -Methyl ether, leaflets, 
m.p 170"; 2 : 7-(f(MU’fA2/f ether, needles, 
m p. 82"- 83" (Fisclier and Kern, J, 
pr. Chern. 1910, [ii ] 94, 20). 

Tlie 4-sulplioiiic aeid Is obtained 
by reduction of l-nitroflo-2 . 7-dihydroxy- 
naplitlialene vvitli sodium bisulphite 
solution (Payer, V.c.). 

1:3:4 Not isolated, Tnacetyl derivative, prlsniB, 
[4:1:2] m.p. 193" (Kehrmuun, Per, 1894, 27, 
3340). 

1:4:7 Easily oxidisable (Fischer and Bauer, J, 
[4:1: 6] pr. Chem, 1916, [li ] 94, 7). 

1:5:8 Not isolated. Triacetyl derivative, needles, 
[6:1: 4] m.p. 105" (Graebe and Oeser, Aimalen, 
1904, 335, 149). 

^ An amlno-1 : 3-dlhydroxynaphthaIene, m.p. 162°, 
which may have this constitution, has been de.scribe(i 
by Zlncke and Wiegand (Annalen, 1895, 286, 89) ^ 
and a second, possibly the 2-amino- 1 : 3-derlvaHve, 
hits been isolated by Frlediandef and Eiidt (Ber. 1896 , 

2W 1611). 


1 :( 6 ): 8 Unknown. Tho(3)-sulphonic acld.ob 
[8:1; (3)] talned by fusing l-amino-8-naphtho] 

3 : 6-disulphonlc acid with 60 p.c 
caustic soda solution at 210", Is diazotls 
able (Payer, B. R.-P. 75097). 

2 : 1:4 Not isolated. 'Tnacetyl derivative 
needles, m.p. 259"-260" (Kelurmann 
Per. 1894, 27, 3343). 

2 : 1:6 Stellate groups (Fischer and Pauer, J. pr 
Chem. 1917, [il.] 96, 262). Very sensi 
tivp to light. 

2 : 1:6 Un.stahle. 'Tnacetyl derivative, needles 
mp. 150" (Fischer and Pauer, J. pr 
Chem. 19J0, [il.] 94, 5). 

2:3:4 Needles, m.p 104". Tnacetyl derivative 
I 13 : 1 : 2] needles, dccomp. above 200° (Zlnck 
and Noack, Annalen, 1897, 295, 13). 

2 : (3) : 8 Unknown. The(0)-Hnlphonie acid.ob 
[7 ; 1 .(0)1 taiiH'd by fusing 2-amino-8-naphthol 

3 : O-disulphonie aeid vvitli caustic alkal 
at 240”- 280", is diazuiisable (Hochst 
B. ll.-P. 53023; Eng. P. 15175 of 1889) 


TKTRAIIYDKOXYNAPin’HALENES. 

1:2:3: 4 Tetrahydroxynaphthalene [Leueo- 
iaonaphlhazarin), obtained from icvomiphthazarm 
by reduction, forms easily soluble scales, and 
its tetra-acetyl derivative, needles, m.p. 220°. It 
1 .S readily oxidised to t-sonajilithazarin, and 
reduced to 1:2; ‘6-lnhydroxytiaphihalene (Zincko 
and Ossenbeck, Annalen, 1899, 307, 16). 

1:2:5: 8-Tetrahydroxynaphthalene {Leuco- 
naphlhazdim) obtained when naphthazarm 
IS boiled with alcohol, stannous ehloiide, and 
hydroehloric aeid (Zineki* and Selumdt, Annalen, 
1895, 286, 37); or when a boiling aqueous 
siilution of ‘ naplitliazarin melt ’ is reduced 
bv iron (Baihsche, 1). R. -R. 129074; Eng. V. 
23887 of 1900), forms needles, m.p. 154°, and 
it« ielra-acetyl deiivative, minute jirisms, m.p. 
277"-279° (8chuiick and Marchlewski, Bor. 
1894,27,3463; Zmeke and Schmidt, ke. ; Lie- 
bermann, Ber. 1895, 28, 1457 ; e/. Wheeler and 
Kd wards, J. Amer. Ohem. Soc. 1916, 38, 387). 
It IS readily oxidised to naphthazarin, and is a 
substantive dye which when oxidised with 
chromic acid on the fibre gives black shades 
(Badische, lx.). 

DlAMINODIflYDROXYNAPHTHALENES. 

Several diammodihydroxynaphthalenes have 
been ^described, but only those which furnish 
clues to the ejmstitution of disazo- dyes obtained 
from dihydroxynaphthalenes need be mentioned 
here. 

* 1 : 4-^)iamino-2 ■ 3-dihydroxynaphthaIene, 

obtained by redwtion of disazo-dye from 2 : 3-dihydroxy- 
na])hthalene, fonas mlphate, PTIgSO^, leaflets, and 
gives* Isonap/gAozann with ferric chloride (Friedlftnder 
and Silber^item, Monatsh, 1902, 23, 524). 

1 : 0-Diamino-4:5-diliydroxynaphthalene, 
obtained l»y reduction of disazo- dye from 1 : 8-dlhydr- 
oxynaphthalene, is very rapidly oxidised to naphthaz- 
arin (ihd 518). 

J ; 8-Diami/iO-2:7-dIhydroxynaphthalene, 
obtained by reduction of disazo- dye from 2: 7-iiihydr- 
oxynaphthalene, gives aulphate, needles, which forms 
blue solution in alkalis (Cassella, B. R.-P. 108166 ; Eng. 
P. 9502 of 1899). 


IX. Quinone Derivatives. 

Introductory . — From the formula of naphthal- 
ene the existence of three homo- and three 
heterq- nucleal quinones may be predicted. Two 
of the homonucleal naphthaquinoKes together 
with derivatives of the third (2:3-) ore known, 
but only one of the heteronuclegl compounds 
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(2 : 6-) has been isolated. ^ A comparison shows 
that in physical properties 1 : 4- or [o-] naphtha- 
quinone, but in chemical properties 2 ; G-naph- 
thaquinone, most closely resembles ordinary 
jpara- benzoquinonc, whereas 1:2- or [^-] naph- 
thaquinone exhibits the general characters of an 
orf/io- diketone. 

The naphthaquinones are coloured sub- 
stances, and, with few exceptions, give rise to 
derivatives, which also are coloured, but only 
a smaU projiortion of them are dyes. The auxo- 
chromes, which endow naplithaquinone deriva- 
tives with th(! properly of forming coloured lakes, 
are associated with contiguous carbon atoms, 
i.e. are present relatively m the ar//m-])osition.2 
For qiiinones, these auxochromes have been 
shown by Kostanecki (Bcr. 1 887, 20, 3117; 1 881), 
22, 1349) to be the following : — •’* 

•0:0 OrN-OH -CrNOH -OrN-OH 
:C>0II :C-()H *0:0 -CrN-OH 

To illustrate their effect, reference may be made 
to the following series of [a-Jnaphthaqumone 
derivatives in which 1 is not a dye, but 11 and 
III form coloured lakes with basic mordants : — 

N-OH NOH O 

r A A A.Aoh ,,, AAuh 


In the more recent discussion of the subject 
(r/. Tschugaefl, J. pr. Chem. 1907, [n.j 70, 88 ; 
Werner, Ber. 1908, 41, ]0()2, 2383 ; Liebermann, 
ibid. 1430 ; Morgan, J. 8oc, Dyers and Col, 
1921, 37, 43), the production of lakes by com- 
pounds of these types is referred to the forma- 
tion of complex heterocyclic groups, in which 
the metal of the mordant forms one component 
of the 6- or 0- mcmbered ring. But cyclic 
structure is not of itself sufficient to develop 
colour with basic mordants, and in each auxo- 
chromo complex there is also pre.se nt a radicle, 
which by its ‘ subsidiary ’ valency can be 
linked with the metal. For example, l/3-]naph- 
thaquinoneoxime (1-nitro.so-^-naphtliol) iij a 

^ The compound described as 1 : 8- or ^leraiaphtlia- 
quinone by Mcldola and Hughes (Ulaui^ Soc. Traus. 
1890, 67, 632) is now known to bi; a dimphtluuiumone 
(Lieberinann and Schlossberg, Ber. 1899, 32, 546 ; 
of. Meldola, ibid. 868). • 

* In the naphthalene series, azo- dyes which, when 
chromed , give rise to lakes are derived for the most 
part either 

(o) from 1:2-, 2:3- or 1 ; 8 - dihydroxynaphtiial- 
enes and their sulphoulc derivatives by coupling with 
diazotLsed bases or 

(h) from diazo-oxldes by coupling with /3-naphthol 
or with the 1 . 5-, 1:7- and 2 : 6- dlhydroxynaphthalenes 
and their sulplionic acids. 

The determining factor in tlie production of these 
lakes Is the propinquity of the liydroxyl group.s, as is 
eWdent from tiie fonnulte of tlie following dyes (one 
from each source) wliich before clyoiniug give bluish- 
red shades on wool : — 


Cri 

A 

O OH 
R-NgAA 


reddlsh-blackjiake 


0 — Cri --0~ 
H 


bluish-black lake * 


(C/. Morgan J. Soc. Dyers and Col. 1921, ,37, 46; 
Morgan and Porter, Chem. Soc. Trans. 1916, 107, 651). 


dye, because in it the oxygen atom of the 
canbonyl group has residual valency, and 
through this residual or ‘subsidiary’ valency 
(showm in the formula by ftie dotted lino) 
becomes! linked to the metal of the mordant : — 
•C:N-OH -C.-N-Ov •C:N’0. 

I i >H ^ I , \Fei 

•C:0 ‘0:0 ' *0:0 

Oxime Lake (naphthol 

^ green) 

Lakes are remarkable not only on account of 
their colours but of ibeir insolubility and fast- 
ness and of the non-i(mi.sablo state of the metallic 
radicle contained in them. 

NaphthaquinoneoximeH, obtainable from the 
qumoiies by interaction with hydroxylamine, 
are u.sually made from the naphthols or from 
dihydroxynaphthaleim derivatives by means of 
1 nitrous acid. As the chief interest attaching to 
the.se substances from the technical side lies in 
the colouring matters to which some of them 
give rise, they are described in this article as 
iiitrosonaphthols, following the Patent litera- 
ture, although classified as oximes. 

Naphthaquinones. 

5 (i ) 1 : 2 - Uaphthaquinone ([)S-] 

AA.() naphthiuj'umoTie) is obtained by the 
1 11’ oxidation cH/icr of l-ainino-2-naphthol 

V V with chromic acid mixture (Stenhouse 
and Droves, Chem. 8oc. J. 1878, 33, 416 ; Liebor- 
mann and .laeobson, Aniialen, 1882, 211, 49 ; 
Grandmougin and Michel, Ber. 1892, 26, 982 ; 
Paul, Z. angew. (3iem. 1897, 10, 24 ; Riissig, J. 
pr. Chem. 1900, |ii.] 62, 66), or with ferric chlor- 
ide (Droves, (..’hem. !8oc. Trans. 1884, 45, 298 ; 
Paul, I c. 48) or of 2-ainino-l -naphthol by nitrous^ 
acid (Drandinougin and Michel, l.c. 3430). 

Pr('2)(ir<iiton. — Freshly -prepared 1 -amino-2- 
najihthol, obtained by reduction of Orange II 
(100 grms.) with sodium hypo(hydro)8ulphite, is 
dissohifd or suspended in sulphuric acid of sp. 
gr. 1*2 (200 c.c.) and oxidised in the cold by a 
solution of sodium dichromate (30 grms.) in 
water (Drandmougin, Ber, 1906, 39, 3661). Or 
the freshly prepared jwoduct, obtained from 
j8-naphthol (50 grms.) by reducing its nitroso- 
compound with hydrogen sulphide, is dissolved 
in o p.c. suljihuric acid (1400 c.c.) and oxidised 
in the cold with a solution of potassium di- 
chromate (36 grms.) in water (Lagodzinski and 
■Hardine, Ber. 1894, 27» 3076). The vield 
amounts to about 26 p.c. of the weight of the 
Orange II (y>-8ulphobenzeneazo-)9-napnthol), or 
to about 80 p.c. of that of the )9-naphthol em- 
ployed. ** 

Identification. — It crystallises in rod needles ^ 
or in orange scales, decomposes with black^- 
ing at 116°-120'’ (Liebormann and Jacobson, Z.c.), 
and resembles [a-]naphthaquinono in solubility, 
but differs from it by being destitute of odour 
and non-volatile with steam. Dilute alkahs dis- 
solve it, forming yellow solutions, wMch rapidly 
become dark on being shaken with air. 

Reactions. — By sulphurous acid, or dilute 
1 hydriodic acid, it is reduced to 1 : 2-dihydroxy- 
' naphthalene^ but stannous chloride converts it 
into ^-dinaphthyldihydroquinone (Stenhouse and 
Cfeves, l.c.). Oxidation with ferric chloride in 
10 p.ft. aqueous solution gives di^^-lrmphiha^ 
quinone oxide (Wichelhaus. Ber. 1897, 30, 2199) 
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and with nitric acid of sp. gr. 1-38 successively 
^■nitro-[^-]mphthaquinone {Zaertling, Ber. 1^90, 
23, 175) &nd phihalic acid (Stonhoiise and Groves, 
/.c.), but with pA-manganate or diohromaio only 
phthalic acid (Boswell, J. Physical ChoTi. 1907, 
11, 119). 

With phenylhyrlrazine it giv(;s the hjdrazime 
[0 : NjHFh— 1 : 2], red needles, m.i). 138^, 

isomeric with beii'/,orieazo-j3-na[dithol (Zineke 
and Rathgeii, Ber. 1880, 19, 2483; Bamberger, 
Ber. 1897, 30, 614). With ♦iiydroxylamine it 
forms the nwnoxime, identaml with 2-nitroso-a- 
naphthol (Goldschmidt, .fter. 1884, 17, 215),, 
With aniline in alcoholic solution it yields 2- 
hydroxy da-^HaphlhiKnanoncanil [O : Oil : NPh 
= 1 : 2 : 4J, m.p. above 240'^, red needles, soluble 
in alkali, and convertible into 2-aw.i/iao-l a- J 
naphthaquinonCy m.p. 190 -191'’, nai needles, 
insoluble in alkali (Liebermann and Jacobson, 
lx. ; Zineke, Ber, 1881, 14, 14011. 

Acetic anhydride aided by Hul])huric acid or 
zinc cbloride or ]>hosy)hoiic. acid, converts it 
at 50" into the triacitatc of 1:2: 4-trihydroxy- 
naphthalene. With sodium bisulpliite solution 
of sp.gr. 1‘4 it gives 1 : 2-di h ydroxymtplilhaUm'- 
4:-ffulphonic acid at the ordinal y tcmyierature 
and, with sodium tbiosulphate and acetic acid, 
1 : 2-dihydroji ymiphthqlaic-i-th lOfodphonic acid 
(Bayer, 14. K.-P. 71314; Ping P. 825 of 1893). 
When heated with sulfthuric acid, witli or 


Jhaquinhydrone, Oxidation in caustic soda 
solution by atmospheric oxygen gives 2-hydroxy- 
[a-]riaphtha(/ni7wne, but with nitric acid or 
permanganate furnishes phthalic acid (Lieber- 
mann and Dittler, Annalen, 1876, 183, 243; 
Japp and Miller, Chem. Soc. IVans. 1881, 39, 220 ; 
Ir/. Boswell, J. JMiysieal Chem. 1907, 11, 119). 

1 In acetic acid .solution with chlorine the dichlor- 
j idr, m.p. J76'', is formed and with bromine the 
' dibromidc, m.p. 92'^’ (Zineke and Schmidt, Ber. 
1894, 27, 27.57). 

With phenylhydiazine it yields the hydraz- 
oar, identical with benzencazo - a - naphthol 

(Zineke and Bindewald, Ber, 1884, 17, 3026). 
With hydroxylamine it forms the monoxime, 
identical with 4-iiitroso-a-naphthol (Gold- 
schmidt and Schmid, ibaJ. 2064). With aniline 
111 alcoholicy solution 2-u)ulino-[a-^napht}ia- 
qinnonv is oblaincd. l>y acetic anhydride and 
zinc chloride or by suiphuric acid at 60“ it 
IS converted into the iruiceiaU' of 1:2: 4-tn- 

hydroxyna J )hth alene. 

(ill.) 2 : 6-Naphthaquinone, obtained from 
2 : 6-dihydroxynaphthalene by oxidation in 
j boiling benzene solution with lead peroxide, 
forms reddish-yellow' prisms, and is odourless 
i and non-volatile, but unlike [^-]naplithaquinone, 
! is an oxidising agent comyiarable m this respect 
1 with 7 >-benzoq 111 none ^Willstatter and Parnas, 
I Ber. 1907, 40, 1411, 3971). 


without the presence of bone acid, 125"-150'', ! 
it is converted into naphlhaqniDonc black, which 1 
dyes mordanted wool in black shades (1 ley den, 
14. B.-P. 1133,30 ; Eng P. .3265 of 1900). 1 

(ii.) 1 : 4-Napllthaquinone {\a-]naphihaquin- I 
one) can be obtained by oxidation of naphthal- 
ene with chromic acid in acetic acid solution 
(Groves, Chem. Soc. J, 187.3, 26, 209). Jt is j 
<-'al.so formed when a-naphtliyl acetate (Miller, 
Ber. 1881, 14, 1001), or 1 -amirio-4-naphthol 
(Liebermann, Ber. 1881, 14, 1796); or a- 
naplithylamine, or dimethyl- a-naphthylamine, 
or a-naphthylamirio-4-su!])honic acid (Monnet, 
Rcverdin and Noeltmg, Ber. 1879, 12, ^306) is 
oxidised with chromic acid mixture, or 1 ; 4 
diaminonaphthalene wiGi nitrous acid (Grand- 
mougin and Michel, Bor. 1892, 25, 977). 

Preparation. — It is prepared conveniently 
from l-amino-4-naphthol by oxidation with 
potassium dichromate and dilute sulphuric acid, 
the yield amounting to about 40 p.c. of that 
calculated (Tjicberinann and Jacobson, Annalen, 
1882, 211, 61), but can be obtained in equally 
good yield from naphthalene by oxuLatnui in 
concentrated glacial acetic acid solution with 
four times its weight of chromium trioxide 
dif olved in acetic acid, the mixture being kept 
at 15“-20° during 3 days (Miller, Ber. 1884, 17, 

' P.cf. 355). The product can be purified either 
by distillation with steam or by crystallisation 
from light petroleum (b.p. 85“~120“). 

Identification. — It crystallises in yellow tri- 
clinic needles, m.p. 125“, begins to sublime 
below 100“, has the odour of p-benzoquinone, 
is readily volatile with steam, and dissolves 
easily in most organic solvents, but only 
sparingly in light petroleum or water. 

Reactions. — It is not reduced by sulphurous 
acid in the cold, but by hydrio^o acid and 
phosphorus or by tin and hydrochloric acid it is 
converted into 1 : i -dihydroxy naphthalene.* Par- 
tial reduction results in the formation of naph- 
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(i.) 2-Hydroxy-[a-]naphthaquinone ^ can be 
obtained by boiling nniino-lu-]naphthaquinone- 
irnide (diimirio-a-naphthol, v. 2 : 4-diamino-a- 
naphthol) with dilute acids (Giacbe and Ludwig, 
Antialen, 1870, 154, 321), or with sodium 
earbonato solution which afterwards is acidified 
(i)iehl and Merz, Ber. 1878, 11, 1315); or by 
heating2-anilino-j a- Jna]dithaquinone with hydro- 
chloric acid (Baltzer, Ber. 1881, 14, 19(K)) ; or 
by dissolving [)3-]naplithaqumonc-4-sulpbonic 
acid m sulpbunc acid and, after some hours at 
25“, pouring the solution on to ice (Aktienges., 
D. R.-P. 100703; Eng. P. 26676 of 1897). It 
18 formed, also, when an alkaline solution of 
[a-^riaphtha(juinoiic (Kowalski, Ber. 1892, 26, 
1659) or of 1 : 2-dihydroxynaphthalene-4-Bul- 
1 phonic acid* (Bayer, i). R.-P. 70867 ; Eng. P. 

825 of 1893) 18 exposed to the air ; and readily 
1 by oxidizing either |j3-Jna})hlhaquinone, sus- 
! pendetl in eaiistie soda solution, with hydrogen 
peroxide (IVichner and Weil, Ber. 1^6, 38, 

I 33Jf)) or 1.2: 4-trihydroxynaphthalene in 
I aqueous solution with dichromate mixture at 
I 0“ ('riiiele and Winter, Annalen, 1900, 311, 347). 

Jdentification.—ii crystallises or sublimes in 
j yellow needles, m.p. 190°-191“, dissolves only 
sparingly in boiling water, expels carbon dioxide 
from carbonates, and dyes wool or silk yellow. 
The acetate forms yellow scales, m.p. 130“ (Thiele 
and Winter, l.c.). 

Reactions. — It couples with diazotised bases 
in presence of sodium acetate, forming azo- dyes 

^ By condensation with o-phenylenediamine, 2-hy- 
droxv-la-lnaphthaquinone gives an azine (Kebrmann, 
Ber. 1890, 23, 2463), beiiaving as if it were 4-hydroxy- 
lP-]naphthaquiuone. Many of the moi^ubstituwtt 
naphthaquinones of the 1 : 2 : 4 -type exhibit a 
tautomerlsm (cf. Miller, Chem. Soc. ABStr. 1911, 1. 465), 
altliough the formulas usually assigned to them repre- 
sent only one of the two Isomeric forms. 
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which are remarkable because in them, the 1- or 
a position not being available, the azo- group 
has taken up the alternative ortho-, namely the 
3- or position to the hydroxyl radicle (Kehr- 
mann and Goldenberg, Ber. 1897, 30, 212(>). 
On reduction with tin and hydrochloric acid, 
it yields 1:2: i-lrihi/droTijruipIiihnlcne. 

3-Nitro-2-hydroxy-[a-]naphthaquinono 
is formed from [^-]naphthaqiiinone-4-8ulphoiiic 
acid, or from l-amiiio-2-naphthol-4-sul})honic 
acid by nitration in sulphuric acid solution below 
50“ (Aktienges., D. K.-P. 100011 ; Eng. P. 26075 
of 1897). It is crystalline, and with phenyl- 
hydrazinesulphonic acid givi's a yellow azo- dye 
for wool (Aktienges., 1). R.-P. 102071 ; Eng. P. 
676 of 1898). 

2-Hy dr oxy-[a-]naphth aquinonc -3 -sill- 
phonic acid, obtained by suiphonating 2- 
hydroxy-[a-]napht}iaquinone with*25 p.c. anhy- 
dro- acid at 20”, forms a sparingly soluble 
sodium salt in pale yellow scales (Atkienges., 
D. R.-P. 99759 ; Eng. l\ 26675 of 1897), and 
with phenylhydrazinesulphonic acid (Aktienges., 
JI. R.-P. iOlOlH ; Eng. P. (>76 of 1898) or with 
the hydrazine from 1 -amino-8-naphthol-3 : 6- 
disulphome acid (Aktienges., 1). R.-P. 102070 ; 
Eng. P. 676 of 1898), gives respi^ctivcly an 
orange-yellow or reddisli-ycllow a:o-dye for 
wool. 

The 6-3u1 phonic acid is produced when 
a mixture of [^-]naphlhaqninone-4 : 6-disul- 
phonic acid and sulphuric acid is kept at 26” 
for some hours (Aktienges., 1). R.-P. 100703; 
Eng. P. 26675 of 1897) ; or when 1 : 2-dihydrnxy- 
naphthalone-6-8ulphonic acid is oxidised in 
caustic soda solution with liydrogen peroxide 
(Teichner and Weil, Ber, 1905, 38, 3376). The 
sodium salt forms red needles. 

The7-Bulphonie aeid(Gae!ss, Ber. 1899,32, 
237), which gives two sodium salts NaA-j 3H2O, 
and Na.^A, and tivo barium salts BaAj4-2HoO, 
and BaA-(-3IIT2C), forms finazine with n plienyl- 
enediamine, reacting as if it were 4 hydroxy- 
[jS-]naphthaqumone-7 -sulphonic acid.‘ 

(ii.) 5-Hydroxy-[a-Jnaphthaquinone {jwjlonc\ 
regianin; nucin) oecairs in the green parts and 
shells of the walnut (Biisseinoret and (!ombes, 
Compt, rend. 1905, 141, 838 ; (iombes, ;^ull. 
Soc. oliim. 1907, [iv. ] 1, 803), but in nuts not 
freshly gathered is replaced in part or wholly by 
hydrojuglono (c/. Myhus, Ber. 1885, 18, 2567). 
It can be extracted from the shells by ether 
(Combes, l.c.), and is obtained by oxidation of, 
1:4:5- trihydrnxynaphthalenc (hydrojuglono) 
with ferric chloride (Mylius, l.c.), or chromic acid 
(Bernthsen and Semper, Ber. 1885, 18, 204/; or 
of 1 : 6-dihydroxynaphthalene with chromic acid 
mixture [ibid. Her. 1887, 20, 939 ; Willstiltter 
and Wheeler, Ber. 1914, 47, 2798) ; or of 4 : 8- 
diamino-a-naphthol with ferric chloride (Fried- 
lander and Silberstern, Monatsh, 1902, 23, 
617). 

Identification. — ^It erystalhses in yellowish- 
red or brown needles, ra.p. 151°-154", is almost 
insoluble in water, and in aqueous solution 
colours the skin yellow like walnut juice, ll^i 
tribromo- derivative dyes silk and wool (Wheeler 
and Scott, J. Amor. Chem. Soo. 1919, 41, 
836). 

(iii.) 6-Hydroxy-[,8-]naphthaquInone, . pre- 
pared by oxidising 1 -amino-2 : 6-dihydroxy- 
^ See footnote, p, 608, • 


naphthalene with ferric chloride, forms brick- 
red scales, decomp, at 166° (Kehrmann. Ber 
19(/7, 40, 1962). 

The 4-8ulphonio acid is obtained from 1- 
nitroso-2 : 6-dihydroxynaphthafene by inter- 
action ^th sodium bisulphite solution and 
oxidation of the product (Bayer, R. R.-P. 
87900 ; Eng. P. 6035 of 1893). 

(iv.) 7-Hydroxy-[j3-]naphthaquinone, obtained 
by oxidising 1 -ammo-2 : 7-dihydroxynaphthal- 
ene (Clausius, Be^. 1890, 23, 622), forms brown 
needles, m.p. 194° (Nietzki and Knapp, Ber. 
1897, 30, 1123). 

The 4-suli)honie acid, projiared by oxidis- 
ing 1 -amino-2 : 7-dibydroxynaphthalene-4-suI- 
phome acid with nitrous acid (Boniger, Ber. 
1894, 27, 3051), gives a potassium salt in brown 
needles (Bayer, l.c.). 

(v.) 8-Hydroxy (^ Inaphthaquinone has not 
been described. The 6-sul phonic acid, ob- 
tained by oxidising 8- hydroxy -1 :2-diammo- 
naphthaleiie -6 -sulphonic acid with dichromate, 
has been used like the foregoing isomerides for 
the production of fJnazincs (Bayer, l.c.). 

(vi.) 2:3-Dihydroxy-[a-]naphthaquinone (Iso- 
nap/.' //m^ana) is formed when 3-amiiio-2-hy- 
dr<)xy-fa-]naphthaqumonc is heated with dilute 
hydrochloric acid at 180° (Djchl and Merz, Ber. 
1878, 11, 1322); or wh!hn 1 : 4-diamino-2 : 3- 
dihydroxynaphthalene is oxidised by ferric 
chloride (Enodlamlcr and Hilherstern, Monatsh. 
1902, 23, 525) ; or when [)3-]naphthaquinono is 
dissolved m dilute bleaching powder solution, 
which IS then acudilied with acetic acid and 
boiled with a few c.c. of hydrochloric acid 
(Zim;kc and Ossenbeck, Annalen, 1899, 307, 11 ; 
cf. Bamberger, Ber. JH92, 25, 134, 891 ; Zincke 
and iScharfcnberg, thid. 409). 

Identification. — It crystallises in rod needles^ 
m.p. 280*" ; dissolves in caustic alkali solutions 
w'ltli a blue coloui which disap^icars on exposure 
to the air, o-carboxijphenylylijoxyhc acid being 
formed ; yields 1:2:3: i-ictrahydroxy naphthal- 
ene OA careful, but 1:2: ^-frihydroxynaphthah 
ene on vigorous reduction with zinc and dilute 
sulphuric acid; and is a dye for mordanted 
wool. Its diaretalc forms colourless needles, 
m.p. 105" (Zmeke and Gssenbeck, l.c.). 

(vii.) 5:6- Dihydroxy - [a - jnaphthaquinone 
(Naphthazarin ; Alizarin black,} wm first ob- 
tained by heating 1 : 5-dimtronaplitlialene with 
zinc and sulphuric acid at 200° (Roussin, Compt. 
rend. 1861, 52. 10.33, 1177; cf. Liebermann, 
Annalen, 1872, 162, 330). As it can be formed 
by boiling 1:4:6: O-tetra-aminonaphthalene 
with dilute hydrochloric acid, its constitution 
is known with certainty (Will, Ber. 189^28, 
2234 ; Fricdlandcr and Silberstern, Moimtsh. 
1902, 23, 618). ^ , 

Preparation. — It is produced on the large 
scale by stirring 1 : S^initronaphthalene (2 pts.) 
into monohydratc (40 pts.), adding a solution 
of sulphur (1 pt.) in 40 p.c. arihydro-acid (10 pts.) 
below 40”, and, when a test gives a blue solution, 
pouring the ‘ naplithazann melt ’ into water, 
removing sulphur by filtration, and boiling the 
filtrate until the colour has changed to red 
(Bayer, I). R.-P. 71386). Substances which 
yield sulphur, such as hydrogen sulphide, sulphur 
chloride, &c., can replace it as reducing agents 
(Baser, 1). R.-P. 77330 ; Eng P. 17673 of 
1892). 
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1 ; 8-Dinitronaphthalene (1 pt.) also furnishes 
naphthazarin when dissolved in sulphuric acid 
(20 pts ) and reduced at 120°-130° either Tfith 
aniline, phenylhydrazine, tin or iron (Badlsche, 
D. K-P. 70922; Eng. P. 3828 of 1894) or 
electrolytically (Badischc, J). R.-P/ 79400) 
provided the melt ^ is boiled with water ; hence 
it is possible in the manufacturing process to 
substitute the dinitration product fr<jTn na])}itlial- 
ene for the pure 1 : 5-dinitro-derivative.® 

Properties. — It sublimes ip brown needles 
showing a green lustre, is only sparingly soluble 
in water, but dissolves i^i alkalis forming a 
cornflower-blue, and in suljihuric acid a magenta' 
solution. It is an imjiortant dyestuff, giving 
very fast violet-black lakes with chromium 
salts. When wanned at 5()"-70'’ with sodium 
bisulphite solution, it la converted into a soluble 
compound used in dyeing uridm- the name of 
alizarin black S and naphthazarin S (Radische, 
D. R.-P. 41518; Eng. P. 7833 of 1887), but 
with concentrated sodium bisulphite solution at 
100°, followed by oxidation of tin*, resulting 
leuco- compound, i t yields wiphlhazemnsidphotnc 
acid (Hoohst, I). R.'-P. Il(i8(>()). The diacclafc, 
needles, m.p. 189° (Zincke and Schmidt, Annalen, 
1896, 286, 30), and the tdra-aceiatc of 1 : 2: 5: 8- | 
tetrahydroxynaphthalene (Liebermann, Rer. 
1895, 28, 1457) have been prepared from it. 

By condensation of naphthazarin with salts 
of aromatic amines or with their sulphonic 
acids at 25°-40° in ])resenco of bone acid, black 
dyes are formed (lladisehe, D. R.-P. 101525, 
101152; Eng. P. 21297 of 1897 ; 1). R.-P. 
167084 ; Eng. P. 2408 of 1004). 

NaphiJmznriri Melt. 

Naphthazarin melt contains a ‘ naphthaz- 
'arin intermediate product,’ the blue solution 
of which in w'ater, when boiled, gives naphthaz- 
arin. This ‘ intermediate jiroduct,’ although 
its constitution has not been established by 
direct experiment, is probably an impury^ form 
of 5-amino-i}-hydroxy-\ a-]naphlhaqmmnH’imide » 
Consideration of the results recorded m the 
numerous patents of the Badische Aiiilin- u. 
Soda-Fabrik and other .Onus during the period 
1890-1900 and of those arising from the investi- 
gations of Grc^cbe and of Eriedlander on the 
nitronitrosonaphthols {q.v.) separated from the 
naphthazarin melt has revealed a close resem- 
blance between the naphthazarin reaction and 
that which takes plaice when 1 : 5-dinitroanthra- 
quinone, anhydro- acid and sulphur are heated i 
at 60°. The latti'r leads to the formation of a ! 
soluble, bluish-violet ‘ intermediate product.’ 
identified as l-nitro-5-nitroso-8-hydroxyanthra- 
quinone (Bayer, D. R.-P. 104282; rf. 105507). 

' By-analogy, therefore, the course of the naph- 

^ The naphthazarin melt ‘ from 1 : S-dJnitronaph- 
thaleno contains an Intermediate product different 
from, but probably isomeric with, that furnished by 
1 : 5-dinltronaphthalene. 

* When lieated in sulphuric acid solution at ISO" 
with hydrogen sulphide, 1 : 6-dlmtronaphthalene 
(Badische, D. R.-P. 134705 ; Eng. P. 6053 of 1900 ; 
HOchst, D. R.-P. 138105), and 1 : 8-dinitronaphthalene 
(Badische, D. R.-P. 114264 ; Eng. P. 890 of 1900) give 
products which, unlike naphtliazarln, develop blue and 
violet shades on wool without a mordant. 

® According to Aguiar and Bayer, the melt con- 
tains in addition a trihydroxy-[(j-]naphthaquinone, 
obtainable also by heating naphthazarin with sulpliuric 
acid (Ber. 1871, 4, 439). 


thazarin reaction may be represented by the 
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The l-nitro-5-nitroso-8-hydroxynaphthalene or 
8-nitro-4-mtroso-a-naphthol (I) is formed from 
1 : 5-diiiiironaphthaleiic at relatively low tem- 
piM-atiircs, but the ‘ intermediate product ’ (II) 
Jit higher tcm|)eratures, passing when boiled 
with dilute acids into iiajdithazarm (111.) with 
elimination of the NHo radicle as ammonia. 


‘ Naphthazarin Intermediate Product^ and the 
(lef.red colounwj matters. 

The intermediate product can be isolated by 
precipitating naphthazaiin melt with zinc 
chloride (Hoclist, 1). R.-P. 111083; Eng. P. 
10295 of 1899); or by oxidising the Icueo- 
comjiouiid (p. infta), dissolved in caustic soda, 
wath a rapid curieiit of air (Baibsche, 1). R.-P. 
108.551), or a solution of the melt wnth hypo- 
chlorite or dichromatc {ihid.^ 1). R.-P. 101.372 ; 
Eng. P. 15909 of 1898), and boiling the sodium 
salt thus obtained (which .separates as blue 
needles) with acetic acid {ibid., 1). R.-P. 108552). 

From naphthazarin melt, lilack, bluish -grey, 
green, or blue mordant dyes are obtained by 
oxidation with dichromate {Badische, I). R.-P. 
101372; Eng. P. / c.) ; by condensation either 
with phenols {ibid., 1). R.-J\ 103150; Eng. P. 
10597 of 1898), or with aromatic amines {ibid,, 
1). R.-P. 118078; Eng. P. 20997 of 1899 ; 
llochst, 1). R.-P. 125574; Eng. P. 20485 of 
1899) ; or by suljihonation with 20 p.c. anhydro- 
acid (llochst, 1). R.-Jk 117359) re.spectively. 

Reduction with stannous (‘hloride converts 
naphthazarin melt into the leuco-compound, 
crystallising in colourless needles (Badische, 
D. R.-P. 101371, Eng. P. 15708 of 1898), which, 
suiphonated with 23 p.c. anhydro-aoid, gives a 
blue dye J).R.-P. 100029; Eng. P'. 24762 
of 1898) convertible into black, green, or blue 
mordant dyes by boding respectively with 
hydrpehloric acid {ibid , D. R.-P. 106033 ; 
Eng. P. l.c,), or with aniline and aniline hydro- 
chloride {ihia., D. R -P. 108414; Eng. P. kc.), 
or with aniline hydrochloride and water {ibid., 
1). R.-R 108415). 

(viii.) 0:7- Dihydroxy - [a -]naphthaquinone, 

obtained from 5-amino-2 : 3 : 8-trihydroxy, 
naphthalene by oxidation with ferric chloride, 
forms leddisli-browii needles and has only 
feeble dyeing properties. Its diacetate forma 
yellow needles, m.p. 05°-07° (Eriedlander and 
iSilberstcrn, Mqnatsh. 1902, 23, 532). 

(ix.) 5:0: 8 Trihydroxy-[a-]naphthaquinone 
{nnphlhapurpiirin), one of the products {‘A’) of 
the action of sulphuric acid in presence of boric 
acid on 1 : 5-dinitronaphthalene at 220° (Bayer, 
D. R.-P. 82574), is obtained in a pure state 
either by boiling naphthazarin with an equal 
weight of caustic soda in 1 p.c. solution until 
the colour has changed to magenta (Badische, 
D. R.-P. 167641 ; Eng. P. 9547 of 1905), or with 
manganese dioxide and dilute sulphuric acid 
(Jaubert, Compt. rend. 1899, 129, 684). It forms 
reddish-brown needles, is easily soluble in the 
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ordinary solvents, dyes wool orange-red chrom- 
ing to black (Badische, Z.c.), and condenses with 
aromatic amines forming dyes, which when 
sulphonated give blue, green, or black shades 
on chromed wool (Bayer, D. R.-P. 127766). 


Naphthaquinonesulphonic Acids. 

[^-]NaphthaquInone-4-sulphonic acid, pre- 
pared by oxidising 2-amino-l-naiihthol-4-sul- 
phonio acid (Witt and Kaufmann, Bcr. 1891, 24, 
3163), or l-amino-2-naphthol-4-sulphonic acid 
(Boniger, Ber. 1894, 27, 24) with nitric acid ; 
or 1 : 2-dihydroxynaphthalonc-4-sulphonic acid 
with nitrous acid (Bayer, 1). R.-P. 8304(> ; Eng. 
P. 825 of 1893), forms easily soluble salts. 

Reaciionfi . — it is converted by nitrosulphuric 
acid into %-niiro-2-hydror}i-\a-^napltlhaquino7ie^ 
or by sulphuric acid at 25^ into 2 hydroxy -{a-\ 
naphlhaqumotui ; is reduced to 1 2-dihydroxy- 
imphihalenr-^-sulphonic arid by sulphurous 
acid ; and gives thuizirirs by condensation with 
aromatic nitroso- oomjiouiids (Bayer, Zc.), also 
oxazinm with aminonaphtholsuljihonic acids 
(Dahl, D. H.-P. 82740 Rng. P. 5153 of 1895). 

By oxidising the corresjiondirig aminonaph- 
tholsulphoiiie acids, ihe [S-]naphthatj u i none- 
6-, 7', and 8-mono-, and 4 ; I)-, 4 : 7-, 4 : 8-, and 
6 : 8-di-sulphonic acids have been obtained, 
which furnish Ihiazincs by condensation with aro- 
matic nitroso- compounds (Bayer, 1). R.-P. 84233 ; 
Eng. P. 4757 of 1893; rf. Boniger, lx. 3052). 


NaPIITH AQUINOKEO XIMES. 

(i.) 2-Nitroso-a-naphthol (1)9-1 
• ■\r-nTT 'n'ap1dlinqut)iouc-2-oTime) can be 
:JN Ull ,,p^,,^ined from [)3-]naphthaquin- 
ono by boding it in alcoholic 
solution with hydroxy lamme hydrochloride 
(Goldschmidt, Ber. 1881, 17, 215); or from ^- 
nitronaphthalene by warming it with methyl 
alcoholic potash (Mciscnhciimn' and Witte, Ber. 
1903, 36, 4167); or from l-hydroxy-^-naph- 
thoic acid by moans of nitrous acid (Reverdin 
and de la Harpe, Ber. 1893, 26, 1280); or, 
mixed with the 4-oxirae {q.v.), from a-naphthol 
by interaction with nitrous acid (Euchs, Bcr. 
1875, 8, 626; Worms, Bcr. 1882, 15, 1816; 
Ilinald, Ber. 1884, 17, 2589; Denriques and 
Ilinski, Ber. 1885, 18, 706). It crystallise* in 
yellow needles, m.p. 152^ (Goldsdiinidt, lx.), 
soluble in the ordinary organic solvents or in 
hot water ; forms coloured salts and ethers, 
the potassium and ammonium salts being •green, 
and the methyl (m.p. 95^') and dhyl (m.p. lOr) 
ethers groenisLyellow (Pnehs, Ic.). ^ 

Reactions . — Concentrated nitric acid in acetic 
acid solution converts it into 2 : A-dinitro-a- 
naphthol; potassium ferricyanide in alkaline 
solution oxidises it rapidly to 2-niiro-a-mphihol. 
With sodium bisulphite solution* it yields 2- 
amino-l -naphthoM-sulphonic acid. Like nitroso 
fi-naphthol it gives lB-]7i.aphthaquinonedioxime 
vkth hydroxylaraine (Goldschniidt and Schmid, 
Ber. 1884, 17, 2066), forms metallic salts (Ilinski, 
ibid. 2592), and is a mordant dye (r/. Aktienges., 
D. E.-P. 66786). 

2-Nitro80-l : 8-dihydroxynaphthalene 
(Erdmann, Annalen, 1888, 247, 358) gives black 
lakes (Bayer, D. R.-P. 51478; Eng. P. 14230 

of 1889). . 1 V, • 

2-Nitro80-a-naphtho]-4-8ulphonic acid 


In 

gives a naphthol green with ferric chloride (Gans 
& Go., D. R.-P. 28065 ; Eng. P. 2269 of 1884 ; 
Hojffmann, Ber. 1885, 18, 46). 

(ii.) 4-Nitroso-a-naphthOl ([a-]naphthaqvin- 
one-A-oxime) is formed when [fto-Jnaphthaquin- 
one in alcoholic solution is boiled with hydroxyl- 
amine hydrochloride (Goldschmidt and 8chmid, 
Ber. 1884, 17, 2064), or, mixed with the 2-oxime 
(7.??.) by the interaction of a-naphthol with 
nitrous acid. The best yield, viz. 40 grms. of the 
colourless 4-0X1 me and 50 grms. of the yellow 
2-oxime from 100 grms. of a-naphthol, is ob- 
tained by boiling a solution of a-naphthol (1 pt.) 
and zinc chloride (I |lt.) in alcohol (6 pts.) with 
aqueous sodium nitrite (0'6 pt.) during 2-3 
hours, the product which separates consisting 
of the 4-oxime mixed with the zinc salt of the 
2-oxime (Henriques and Ilinski, Ber. 1885, 18, 
706 ; rj. Ilinski, Ber. 1884, 17, 2590). It cryst- 
allises in needles, m.p. 190" (Kriedlander and 
Reinhardt, Ber. 1394, 27, 240), dissolves easily 
in alcohol or ether, gives a wHhyl ether, m.p. 
98" -100" (Ilinski, lx.), and is destitute of tinc- 
torial power (Kostanecki, Ber. 1887, 20, 3147). 

Renrhons. — Concentrated nitric acid in acetic 
acid solution converts it into 2: 4-fZmi7ro-a-wapZi- 
thol; potassium ferricyanide in alkaline solution 
oxidises it very slowly to A-nitrn-a-'naphthol. 
Reduction with stannou,^ chloride furnishes 
\-amtno-i-vaphtboL Like the 2-oximo and 
[^-]na])hthaquinone-l -oxime, it gives 2-anilino- 
\a-^naphlhaquinoueanil, m.p. 187", when boiled 
with aniline and acetic acid (Brdmme, Bcr. 1888, 
21, 393). 

4-Nitroso-a-naphthol-2-sul phonic acid 
is readily converted into 2 : i-dinitro-a-uaphihol 
by dilute nitric acid ((kmrad and Fischer, 
Annalen, 1893, 273, 110). 

4-Nitro8o-a-naphthol-2 : b-disuljh onic 
acid is formed when a-nitronaphthalene-3 : 8- 
disulphonn^ acid is warmed with concentrated 
caustic soda solution. Its potassium salt, 
K^A-j-UH^O, forms yellow, and basic potassium 
saft green, needles ; the ammo-acid, obtained 
from ft by reduction, furnishes UarntTW-A- 
naphthol on desulphonation with sodium amal- 
gam (Friedlandor, Ber. 1895, 28, 1535). 

5 - Nitro - 4 - nitroso - a ,naphthol {5-nitro-[a-] 
mtphth/f/jv inoneoximr) is produced when 1 : 8- 
dinitronaphthalene is heated with 12-23 p.c. 
anhydro-acid at 4()"-50" (Badismie, D. R.-P. 
90414; Eng. P. 14955 of 1896; Graebe, Ber. 
1 899, 32, 2877 ; Friedlander, ibid. 3628 ; Fried- 
dander and Scherzer, cf. J. 8oc. Chem. Tnd. 1900, 
19, 339). It crystallises in yellow needles, and 
is soluble in alkalis giving yellow solutions which 
become red when heated with zinc dust 
(Badische, l.c.). 40 

Reactions. — By potassium ferricyanide it is 
oxidised to 4 : 6-dinitro-a-nciphthol ; by dilute 
nitric acid to 2 ; 4 : ^-tiinitro-a-naphtJwl and by 
permanganate to d-nitrophthalic acid. When 
reduced with ammonium sulphide or stannous 
chloride, it gives 4 : b-diamino-a-no^hthol, but 
with tin and hydrochloric acid 6-amtno-l ; 4- 
dihydroxynaphthalene. 

TJie 2:7-disulphonic acid, formed by the 
action of very dilute caustic soda solution ^ on 

1 If concentrated caustic soda solution Is used, 
the product is a 1 : S-dinitrosodihydroxynaphthalene- 
3 : 6-di8ulphonic acid, the sodium salt Na^A-f-aHjO 
of whidh crystallises in needles (Kalle, l.c.). 
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1 : 8-dinitronaphthalene-3 : G-diaulphonic acid at 
the ordinary temperature, gives a yellow 
'potassium salt K 2 A'^ 2 H 20 and a green ^asic 
potassium salt. With dilute nitric acid it 
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furnishes a cryttalline yellow 7iitro- dye with 
the loss of one of the .SO:,H groups (Kalle, 

D. R.-P. 113003). 

7 - Nitro - 4 - nitroso - a - naphthol (7 - mtro-{a-] 

vuphihaq'tinonv -A-oii me), obtained when 1 : 0- 
dinitronaphthalene is lieated with 16-17 p.c. 
anhydro-acid at 40"-50", crystallises in yellow 
needles, is soluble in alkalis/ and on oxidation 
gives 4-nitrophffi(ilic acAd ((rraebe, Annalcn, 
1904,335,144). 

8 - Nitro - 4 - nitroso - a - naphthol (8 - nHro-\a-^ 
ri/iphthaquinone-^-oxvmc), obtained by heating 
1 ; 6-dinitronaphthaleiie with 12-23 p.e. anhy- 
dro-aoid at 40"’ -60'' (Badische, 1). R.-P. 91391 ; 
Eng. P. 14965 of 189(1; v. fi-nitro- compound 
for other references) forms yellow crystals; 
these dissolve in alkalis givif»g yellow solution.s, 
which become green when boiled with zinc 
dust (Badische, l.c.). 

Beactions.—By potassium ferricyanide it is 
converted into 4 ; H-dmiiro-a-miphthol., but by 
dilute nitric acid into 2.4: S4nnUro-a-naphthoL 
When reduced with tin and hydrochloric acid, 
it furnishes I : 5-(Ufi mino-H-naphthoL 

(lii.) 1 - Nitroso - ^ - naphthol {[^-]naphtha- 
qiiinonp-l-oxime) is obtairuid by the action of 
nitrons acid on j0-naphthol (Puchs, Bcr. 1876, 8, 
1020; llinski, Bcr, 1884, 17, 2584; (Iroves, 
Chem. Soc. Trans. 1884, 46, 296; vj. Kohler, 
}). R.-P. 26409). 

Preparniion . — tlodiiini nitrite (2 ])ts.) in 
solution 18 added to a hot solution of /?-na])htlioI 
(4 pts.) and zinc chloride (3 pts.) in alcohol 
(21: pts.), the mixture boiled for a short time 
and the sparingly soluble reddish-brown zinc 
salt which separate's freed from zinc by digi'Hlioii 
with caustic soda solution in the c.old, the oxime 
being precipitati'd from the hltrate by acidili- 
cation (Hcnriques and Jlinski, Ber. 1886, 18 
706 ; Paul, Z. angew. Chem. 1897, 10, 47). Or, 
as a greomsh-yellow prcci])itate, it is pfoduced 
when 10 p.c. snlphnnc acid (700 c.c.) is added 
gradually to a solution of /^-naphthol (60 grms.), 
caustic soda (14 grms., \ and sodium nitrite (26 
grms.) in water (16(K) c.c.) containing one-third 
its weight of ico (Lagodzinski and Hardine, Ber. 
1894, 27, ;KI7fl). , ^ ^ , 

Idp.ntijication.—M crystallises from alcohol 
in anhvdrous orange-broivn thin plates or short 
thick prisms, m.p. 109*6^ dissolves only very- 
sparingly in hot water, and w’hen pure is r'^adily 
volatile ‘with steam (llinski, he.). The cupric 
salt OuAj (Knorre, Ber. 1887, 20, 283), and 
htUc salt FeAg, are insoluble in water or in 
60 p.c. acetic acid, and the cohaliic m\X> CoAg, is 
' (hdy very slightly soluble in boiling 60 }>.c. 
acetic acid (llinski and Knorre, Ber. 1885, 18, 
099 ; 2728). Since Hg, Pb, Cd, Al, Cr, Ni, Zn, 
Mn, Mg, Gl, &c., are not precipitated by it m 
acetic aci(L solution, mtroso-jS-napbthol can be 
employed tor the quantitative separation of 
Cu, or Fe, or Co, from any of the -metals named 
(cf Knorre, Z. angew\ Chem. 1893, 0, 204; 
Atack, J. Soc. Chem. Ind. 1916, 34, 641). The 
barium, potassium KA, and sodium salts are 
green (llinski, Ber. 1884, 17, 2886). 

BeacHons.—By dilute nitric acid or potas- 
aium ferricyanide it is converted into l-mtro-p- 


naphthol. When reduced with stannous chlor- 
ide, l-amino-^-naphthol is obtained. Dis- 
solved in cold caustic soda solution, it yields 
[^^-\7inphihnqui7ioncdioxim.p, m.p. ]80°-181°, 
with hydroxylaminc, but if the alkali solution 
be warm the anhydride, m.p. 78°, is the product 
(Kehrmanii and Messmger, Ber. 1890, 23, 2816). 
By concentrated sodium bisulphitesolution below 
60°, it IS converted into a crystalline bisulphite 
compuund, which, unlike nilroso-jS-naphthol, 
cou])lcs with diazotised bases forming azo- dyes 
(Dahl, 1). R-P. 79683; 96768; cf. Ashworth 
and Biirgcr, Eng. P. 11660 of 1893). When 
decomjioscd by hydrochloric acid this compound 
furnishes 1 -(unino-2-naphlholA-sulpJumic acid 
(Boniger, Bcr. 1894, 27, 23). 

Under the name ‘ (lambin R,’ it has been 
introduced as a mordant dve for cotton (Ak- 
tienges., D P.-P. (»078(>). 

l-Nitroso-j3-naj)bihol-0-sulplionic acid, 

formed by the action of nitrous acid on ^-naph- 
th()l-0-.suiphonic acid (Mehlola, Chem. Soc. Trans. 
1881, 39, 40), gives ulxirnmi salt BaA^ -4-lf2G, 
in orange needles ; a green hasic barium salt 
BaA-1 4UO; a basic sodium salt Na^A-f- 2 H 2 O, 
in green needles (Holfmann, Ber. 1891, 24, 
3471), and coloureil metallic salts with Co, 
Ni, an<l Fc, from which the metal is not precipi- 
tated by alkalis or alkali carlionates. With 
feme cliloride and sodium carbonate it forms 
the iron sodium salt Fe(NaA )3 (Cans, D. R.-P. 
28006; Eng. P. 2209 of 1884 ; TTolTraann, Bcr. 
1886, 18, 40; l.c.), which, under the name 
uaphihol qna n, has been introduced as a green 
(lye for wool (Cans, D. K.-P. 28901 ; cf. Ulnoh, 
J. Soe. Chem. Tnd 1890, 9, 1 J20j. 

The 3 : 0-d 1 s u 1 ji h o 11 1 e a e i d, obtained 
simihiily from ^-naphthol-3 : 0-disulphoiiic acid, 
gives a sodium salt in golden yellow fan-liko 
crystals, 2-0 grms. oi whieli dissolve in 100 grms. 
water at 18°. Tins salt is used as a sensitive 
test for cobalt, as by its aid 0-6 p.c. of cobalt 
can be detected in ' nickel (Van Klooster, J. 
Amer. Chem. Soc. 1921, 43, 74(5 ). 

l-NjtroRo-2 : O-dihy droxvnaphthalene 
(Bayer, D. R.-P. 66120 ; 69208; Eng. P. 14230 
of 1889); l-nitroso-2 : 7-dihydrbxynaph- 
thalene or dioxin (Leonhardt, I). R.-P. 66204 ; 
Eilg. P. 17223 of 1889); and nitro80-2:8- 
(lihvdroxynaphtbalene (Bayer, D. R-P. 
53915 ; Eng. P. 14230 of 1889) are mordant dyes, 
the two former giving green shades with iron 
salts. , 


X. Carboxy- Derivatives. 

The naphthoic acids are technically un- 
important, as are their derivatives with the 
exce])tion of the hydroxynaphthoic acids. 


CO.H 

AA“ 


V 


Naphthoto Acids. 
a-Naphtholc acid can be prepared 
by Beating a-uaphthonitrilo with 
hydrochloric acid at 200° (Boessneck, 
Ber. 1883, 10, 039), or with 16 p.c. 
alcoholic soda at 100° (Bamberger and Philip, 
Bcr. 1887, 20, 242), but most easily by boilmg 
it with a mixture of sulphuric and acetic acids 
(Rabe, Ber. 1898, 31, 1898). It is also formed 
when a-hromonaphthalene is heated with aque- 
ous potassium cyanide and a small quantity of 
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cuprous cpnide at 200° under pressure (i^^en- 
mund and Struck, Ber. 1 919, 62, 1765). It crys- 
tallises in needles, m.p. 160°, b.p. 300°, dissolves 
only sparingly in hot water, and on nitration 
yields both the 5-nitro- and the S-nitro-a-naph- 
Jhoic acids (Ekstrand, J. pr. Chem. 1888, [ii.] 38, 
'166). The barium salt BaA2+4H/l, and the 
calcium salt CaAg + SlToO, crystallise in needles ; 
the nitrile in needles, in.p. 34°, b.p. 299°. 

^-Naphthoic acid is obtained when 
naphthonitrilo is boiled with alcoholic potash 
(Vieth, Annalen, 1876, 180, 306), or with a mix- 
ture of sulphuric and acetic acids (Baeyer and 
Besemfeldcr, Annalen, 1891, 266, 187). It 
crystallises in silky needles, m.p. 184", dissolves 
only sparingly m hot water, and yields tri- 
mellitic acid on oxidation with alkaline perman- 
ganate (Ekstrand, J. pr. Choni. 1891, |ii.] 43, 
427). The barium, salt BaA244H20, and 
calcium salt CaA^-hUHoO, crystallise m very 
sparingly soluble needles; the nilule forms 
scales, m.p. 66*5", b.p. 30l)-5". 

IlyDROXYNAPHTHOIC Aoios. 

Introdiictor)/. — Two general methods have 
boon used foi the production of hydroxyiiaph- 
thoic acids — 

(1) Fusion of suljihonatcd naphthoic acids 
with caustic alkali ; 

(2) Interaction of the sodium salts of mi]»h- 
thols or dihydroxyriaphthalcncs with carbon 
dioxide under pressure at a suitable tempera- 
ture. 

The acids formed from the naphthols are — 
OH C0,H 

AAcoji AAoh AAoh 

Vv IV V 

I II III • 

The a-acid (11) from ^-naphthol is obtained at 
120°-140°, and the jg-acid (Ifl) at 200'-’-256°, a 
transformation which affords one of the rare 
examples in the nc[)hthalene series of the entry 
of a radicle into the 3- jiosition to produce a 
2 ; 3- di-substitution derivative. 

The order of stability of the three monol^- 
droxy-acids may be inferred from the following 
facts : 

(i.) Acid II, when heated alone or Wh water, 
loses carbon dioxide more readily than acid 1 ; 
both acids by couiilmg furmsh azo- dyes %bich 
do not contain the carboxyl group ; and acid 1 
with nitrous acid gives 2-nitroso-a-naphthol by 
elimination of the carboxyl group. * 

(ii.) Acid III, on the contrary, does not 
suffer these decompositions and loses carbon 
dioxide only when boiled with solutions of 
sodium bisulpliite, ammonium b^ulphite, or 
phenylhydrazine and bisulphite, furnishing 
jS-naphthol, ^-naphthylaraine, and naphtha- 
oarbazole respectively (Buchoror, J. pr. Chem. 
1906, [ii.] 71, 445 ; Buchercr and 8eyde, D. R.-P. 
208960 ; J. pr. Chem. 1908, [ii.] 76, 403). 

2-Hydroxy-3-naphthoic acid and its de- 
rivatives are used as developers in the produc- 
tion of azo- dyes. They are remarkable as fur- 
nishing two series of compounds, one yellow and 
the other colourless. T^us the esters, amides, 
normal salts, ^c. of this acid, of di- and tri- 
hydroxy- acids containing one of the hydroxyl 
VoL. IV.— T. 


groups relatively in the 2- position, and of 
2-amino-3-naphthoio acid are yellow, whereas 
the 2-acetyl derivatives and ‘basic salts are 
colourless. This difference m properties is 
referred by Molilau to keto-enolic isomerism, the 
following formulsB being assigned to the yellow 
forms ; 



Ha • 

/\/x 

/\/^ 

1 0:0 , 

C:N1I 

M\CC0,H ^ 

\/\ 

• 

C 

H 
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(Ber. 1895, 28, 3100). 

(i.) 2-Hydroxy-i -naphthoic acid is obtained 
by acting on dry sodium ^-naphtholate with 
solid, liquid, or gaseous carbon dioxide under 
pressure in the cokl, and subsequently heating 
the sodium jd-naphthyl carbonate thus produced 
at 120 -140" (Schmitt, D. R.-P. 31240 ; Schmitt 
and Burkard, Ber. 1887, 20, 2701 ; Heydeii, 
1). R.-P. 38062). The acid crystallises in 
needles, m.p. 166"-167“, but when slowly heated 
begins to decompose at 124°-128", and is con- 
verted quantitatively into ^S-naphthol and 
carbon dioxide by prolonged boiling with water 
(Schmitt and Burkard, l.c.). With feme chloride 
a deep violet-black colouration is formed. It 
couples with diazotised bases, but the products 
are azo- derivatives of ^-naphihol (Nietzki and 
Guitermann, Ber. 1887, 20, 1276). 

The 6-sulphonio acid is formed from 
2-hydroxy- 1 -naphthoic acid by sulphonation 
with 20 p.c. anhydro- acid at 40° (Seidler, 
D. R.-P. 53343), and its chloride by interaction 
witli ehlorosulphoiiie acid in the cold (Bayer, 
H. R.-P. 278091). It loses carbon dioxide 
forming ^-miphtholS-sulphonic acid, either when 
warmed in aqueous solution at 60°, or when 
coupled with diazotised bases (Seidler, Lc.), 

(ii.) 8-Hydroxy- i -naphthoic acid, formed, 
tugothef with the anhydride or lactone (m.p. 
108°), by boiling diazotised a-naphthylamine-8- 
carboxylic acid with dilute sulphuric acid, cryst- 
allises in needles, m.p. ^169° (Ekstrand, Ber. 

1886, 19, 1138); it does not readily regenerate 
the lactone. 

(iii.) l-Hydroxy-2-naphthoic aefh is obtained 
by acting on dry sodium a-naphtholate with 
carbon dioxide under pressure at 120°- 146° 
tlleyden, I). R.-P. 38052), or with solid, liquid, 
or gaseous carbon dioxide in the cold and sub- 
sequently heating the sodium a-naphthyl car- 
bonate thus produced at 120°-140° (Schmitt, 
1). R.-P. 31240; Schmitt and Burkard, tiitr. 

1887, 20, 2699). The acid crystallises in needles, 
m.p. J87°, is only very sparingly soluble i» 
water (0’068 grm. in 100 c.c. at 17°), and gives 
with ferric chloride an fn tense blue colouration. 
The sodium salt NaA-f-H^O, scales, and the 
ammonium salt NHjA, needles, are readily 
soluble in hot water (Schmitt and Bufkard, l.c.). 

Reactions. — ^Nitrous acid reacts with it, 
forming 2-mlroso-a-naphlhol with the elimination 
of carbon dioxide ; lutrie acid converts it into 
2 : 4:-dinitro-a-naphthol (Nietzki and Guitermann, 
Ber. 1887, 20, 1276). Chlorinated in acetic acid 
solution, it yields i^-chloro-l-hydroxy-2-naphthoic 
acid, from which carbon dioxide is readily 
eliminated and ^-cKoro-(L'naphihol obtained 

2 L 
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(Kalle, D. P. Aiim. K. 45914). With diazotised 
nitranilines it couples forming para-a 20 - dyes 
(Nietzki and Guitermann, lx, ; cf. Nietzki, 
D. K-P. 4417i; 45203 ; Eng. P. 17583 of 
1887). f 

The 4-8ulphonic acid is obtained from 
l-hydroxy-2 -naphthoic acid by warming it with 
raonohydfate at r)0''-70'' until sulphonation is 
complete (Dahl, I). K.-P. 51715 ; cf. Konig, Tier. 
1889, 22, 787) and its chloride, in.p. 200‘\ by 
interaction with chlorotiulphTinic acid in the 
cold (Bayer, D. R.-l*. 254780; Dng. P. 18430 
ot 1913). The ooid 5H.^O, crystallising 

in small needles, shows blue Huorcscenco in 
alkaline solution. 

UcaciionH . — Nitric acid converts it succes- 
sively into ^-ndroA-hifdroxij-i-mvphihoic acid 
and 2 : 4.-dimiro-a-Mphlliol (Konig, Per JH90, 
23, 800). With diazotised bases it interaids, 
but owing to elimination of Carbon dioxide, the 
azo- dyes formed arc derivatives of a-naphthol-4- 
sulphouic acid (Konig, /.c, ; cj. Dahl, /.r.). 

'Jdio 4 ; 7-di8ulpiionic acid is the main 
product of the suljfihonalion of l-hydroxy-)3- 
naphthoie acid vith 20 p.c anhydro-acid at 
100“ (Konig, Ber. 1889, 22, 787; Hcidler, 
1). R.-P. 50328). The acid H ,A-f4H^O, needles, 
shows bluish -green . fluorescence in alkaline 
solution (Konig, l.c.). 

Rmciions . — When boiled with 3 ]).e. hydro- 
chloric acid it yields a-iiirphthol-4^ : l-diKulphonic 
acid, but with dilute sulphuric acid at J40" it 
gives 1 ‘SxdphoA-hydrox ij-2--nupliihoic acid (Fiied- 
lander and Taussig, Bor. 1897, 30, 1400). hhision 
with caustic alkali at 220''-240'-’ conveits it into 
4L-sulphu-l : l-diliijdroxif-2-naph(hoic acid, and at 
a higher temperature into 1 ; l-diliycroxymcph- 
Uuilciu'A'Sulphonic acid. With diazotised ba.se8 
^ it interacts forming azo- dyes of a-na])hthol-4 : 7- 
diaulphonic acid, owing to elimination of carbon 
dioxide (Kbmg, Ber. 1890, 23, 810). 

(iv.) 2-Hy(lroxy-3-naphlhoic acid is obtained 
by allowing the calculated quantity ol carbon 
dioxide to act on dry sodium ^-riaphthblate at 
200“-250° under pressure (Hoyden, 1). R -P. 
50341; Eng, P. 9012 of 1889; Bclimitt and 
Burkard, Ber. 1887, 2^, 2702) and purified by 
extracting the crude product with 5 p.c. sodium 
carbonate sol^iitioii, neutralising tliii filtrate with 
hydrochloric acid, boiling it with animal char- 
coal, and when cold adding excess of acid to the 
filtrate (Strohbaeh, Ber. 1901, 34, 4142). 

IdenUjicalioii. — It crystallises in yellow 
scales, m.p. 210 ', dissolves only very spanngly 
in hot water, and is characterised by its great 
stability. Its normal salts ; ethyl ester, needles, 
86°, b.p. 290°-291° (Rosenberg, Ber. 1892, 
26, 3034) and hydrazide, plates, m.p. 203°~204“ 
(^Iranzen and Eichler, J. pr. Cdiein. 1908, [ii.] 
78, 104) are yellow, but^the basic sodium salt; 
the O-acetyl derivative, needles, m.p. 170°-177“ 
(Gradenwitz, Ber. 1894, 27, 2024), the amide, 
m.p. 186° (Rosenberg, lx.); the anilide, scales, 
m.p. 243°-244° (Schopff, Ber. 1892, 25, 2743) 
and arylated amides generally (Griesheim, 
D. R.-P. 293897) are colourless, although the 
arylaraides dissolve in alkalis giving yellow 
solutions. 

Reactions . — On oxidation with potassium 
permanganate in alkaline solution it gives 
o-carboxyphenylglyoxylic acid (Schopff?' Bor. 
1893, 26, 1123) and phihMc acid (Schmitt, ibid. 


1114). With nitrous acid it yields l-nitrosO‘2' 
hydroxy -2 -naphthoic acid (Kostanecki, Ber. 1893, 
20, 2898). By ammonia at 200°-280° it is con- 
verted into 2-am'ino-^ -naphthoic acid (Mohlau, 
Ber. 1895, 28, 3090). Monohydrate at 60° gives 
a mixture of the 0- and S-sulphonic acids, but , 
ehlorosulphonic acid in the cold the ] -sulphonyl 
chloride, m.p. 219° (Bayer, D. R.-P. 204780 ; 
Eng. P. 18430 of 1913). With diazotised bases 
it couples forming azo- dyes, without elimination 
of the carboxyl group (Kostanecki, l.c. ; cf. 
Aktienges., D.'R.-P. 77280; Eng. P. 16789 of 
1892 ; Sircar and Watson, J. Soe. Chem. Ind, 
1913, 32, 042). 

Aryla nudes arc obtained either by warming 
a siiHjiension of 2-hydi’()xy-3-iiaphthoic acid and 
excess ol the respective base vith phfisphorus 
Iriehlonde, Uiionyl chloride, &.c. {cj. Bayer, 
I). H,.-P. 284997 ; 291712; Griesheim, D. R.-P. 
204.527; 291139; 293897; 295707; Eng. P. 
J3237; 23732 of 1913; 5444 of 1915; Eochst, 
D. R.-P. 291799), or hy heating an 0-aeyl 
denvafive of the acid at 200‘’-250° to constant 
weight and allowing the product to interact with 
the K'spective arylamine (c/. lloehst, D. K.-P. 
289027 ; 294780’, 295183). The aiiihde was 
first used as a source of azo- dyes by being 
coupled with diazotised pnmuline (Badischc, 
1). R.-P. 221481), but later, uiidei the name 
‘Naphtbol A S,’ was introduced as a devckqier 
for brilliant shades on the libre, rejilaeing 
^-na])litbol, and it is in this direction that these 
arylamides have a.s.sumed importance. 

d'he 1-a 111 1 no-donvative has not been 
described, but the \-diazo-oxiih\ and the nilro> 
componnd, yellow needles jmfling at 212°-213°, 
oht, allied hy nitrating it, have been used to 
furnish dyes for chionung (Bindseh., D. R.-P. 
200098). 

The O-sulphonic acid {L-acid), and the 
8-sulphoiiic acid {i^-ai id), obtained by sul- 
phonaling 2-hydroxy-3-naphthoic acid with 
monohydrate at 00° or above, are separated as 
calcium salts, that of the J.-acid being the more 
soluble in hot water (Gescllsch., 1). K.-P. 
09357; Schmid, Ber. 1893, 20, 1118; Hirseh, 
ibid. 1177), or as acid sodium salts, that of the 
L-aeid being the less soluble (Bueherer, ef, 
.J. «oc. Chem. Ind. 1903, 22, 945). The L-acid 
couples readily, but the S-acid only slowly with 
diazotised bases. 

I The 0 : 8 -d i 8 u 1 p h o n i e acid is the chief 
! proddet of the sulphonation of 2-hydroxy-3- 
. naphtlPne acid (Gesellsch., D. R.-P. 07000 ; 

' Et^g. P. 14101 of 1892), or of L- acid or S- acid 
I (Sehinid, l.c.), with 24 p.c. anhydro-acid at 
: 125°-150‘\ 

I Reactions. — Fusion with caustic soda at 
I 210°-240° converts it into ^-sulpho-l : 7- 
! dihydroxy-G-( /iphihoic acid (Gesellsch., l.c. ; cf. 

I I). R.-P. 71202 ; Schmid, l.c.). With ammonia 
solution at 240°- 280°, it gives G-sulpho-2-amino- 
1 '6-hydro.cy-i -naphthoic acid (Gesellsch., D. R.-P. 

I 09740). 

I Of the remaining hydroitynaphthoio 
j acids four have been obtained by fusing the iso- 
meric sulphonaphthoic acids with caustic potash 
I (Battcrshall, Annalen, 1873, 108, 121 ; Stumpf, 

1 Annalen, 1877, 188, 1), and two from the corre- 
spcnding naphthylaminecarboxylic acids ( Fried - 
I lander, Hcilpern and Spielfogel, cf. J. Soc. Chem. 

I Ind. J?898, 17, 836). 
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DmYDBOXyNAPHTHALENBOAEBOXYLIO AoiDS. 

1 niroductory. — The dihy droxynaphihalene- 
carboxylic acids have little technical importance. 
Five, namely those containing the radicles 
OH : OH : CO,H in the 1 : 2 : 3-, 1 : 4 : 2-. 
1 : 7 : (?)-, 1:8:2-, and 2 : 7 : (3)- positions, 
have been obtained by interaction of the heated 
sodium salts of the re8j)e(itive dihydroxynaph- 
thalenes Avith carbon dioxide under pressure 
{cf. Mohlau, Ber. 1893, 2(), 30(17 ; 1895, 28, 
3093; Schmid, Bcr. 1893, 20. 1117 ; Jlcyden, 
1). R.-P. 55414), and two containing these 
radicles respectively in the 1:7:0- {infra) and 
2:0:3- ]>osition.s, by fusion of the isomeric 
sulpho-2-hydroxy-3-naphthoio acids, 8- and L-, 
with caustic alkali {cf. tSchmid, l.c. ; Gesellseh., 
I). R.-P. 09357). Of these acids four, viz. the 
1:7:0-, 1:8:2-, 2:0: 3-, antf 2:7: (3)- 

derivativcs, coujile ^vith diazotisod bases forming 
azo- dyes. 

1 : 1 - fhlii/d ruxt/n.apJdhalcn('~2-carhoxylic acid. 
The 4-auIphonic acid is produced by fusing 
4: 7-disulpho-l -hydrox_y-2-naphtho]c acid with 
80 p.c. caustic soda solution at 190° (Bindseh , 
i). R.-P. 84053 ; Png. P. 403(J of 1894), or with 
caustic soda at 220'’-240° (Kriedlandm' and 
Zinberg, Bcr. 1890, 29, 38). It couples with 
diazotised bases (Bindsch., Lc.), and is con vert I'd 
into 1 : l-dihydroxynajihthali nr-i ><iil'j)honic acid 
when heated with 30 ji.c. caustic soda at 140' - 
100° (Bindsch., 1). R.-lk 83905), but into the 
2-carhoxylic acid when either boiled with 20 ]) e. 
hydi'ochloric acid (Bayer, I). R.-P. 89539), or 
heated at 140" with 50 ]).c. sulphuric acid (Fried- 
liinder and Zinbcrg, l .( .). 

1 : 'l-DiJiydroxi/mipfilhali nc-O-carhoxylic acid. 
The 3 -sul phonic acid (nigrotlc acid, cf. 
Bucherer, J. jii. Chein. 1907, |ii. | 75, 287), 
obtained by fusing 0 ; 8-disulpho-2-hydroxy-3- 
naphthoic acid with caustic soda at 2IO°-240° 
(C^esellsch., 1). R.-P. 07000; Png. P. 14101 of 
1892; Hciimid, Ber. 1893, 20, 1119) shows 
yellowish-green fluorescence in alkaline solution. 
It couples with dia/otised bases forming black 
or grey azo~ dves ((leselksch , I). R.-l'. 71202 ; 
75258 ; 80912 ;' 84540 ; Png. P. 14253 of 1892 ; 
4400 of 1894). 

NAPHTlIALENEDrCAKBOXYLIO A«Il)S. 

HO^C COjH Naphthalene ! : 8-dicarboxylie 

/\ A acid {mphtJudic acid), obtained 

1 I j by the oxidation of acenaphthene 

YY with chromic acid mixture (Behr 
and Van Dorp, Anriak n, 1874, 172. 20t^; 

Anselm, Ber. 1892, 25, 052) is of interest on 
account of the readiness with which, like orfho- 
dicarboxylic acids, it is converted into an 
anhydride (m.p. 274°) and an tminc^ derivative 
(m.p. 300°) ; and of the resemblance which this 
peri- anhydnde shows to phthalic anhydride m 
forming a fluorescein by conilensation with 
resorcinol (Terissc, Annalen, 1885, 227, 135). 
The diethyl ester, which cannot be prepared by 
direct esterification, forms plates, m.p. 59°-C0° ; 
b.p. 238°-239° under 19 mm. (Wislicenus and 
I^nndorf, Ber. 1912, 45, 410). From the 
imino -derivative, vat dyes have been obtained 
(Kardos, D. R.-P. 270357 ; 276358 ; Eng. 
26690 of 1913).* W. P. W. 

NAPHTHAQUINONE v this vol., p. 507, 


NAPHTHASE Azines. 

NAPHTHAZARIN v. this vol., p. 509. 
NAPHTHAZINES v. Azines. 

NAPHTHIONIC RED or ARCHIL SUB 
STITUTE r. Azo- COLOURING MATTERS. 

NAPHTHOL BLACK v. Azo- colouring 


MATTERS. 

NAPHTHOL GREEN i’. this vol., p. $\2. 
NAPHTHOLSALOL. Trade name for 
naphthol salicylate 

/vyo-cc-o 

H(J» used as an antiseptic. 

NAPHTHOL YELLOW e. this vol., p. 474. 
NAPHTHOPHENAZINE V. Azines. 
NAPHTHYLHYDRAZINE Hydrazines. 
NAPHTHYLHYDRAZONES r. Hydrazones. 
NAPLES YELLOW r. Antimony. 
NARCENE. Sec under Mori'Hink. 
NARCEINE O^iiTM. 


NARCISSINE (.yilj^O^N. 8tout prisms, 
m.p 2()()°-2()7° 95*8° in alcohol, occurring 

m the bulb.‘< of the wild dalTodil Narcissus pseudo 
nan issu,s (Lmn.) (Ewins, CHicni. 8oc. Trans. 
1910, 97, 2406) and J. Btifihanc di.dicha (Herb.) 
(Tutm, ifjid. 1911, 99, 1244) is a monacid ter- 
tiary base, sparingly solubk^m the usual organic 
solvents. It eontams no methoxyl groups, but 
on fusion with potash gives an amorphous 
poly phenolic derivative. J ts physiological action 
18 negligible. 

Asahma and Siigi (Arcli. Pharni. 1913, 251, 
357) consider narcissme to be identical with 
Ivcoimc {q.v.). 

NARCOFORM, NARCYL, Synthetic 


DJUIG.S. 

NARCOPIN. Compound of narcotine and 
inor])hine raoeonate. 

NARCOTINE Optum. 

NARGOL. Silver nuelemate, used as a 
baetericido. 


NAR4NGINC,, HogOji. A glucoside obtained 
from the blossoms and fruit of Citrus deeuwema 
(Murr.). It IS a white sulistance which dtssolves 
m alcohol and m warm water, and crystallises 
with 4 mols. H^O; sp. rotaftiry power m aqueous 
solution in alcoholic solution [a]j) 

—87 ’6°. By hydrolysis is resolved ifito Lsodulcit 
(or a mixture of rhamiiosc and dextrose, Zoller) 
and narimjenvn a w^hite crystalline 

sphstanee, m.p. 248° with decomposition. Gives 
a deep-brown-coloured solution with ferric 
chloride, and is readily soluble m alcohol, ether, 
and benzene. Nanngenin is readily decom- 
posed when boiled with cone. KOH, into phlonj- 
gluemol and nannyenic acid CjHgO, a white 
crystalline powder, m.p. 207°, soluble in watej^ 
giving a rod -brown-coloured solution with feme 
chloride. Its aqueous •solution treated with 
sodium amalgam gives hydronaringemnic acid 
(G9H10O3), m.p. 126° (W. Will, Ber. 20, 294) 
{v. Glucosides). 

NARRAWOOD, Pterocarpus spp., a well- 
known Philippine wood, according to Brooks 
(Philippine Journal of iScience, 1910, v. 448), 
contains constituents very similar to those of 
sanderswood. To isolate the red colouring, 
matter, the wood shavings were extracted with 
alcohol, the alcoholic extract concentrated and 
three volumes of w'aUr added. The solution 
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was boiled to remove alcohol, and the red 
amorphous mass, which had then separated, 
was digested with about five parts of chloro- 
form. ^ 

Thus obtained, Narrin consisted of a dark 
red amorphous powder, readily solublotn alcohol 
and insoluble in chloroform, which could not be 
obtainedj^in a crystalline state. According to 
Brooks it is not idcnlical with the santalin of 
sanderswood, for a preparation ot this melted 
at 104°, whereas narrm does pot melt hut swells 
with charring about 180'*. When fused with 
alkali narari gives phloro^ducinol and resorcinol, 
and by a slow oxidation with permanganate 
12 grams gave 0’5 gram of a substance possessing 
a strong odour of vawlhn. That it consisted of 
this substance was confirmed by its conversion 
into the phenylhydrazone which molted at 104°. 
By distillation with zinc-dust narrin yields a 
small amount of re-torci nol dimcthifl ether, Narrin, 
like saiitalin. gives with alcoholic potassium 
acetate a precipitate of potassium salt, and the 
copper salt prepared in f.his way with copper 
acetate had the eompositum (CijlIi^O^laCu. 

The dyeing prn]jertios of narrin are similar to 
those of santalin, but the shades produced are 
not very fast to soap. 

In addition to colouring matter, l^rooks 
isolated from narrawood both ptero-enrpm and 
homoptero-enrpin. By a careful exammation of 
those substances he concluded that the formulsc 
previously assigned to them arc incorrecf., and 
should in reality be, respectively, 

{see Sandkuswooi)). A. G. P. 

NATRAMROSITE Jauositk. 

♦NATROLITE. One of the commonest of the 
several minerals belonging to the zeolite group 
of hydrated silicates. Its emniiosition is 
NajAhSi.i()jo,2HoO, and it crystallises in the 
orthorhombic system, sometimes as square 
pnsms, but more often as fine needles. It is 
usually found as radiating fibrous masses in the 
.steam -cavities of vulcanic rocks. Sp.gr. 2’2r) 
Colour, usually white ; lustre, vitreou^ Com- 
pact, radially -fibrous material with concentric 
yellow bands, from Hohcntwiel in Wiirtemberg, 
has occasionally been cut and polished for 
ornamental purposes.*’ L. J. S. 

NATRON. A minoralogical term (from the 
ancient ulrphe, soda) for the hydrated sodium 
carbonate Na^CO-iJOHjO, crystallising in the 
monoclinie system. 8im;o this hydrate crystal- 
lises only at temperatures below 20°, it is only 
under exceptional conditions that it is likedy to 
be found in the natron or soda lakes of desert 
regions ; and if formed it would soon effloresce 
ii4,o the monohydrate Na^CO;,,!!^!), known as 
thermonatrite. According to liana it exists 
^ply in solution. The native soda met with in 
the regions of natron lakes consists for the mo.st 
part of the sglt Na 2 CO 3 'NaHC 03 , 2 H 2 () known 
as trona, together with thenarditc {Na>S 04 ) and 
halite (NaCi) {v. Teona). L. J. S. 

NEAPOLITAN YELLOW n Antimony. 

NEAPON {pnntopon). Trade name for a 
mixture of the soluble hydrochlorides of opium 

NEAT’S FOOT OIL. Neat’s foot oil {Oleum 
.hubulum of the B.P.) is obtained from the feet of 
cattle by boiling with water. In this country 
the preparation of neat’s foot oil cliiefly 
carried out in small establishments, in which 


the by-products and waste material of the 
slaughter-houses are worked up (‘ tripe shops *). 
The feet are carefully scraped and washed, the 
hoofs are cut off, and after the, hair has been 
removed, they are boiled with water in jacketed 
pans heated by steam, the water being kept 
simmering for 8-10 hours. The oil rises to 
the top, and is 8kimme4 off from time to time 
by means of suitable skimmers. 

On a large scab;, neat’s foot oil is obtained as 
a by-product in the centres of the meat-packing 
trade {(Jliicago, South America). ’Fhcre the 
feet are taken in their fresh state from the 
slaughter-houses and sawn by a circular saw 
into suitable sizes for further treatment. The 
chief object of sawing off the feet is to separate 
the more costly shin bones from the feet projier, 
whieli latter yield the genuine neat’fc foot oil. 
4’h(5 fatty iratter contained in the shin bones 
approaches somewhat in consistence horse- or 
beef-marrow fat, us the ease may be. When 
kept separate it is sold as ‘ bone oil.’ This oil 
must not be confounded with neat’s foot oil, 
nor with bone fat. It is, however, customary 
in America to recover the oil from the shin 
bones, together with tbe> neat’s foot oil, by 
boiling the shin bones with the feet. Therefore 
American oil has a higher sohdifying-pomt than 
that prepared in this country. The feet are 
scalded by immersion in boiling water from 
10 to 15 minutes in order to loosen the hoofs, 
winch are removed. 

The oil is skimmed off as it rises to the 
surface, filtered roughly through a fine wire 
screen, separated from water as far as possible, 
and yien run into vessels provuted with closed 
steam coils. Steam is jiassed through the coils 
and the water still contained in the oil thereby 
driven off, while at the same time organic 
impurities (albumin) become coagulated. The 
dried oil is finally obtaiiuifl in a perfectly limpid 
state by filtering. 

Neat’s foot oil is pale yellow and has a bland 
taste. For the chemical and physical characters 
of the oil, sec Oils, Fixed, and Fats, tables. 
Properly prejiarcd oil contains only a very small 
amount of free fatty acids. On standing, the oil 
deposits ‘ stcariiie.’ This ‘ stearine ' is frequently 
removed by filtering at a low temperature ; this 
is Alono especially in the preparation of neat’s 
foot oil fot the leather industries, in which oil of 
a low ‘ cold test ’ is required. Owing to its com- 
paratively high pi ice neat’s foot oil is largely 
adulterated with vegetable oils, fish oils, and even 
mineral oils. For the detection of the adulterants, 
s(ic Lewkowitseh, (’hem. Techn. 

Neat’s foot oil is a valuable lubricating oil 
for clocks, guns, sewing machines, and other 
delicate machinery. It is largely used in the 
leather industries (‘fat liquor’). J. L. 

NEBULIUM {arclionium). A gaseous ele- 
ment detected m the nebula of Orion by Bourget, 
Fabry and Buisson (Oornpt. rend. 1914, 158, 
1017), which gives a strong double lino in the 
ultra-violet 372(5-3729, and which from inter- 
ference measurements has an atomic weight of 
about 3. Possibly identical with the hydrogen 
isotope of J. .1. Thomson, or with the helium 
isotope of Rutherford of mass 3. 

NEEDLE-ORE or AIKINITE PbCuBiS*. 

‘ NELSONITE v . Rittilb. 

NEMALITE v , Bbuoite. 
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NEODYMIUM. Sym. Nd. At.wt. 144*2 
(Baxter), 144*4 (Gamier). The fractionation of 
the cerite eartha by Mosander in 1842 led to 
the separation of a new oxide, to the supposed 
element of which the name ‘ Didymium ^ was 
given, on account of the constant association of 
this substance with the motal lanthanum. 

In 1879 the didymium earths yielded another 
element, samarium (Lecoq de Jioisbaudraii, 
Cornpt. rend. 88, 323), and six years later Auer 
von W elsbach succeeded in resolving ^ didy- 
mium ’ into two components nmdyrmum and 
'pTafieodymium by the systematic fractional 
crystallisation of the double ammonium and 
sodium nitrates (Moriatsh. 1885, (i, 477). 

Occurrence . — In the minerals cerite, orthite, 
yttorbito, aesch^niite, monazite, and samarskite. 

According to Wherry (.1. Washington Acad. 
Sci., 1917, 7, 143) the red-violet colour in certain 
minerals is due to neodymium, the absorjition 
speetrum of which is observed in apatites from 
Ontario and California, and in reddish-violet 
ealcites. 

Separation. (1.) Fiachonal precipitation 
rnethodfi depiMidmg on dillerences in basic 
strength {v. Lanthanum). 

(II.) Crystalhmtmn method, s. — The rare earth 
nitrates in aqueous solution are acidiliod with 
one-tenth of their weight of nitric acid and 
treated with the calculated amount of ammomum 
nitrate, the liquid being then evaporated to the 
crystallising- point and left for 24 hours, 'the 
mother liquor is again concentrated to the 
crystallising-point and the process repcab'd (>-8 
times. The fractions thus obtained are again 
systematically crystallised and the cycle of 
operations repeated many times until linally the 
lanthanum ammonium nitrate separates in the 
least soluble fractions, followed successively by 
the praseodymium and neodymium double salts. 
The course of the siqiaration is to some extent 
indicated by the colour differences of the various 
fractions ; those richest in lanthanum are 
colourless, then follow successively green 
fractions containing chu'fly praseodymium and 
some colourless fractions in which the neutral 
tint is duo to the complementary colours of 
praseodymium and neodymium .salts. 'J'he mdte 
soluble fractions show the pink colour of neofly 
mium salts, and finally the unciystalhsable 
mother liquors contain the very soluble salts of 
samarium and the terbium and yttrium njptals. 
Owing to the presence of these soluble salts the 
neodymium fractions do not crystallise readily, 
and it is therefore consmnient to remove Uie 
yttrium eart-hs by a basic process and then 
convert the crude neodymium salt into double 
sodium nitrate. The crystallisation of this 
double salt furnishes fractions still containing 
praseodymium, and this componenf is the more 
readily separated from neodymium by the 
addition of lanthanum, with jrhich it subse- 
quently crystallises in the least soluble frac- 
tions. 

Although the proportions of neodymium and 
praseodymium present in the rare earths vary 
within wide limits, yet ‘ didymium ’ solutions 
generally have a pink colour owing to the 
predominance of the former component. 

Various medifications of von Welsbadi’s 
process have been introduced. After removing 
the main portion of the lanthanum the separa- 
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tion of praseodymium is accelerated by the addi- 
tional pure oerous ammonium nitrate, the cerous 
and praseodyinium double salts crystallising 
together (Sch6ele, Ber. 1809, 32,^09 ; cf. Dennis 
and ChaKiot, J. Amer. Chem. Soc. 1897, 19, 
799). 

The manganous double nitrates, when 
crystallised from strong nitric acid give only a 
small amount of the middle fractions containing 
mixed praseodymium and neodymium salts, and 
bring about a sharp separation betwx'en the latter 
metal and samarium (^acombe, Bull. Soo. chim. 
1904, [ill.] 31, 570). 

'Iho magnesium double nitrates 

2R(N03)„3Mg(NC)a)„24Il2() 

have been employed in acid, neutral and slightly 
basic solutions. In this ijroSess a preliminary 
separation is sometimes eflected by means of 
moderab'ly concentrated potassium carbonate 
when lanthanum and praseodymium are con- 
centrated m the precipitate whilst neodymium, 
samarium, and the ytlnum metals accumulate 
in the filtrate (Demaryay, donqit. rend. 1900, 
130, 1019, 1185 ; Drossbach, Ber. J902, 36, 2820 ; 
Muthmann and Weiss, Anualen, 1904, 331, 1). 

Fractionation of the oxalates has been used 
in freeing praseodymium fsorn lanthanum, and 
neodymium from samarium (8cht:cle, l.c. ; It. T. 
JMcyer, Zcitsch. anorg. Chem. 1904, 41, 94). 

Purification of neodymium and praseodymium. 
Neodymium is freed Irom samarium and the 
yttrium metals by continued crystallisation of 
the double nitrates and finally by fractional 
pnaupitation with ammonia. , 

The m-nitrobenzenesulphonates have been 
suggested as a means of obtaining pure neody- 
mium preparations (Holmberg, Bibang. Sv. Vet. 
Akad. llandl. 1903, 28, 11. No. 5 ; Chem. Centr. 
1900, 11.1595). 

Fractional precijutation of neodymium 
chloride with hydrogen cliloridc serves to free 
neodymjum from lanthanum (Baskerville and 
ytevenson, J. Amer. Chem. 8oc. 1904, 20, 64). 

Praseodymium sulphate is approximately 
twice as soluble in water as neodymium sulphate 
at temperatures ranging ^rom 10" to 70", and 
this difference has been utilised in separating 
the two elements (Muthmann anri Rolig, Ber, 
1898, 31, 1718). 

Fractional crystallisation of the picrates 
affords a useful method for removing small 
Quantities of the metals of the didymium group 
from tho.se of the erbium and yttrium groups, and 
also for separating yttrium from erbium and 
holmium, but does not effect a separation of 
neodymium from praseodymium (Dennis ihd 
Rhodes, J. Amer. Chem. Soc. 1915, 37, 807). 

It is scarcely possible to free praseodymiirtK 
from last traces of lanthanum, but the following 
means have boon recommended : crystallisation 
of oxalates (Feit and Przibylla, Zcitsch. anorg. 
Chem. 1905, 43, 202) ; crystallisation of citrates 
(Baskerville and Turrentine, J. Amer. Chem. 
Soc. 1904, 2fi, 40 ; Zeitsch. anorg. Chem. 1906, 
46, 86; cf. R, J. Meyer, ihid. 1904, 41, 94); 
fusion of nitrates with potassium nitrate when 
praseodymium dioxide and basic lanthanum 
nitrate are produced, the latter being extracted 
with cold aqueous ammonium nitrate; oxida- 
tion with potassium pqfmanganate and mercuric 
oxide followed by the gradual addition of oeroue 
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chloride when the higher oxides of praseody- 
mium and cerium are precipitated, the laatha- 
num remaining in solution (Orloff, Ohcm. Zeit. 
1907, 31, llSj.c 

Neodymium is a paramagnetic ^pietal of 
8p.gr. 6‘95(), m.p. 840°, obtained by clectrolyeing 
the fused chloride (Annalcn, 1902, 320, 231 ; 
1904, 3?1, 1), has a pale-yellow tinge; when 
heated at 220° in hydrogen it absorbs the gas 
forming the hydride Ndll.^. 

Neodymium carbide Nd(!.b yellow hexagonal 
plates, sp.gr. 6‘1 5, jirodiiocd by heating the oxide 
with sugar carbon in the electric furnace (9(Ji,0 
amperes, 50 volts) ; is (lecomposed by water 
evolving approximately 00 ]).c. of acetylene, 

0 p.c. of olefines, and 28 ]).c. of paraffins (Moissan, 
Compt. rend. 1900, 131, 595). 

Neodymium sulphide Nd.S'j, olive gnen, 
sp.gr. 5’179, obtained by })assing hydrogen 
sulphide over the heated tiulphate or suljdiur 
vapour over the carbide (Ber. 1899, 32, 3413). 

Neodymium fluoride NdF.„ lilac crystalline 
powder, precipitated by hydrotluone acid from a 
warm solution of the nitrate (Bcr. 1908, 41, 034). 

Neodymium chloride NdlJl,, a crystalline 
pink hygroscopic mass of sp.gr. 4*134 at 20"/4, 
prepared by (1) dehydrating th(‘ liydro.xide in a 
current of hydrogeii, chloride; (2) heating the 
oxide or sulphate in chlorine and sulphur 
chloride (Matignon, Com])t. rend. 1901, 133, 289 ; 
1904, 138, 031); (3) decomposition of the sul- 
jihide with hydrogen chloride (Muthmann and 
Stiitzol, Ber. 1899, 32, 3413). 'i’hc anhydrous 
Balt absorbs from 2 to 12 molecular projxutions 
of ammonia, and is slouly convcrtixl by dry air 
into the oxychloride NdCX'l. f’he hexahydrate 
NdCIg.OHoO separates from af|iicous or aqueous- 
alcoholic solution in jimk rhombic crystals (Ann. 
Chim. Phys. 1900, [vii.] 8, 243 ; Ber. 1902, 35, 
2022). 

Neodymium bromide and iodide arc produced 
respectively by warming the anhydrous chloride 
in hydrogen bromide and iodide ; the latter is a 
black crystalline mass (Compt. rend. lli05, 140, 
1037). 

Neodymium hydroxide Nd(Oir)3, obtained as 
a bluish-white prccijytate from soluble neody- 
mium salts by the action of caustic alkalis or 
ammonia (Zpitsch. anorg. Chem. 1905, 43, 207 ; 
Joye and Gamier, Compt. rend. 1912, 154, 510). 

Neodymium oxide {neodyviin) Nd2G3, a pale 
blue powder with \ lolet tinge, prepared by 
heating the hydroxide, oxalate, nitrate, <!!;«. 
The colour of the oxide depends partly on the 
mode of preparation, but also on the degree of 
hydration (Monatsh. 1885, 0, 477 ; Amer. Chem. 
J*1898, 20, 345 ; Compt. rend. 1898, 120, 1039 ; 
Annalen, 1904, 331, 1 ; J. Amer. C^hem. fSoc. 
’4004, 20, 54 ; Bull, Soo. chim, 1904, [iii.] 31, 570 ; 
Gamier, Arch. Sci, phy§. nat. 1915, [vi.] 40, 93 
and 199). Higher oxides have been described: 
NdOj by Brauner (Zeitsch, ani'rg. Cbem. 1902, 
32, l)andNd407 by Waegner(^57'd. 1904, 42, 118), 
Neodymium nitrate Nd(NOg)3,0H2O (for 
isodimorphism with bismuth nitrate, v. Bodman, 
Ber. 1898, 31, 1237) furnishes the following 
double nitrates — 

2Nd(N08)3,3Mg(N0g)„24H20 
Nd(N0,)„2NH4N03,4H20 
and Nd(N03)3,2RbN08,4H20 . 
(Zeitsch. anorg. Chem. Iflill, 09, 221). 


Neodymium chromate, moss green mass 
(Chem. Zeit. 1907, 31, 662). 

Neodymium carbonate Nd2(C03)3, a pale red 
precipitate readily soluble in excess of alkali 
carbonates forming double carbonates 

Nd2(C03)3,R2C03 

the solutions of which are blue and exhibit 
absorption sjiectra differing as to the position 
and intensity of the bands from those of simpler 
neodymium salts. 

Neodymium cobalticyanide 

Nd..(Cof:gN3)2,9H20 

1000 parts of a 10 ]).c, HCl solution contain 
4*19 ])art8 of the salt. 

Neodymium oxalate NdJti^OJ^lOHgO with 
the exception of thorium oxalate is the least 
soluble in racids of any of the rare earth 
oxalates. 

Neodymium acetyl acetonate 

Nd|CH(CO'CB3)2L 

violet cry.stallii)c mass, m.p 144°-140°, its 
molecular weight in cfbyl siilphirlc is double that 
indicated by the foregoing formula. 

Neodymium dimethyl phosphate 

lilac-coloured, hiixagoiial jdates, solubility 50 ‘1 
at 25° and 22*3 at 95°. 

For other salts v. , lames, Hobcii and Robin- 
son (J. Amor. Chem. Hoc. 1912, 34, 270 ; Morgan 
and James, (huL 1914, 30, 19). 

Tlic ahsorptioH .spcclnim of neodymium is 
much more complex than that of praseodymium. 
A 10 j).c. neodymium chloride solution shows 
upwards of 17 bands, and 29 (range A742-A328) 
have been noticed on chlution (Lo Radium, 
1909, 0, 215; Comi»t. rend. 1898, 120, 1039; 
Froc. Amer. Fhil. Soc. 1908, 47, 270 ; Jones and 
Guy, Physikal. Zeitsidi. 1912, 13. 049). 

For .spark and arc spectra v. Exner and Has- 
cbek, Sitzungsber. Wien. 1899, Ibi. 108, 1088; 
Die Wellciilangen dcr Bogenspektra, 1904 ; 
Zeit. wiss. Photograph. Pliotophy.s. Photochem. 
1900. 3, 411, 4, B). 

T hermochvmiatry of neodymium compounds 
(*’. Matignon, Commit, rend. 1905, 141, 63). 

* Physiolfxfwal action of neodymium salts (v. 
Afner. J. Physiol. 1900, 16, 314; Proc. Phys. 
8oc. i91O,«'0K). G. T. M. 

NEOFORM. Trade name for a bismuth com- 
pound of tri-iodophenol. 

NEOGEN. All alloy resembling silver in 
colour, said to have the following composition 
(Siauvage, Dingl. poly. J. 215, 377): 

Cu Zn m Sn A1 BI 

58-0 27*0 12*0 2*0 0*6 0*6 

NEOHEXAL. Sulphosalieylic compound of 
hexamethybmetetramine. 

NEOLEPTOL. Syn. for Triformyltrimethyl- 

enctriamino. 

NEON. S}?ra. Ne. At.wt. 20*2 (Watson; 
20*15, Lcduc). An inert gas, discovered by 
Ramsay and Travers in the lighter portions of 
gas obtained by fractionating 16 litres of crude 
argon (Proc. Roy. Soc. 1898, 63, 438 ; Phil. 
Trans. 1901, 47). The method employed in the 
separation of neon from the accompanying 
helium and argon is fully described in Travers 
Study of Gases, 212-218. To obtain a gas rich 
in neon (and helium), the gas escaping from an 
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air liquefier is used. This gas is chiefly nitrogen ; 
it is liquefied and a current of air blown through 
the liquid. The first portion of the liquid to 
evaporate contains nearly all the neon and 
helium present. After removing oxygen and 
nitrogen, the argon is separated by fractional 
evaporation at the temperature of liquid air. To 
separate neon from helium effectively, fraction- 
ation must be carried out at the temperature of 
liquid hydrogen (c/. Watson, dhem. Soc. Trans. 
1910, 97, HIO). Neon and helium may be 
separated from the remaining inert gases by 
absorbing the laliter in ebarcoal at tb(' tempera- 
ture of liquid air (Valontiner and Sehmidt, 
Sitzungbcr. K. Akad. Wiss. Berlin, 1995, 118, 
81(5). They may also he sejiarated by eouling 
in liquid hydrogen when neon solidilii's, the 
helium (b.p. —2(59'') remaining as a gas. 

According to Ramsay, neon ife*eilher a ju'o- 
duct of degradation of niton, oi, more iirobahly, 
produced by the action of niton on water. 

Neon IS much more abundant in the atmo- 
sphere than krypton and xenon ; 1 million 
volumes of air contain 15 volumes of neon 
{(Jlaude, (^omiit. iviid. 1909, 148, 14.54; </. 
Watson, Clu'm. Soe. Trans. 1910, 97, 810; 
Ramsay, Rroc. Roy. Soc. 1905, 7(5, A, 111; 
1908, 80, A, 595)). It also occurs in the gases 
evolved from many thermal springs (Monreu and 
Biquard, Compt. rend. 190(5,148, 180; Ramsay, 
Chem. Soe. Trans. 1912, 101, 1807). 

Neon is a colourless, odourless, tasteless 
gas of sp.gr. 0-(595 (air=l) (Ledue, (5om])t. rend. 
19 1 4, 158, 8(54). Next to lii'lium and hydrogen, 
it is the least easily condensible uas known. Ifs 
critical temperature is below - 218'"; at th(‘ 
temperature of liquid hydrogen it solidifies, 'klie 
critical pressure is 29 atmospheres, and the 
triplc-))oint jiressurc for .the system solid- 
liquid-ga.s is 85 cm. (Oniies, Proe. K. Akad. 
Wetensch. Amsterdam, 1905), 12, 175). The 
vapour prcssiiri's of liquid iH'on between 
24'42'’ and 44*48° (abs.) may be rejirodueed 
by the formula T log 71— — fi5*0(>1 -}-2*8l91T 
-fOOIllSlT^ whore /)— vapour pressure in 
atmospheres ((Jath and Kamerlingh Onnes). At 
N.T.P. 1 litri5 of neon weighs 0*9002 ±0*0008 
grams (Wbatson, (liem. Soe. Trans. 1910, 97, 
832). The compressibility of the gas has Been 
studied by Burt (Trans. Faraday Soe. 19P9, (5, 
19). The refraclive indi'x of nerJh at N.T.P. 
for the green mercury line (A -54(51) is 1 *0000(572 
(Cuthbertson and ( lutb bertson, Proe. Rgy. Soe. 
1910, 83, A, 149). The coefficient of departure* 
from Boyle’s law is -(5x1 0”® per cm. of mercury 
at 17° between 1 and 5 atmos. ; bonce *the 
molecular volume at 10° and 760 ram. Hg is 
1*0004 (perfect gas-- 1, hydrogen 1*0006). 
coefficient of dilatation, ^—8664 x 10_® ; den.sity, 
0*696; atomic weight, 20*15 (Lediic); for its 
viscosity, v. Rankine (Proe. Roy.*Soc. 1910, 88, 
A, 616). Neon is slightly soluble in water, 
the absorption coefficient at, 20° being 0*0147, 
and 0*0322 at 60° (Antropoff, Hid. 1910, 83, A, 
474). 

When neon is shaken in a tube with mercury, 
a red glow is observed, which is as bright at 
120-200 mm. as at 760 mm. On long shaking, 
the glow ceases to appear ; but the property is 
restored by sparking the gas. Moisture must 
be absent ; €iydrogen does not seriously fiffect 
the glow, which is more pronounced in a silica 


tube than in one of glass (Collie, Proe, Roy. Soc. 
1909, 82, A, 378). For the spectrum of neon, 
V. Baly {ibid. HF)3, 72, 84 ; Phil. Trans. 1903, 
A, 202, 183); Livcing and Dewar (Proe. Roy. 
Soc. 1901, 68, 389); Purvis (l*roc. Carab. Phil. 
Soc. 19(il9, 16, 45) ; Watson (Proe. Camb. Phil. 
Soc. 1911, 16, 130); Merton (Proe. Roy. Soc. 
1914, A, 89, 447) ; Meissiner (Ann. Phvsik, 1919, 
[iv. 1 68, 333) ; Ikischen {ihid. 60, 40o). 

Neon IS monatomic, since the ratio of its 
specific heat is 1 *66 (Ramsay and Travers). 

According to* Aston (I’hil. Mag. 1920, 39, 
449) noon is a mixl qj’e of at least two isotopes 
"liaving the atomic weights 20*00 and 22*00 
respectively, 90 p.e. of the former to 10 p.c. of 
the- latter. It is possible that an isotope of mass 
21 is jire.sont to the extent of less than 1 p.c. 

NEOPINE. Syn. for Rydroxycodcine, v. 
Opium. * 

NEOPYRIN. Syn. for Valerylamino anti- 
pynne. 

NEOSALVARSAN, NEOARSENPHEN- 
AMINE, NEODIARSINAL. Sodium 3*3^di- 
aimno-4-4' dihydroxyarsenobenzene-N-raethyl- 
eu<‘-sul])hiiia(o. Sec Aksenicals, oroatjic. 

NEOSIODE. Syn. for lodoeatcchin. 

NEOYTTERBlliM. See Ytterbium. 

NEPHELITE or NEPHELINE. A rock- 
forming nmieral consistjiig of sodium (and 
[lot.issiuin) alumino-silicate crystallised in the 
liexagonal system. In oom]josition it apju’oxi- 
mates to the orthosilieatc formula NaAlSi04, 
but th(T(‘ IS always a slight cxci'ss ot silica. This 
has been (‘X])lained by the presence of such 
molecules as KAlSuOn (Icucite) and NaAlSi.,Og 
(albite), or by the solid solution ot silica m the 
material. Potassium (K2O 4-7 p.c.) replaces 
sodium ill the ratio of 1 : 3 or 1 : 6. Calcium 
(CaO 1-2 p.c.) IS also often present, Other^ 
members of this hexagonal group of minerals,*^ 
namely, Jcnhopluliie (KAlSit)^) and fucryptite. 
(L1AIS1O4), do not show the same variations in 
composition. Thcs<‘, as wi‘11 as the normal 
sodiuiji orthosilieate (NaAlSiO^) and the corre- 
sjiomlmg barium and strontium compounds, 
liav(! been prepared artificially. The mineral is 
readily decunqiosed by acids with gelatinisation ; 
and it IS completely tiolublc in dilute (N/4) 
hydrochloric ae.kl. 8p.gr. 2*66-2*65 ; H. 6|[-6. 
ff’wo varieties are distinguii^icd, namely, 

‘ glassy ’ nephelitc and ‘ greasy ’ nephelite or 
clarnlite ((4er. Fettstein). The former occurs as 
small colourless crystals and grains in volcanic 
rocks rich m soda, such as phonolites and 
nephcline-basalts. The best crystals are from 
Vc.suvius, Flaeolite occurs as larger opaque 
masses, of a grey, bluish, greenish, or red colour, 
in plutonic rocks (nexfficlmc-sycnite). ItaPcha- 
racteristic greasy lustre is due to numerous micro- 
scojiic enclosures of other minerals, i^iiis * 
variety is occasionally employed rs a gem -stone. 
W'^hen cut with a curved surface it displays a 
chatoyant effect like cat’s-eye. I’his is the only 
practical use to which the mineral is put. But, 
being readily decomposed by acids and in certain 
places (south Norw'ay, southern Urals, Ontario, 
Brazil, Sic.) of abundant occurrence, it might be 
employed as a source of potash. This would 
particularly apply to the closely allied mineral 
kaliophilite (KoO 29*7 p.c.), were it not of 
such rare occurrence, being known only in 
veri^ small quantitj^ from Vesuvius, It must 
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be remembered that nepheline-syenite is of 
some importance as the home of many rare- 
earth minerals. * L. J. S. 

nephelom|:try. In the course of in- 
vestigations liquids are sometimes obtained 
holding in suspension extremely small q^Iiantities 
of solids, and having in consequence an opal- 
escent ajpearance. iSuch suspended matter 
cannot conveniently be separated and weighed. 
Richards, in a paper on a revision of the atomic 
weight of strontium involving the formation of 
silver bromide (Proc. Amcr. Acad. Arts and 
Sciences, 18n4 -18!)5, 30, <1184; and Zeitsch. 
anorg. Chem. 1805, 8, 208), described an iristru^ 
ment which ho liad devised for compaiing 
opalescences and estimating their relative 
amounts. He named it a itejthdoiuvfvr, Irom 
vf(l>ekr], a clovd ; ij was designed to compare 
the light reflected by two ojialesi'cnt liquids, 
one being the liquid under (!\amination and the 
other a liquid containing an opaleseenee caused 
by a known quantity of material. By varying 
the lengths of two columns of liquid exjiosed 
to light an equality of brightness, as viewed 
from above, was attauK'd, and then the lengths 
of the columns w'cre measured. In the instru- 
ment pure water, even when exposed to a strong 
light, seemed absolutely black; but an absurdly 
small quantity of preApitate, which no ordinary 
means could discover, niadi' a very evident 
cloudiness. 

Early attempts at com]jaring opalescences 
were made by Mulder (Die Silberprobierrnethodc, 
Trans, by (Irimm, 1850), and by Stas (Ann. 
Chirn. Phys. 1874. [5], .3, 115); his method was 
one of tiirbidimetry. 

Nephelomctry ought to be distinguished 
from turbidimetry . in the latter light is viewed 
\ihrough the opalescent- liquid and the pow'iir of 
cutting off some of the light is the basis ot com- 
parison, wdiilst in nephelometry the intensity 
of the light reflected by the particles in sus- 
pension is the basis; ix. the light fioni what is 
sometimes called the Tyndall beann. Un- 
fortunately, authors have mixed up the use of 
those terms and of rtephelomcitr and tiirbidimctfr, 
and their writings must be read carefully to find 
out whi^i they really niban. 

Opalescences too slight to be measured by 
turbidimetry ovn bo measured by nephelometry. 

Nephelometry has become a valuable aid to 
research. It has been used m some other re- 
deterrainations of atomic weights, for example, 
those of sodium and chlorine (Richards and 
Wells, J. Araer. C’hem. Woe. 1005, 27, 484) ; 
strontium (Richards, Zeitsch. anorg. Chem. 1905, 
47, 146) ; potassium (Richards and IStaehler, Bcr. 
190S; 39, 3(>21); and vanadium (Briscoe and 
, Little, Chem. Soc. Trans. 1914, 105, 1310). More 
rc^ntly it has been adapted for various investi- 
gations in biological chemistry where the quan- 
tities of material available are small and the 
amounts to be determined are far smaller. It 
has also been proposed to make various analy- 
tical estimations by producing opalescences and 
measuring them with the nepholometer. 

Nephelometers. — Richards' Nephdometer . — 
Richards and Wells, in Amer. Chem. J. 1904, 31, 
236, describe an improved form of the earlier 
instrument. This improved form is shown in 
Fig, 1. By its means the amount of precipitate 
can be estimated whenless^han one or two milli* 
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grams per litre are in suspension. The liquids to 
be compared are contained in the two test tubes, 
f, t, each of a capacity of 32 c.c. and of the same 
diameter, made of clear glass free from striations. 
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In order to avoid reflections from the liquid 
meniscus at the toy) and from the curved surface 
of the glass at the bottom, they arc painted 
outside round the toy) and bottom with black 
asphalt jiaiiit, the distance between the bands 
of paint being exactly the same in each tube. 
These tubes arc held in a frame A, where they 
rest on jiillars, p, p. slightly inclined tow'^ards each 
other. Glass jackets, g, also jiainted to make 
them opaque, slide uyi and dowoi over the tubes 
and ])illars, and can be kept in any desired 
yjosition by brass springs, thus excluding the 
light from more or less of the liquids in the 
tubes, and in consequence only that portion of 
the opalescence exposed sends light up to the 
jirisms d, d. 4’he source of light is an incandescent 
electric lamp contained in the large box, OC. 
Scales on the pillars show how much of the clear 
portion of each tube is cxjiosed. On the top of 
the frame is a movable box, b, blackened inside,- 
and carrying two jirisms, d,d, with angles of 16°, 
with their thin edges slightly ground and fitting 
closely together. By means of these prisms an 
observer looking down through the aperture at 
the toy-of the box sees semicircular images, s, s, 
of about half the cross section of each tube with 
a common diameter, as in the ordinary half- 
shade polarimeter, the two halves appearing 
scarcely larger than a single tube ; thus their 
relative brightness can be readily compared. 
By adjusting the jackets at various heights the 
two half circl&s can be made of equal brightness 
and the lengtes of the tubes exposed can be 
read oil on the scales. The liquids are stirred 
and mixed by means of propeller-shaped pieces 
of y)latinum foil sealed on two glass rods ; these 
are kept standing in separate tubes of pure 
water when not in use. In the earlier instrument 
there were no prisms, so the brightness of 
the opalescences could not be so accurately 
compared. 

Roughly speaking, the amounts of substance 
in suspension are inversely prAportional to 
the len^-hs exposed when equal brightness is 
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attained. Thus, if the prepared liquid contains 
0*026 milligram of precipitate and the scales 
show that an exposure of 9*0 centimetres gives 
the same brightness as 10*0 centimetres of the 
liquid under examination, then the latter is the 
wealcor and contains nine-tenths of 0*025 that is 
0*0226 milligram of precipitate. This rule, how- 
ever, is not strictly correct, for the u])per particles 
must hide to some extent those lower down, and 
the method is quite inapplicable if the pre- 
cipitate is at all abundant ; but for slight 
opalescences the error is not great, especially 
when the lengths exposed differ but little. To 
ensure accuracy a seiies of observations should 
be made and the mean taken. A rough ex- 
periment should first be made with liquids 
approximately equal in length for the same 
brightness and then observation^ with liquids 
made very nearly equal by calculation from the 
first experiment. 

Manj^ precautions must he taken to ensure 
accuracy ; thus stray reficetions in the ajiparatns 
must he avoided, as also must minute air huhblea 
produced in mixing the Ihjuids, and dust must 
be guarded against — it is often piesmit m dis- 
tilled water, and would cause an opaleseenee. 
When silver solutions aie dealt with dust would 
also increase the precqiitate, as it usually con- 
tains chlondes. The 1 races <d liydroclilonc acid 
commonly presfuit in laboratoiy air and wbieli 
get into the disl illod watei would also pri'cqiitate 
the silver, as also would the chlondes of the 
perspiration if the glass surfaces arc touched or 
handled.. To prevent darkening silver pre- 
cipitates must be prejiared in a dim ligbt in a 
dark room, and must be kept in ])erfeet darkness 
excejit for the short exyiosuie to light necessary 
when making an observation. 

The most imjiortant precaution of all is to 
ensure that the standard opal('B(;cncc and the 
one to he estimated are strictly comparable, and 
this is not at all easy to attain. Opalescences 
vary according to the method of precipitation^ 
the concentration of the solutions, the amount 
and nature of the other sulistanees in solution, 
the amount and manner of stirring, and change 
in character as time goes on after their first 
formation. The rate of change, too, is difl<»rent 
in different cases. The stirring should be* done 
at the comraencement of the precipitation, as 
delay alters the result. 'Jdie proyierty of changing 
with time will cause error if, when the comparison 
is made, the opalescence in one liquid ft not so 
fully developed as that in the other, as may 
happen if the standard opalescence is produced 
a little differently from the one to be estimated. 

The opalescence in the case of silver chloride, 
and, no doubt, in other cases, increases to a 
maximum and then diminishes. The course of 
the process seems to be that on adding the pre- 
cipitant to the solution the silver chloride is 
first formed in particles too small to reflect light ; 
as time goes on these aggregate in masses large 
enough to reflect light and to appear as an 
opalescence, and a maximum brightnoss is 
reached after which, by further aggregation, 
the masses become lumpy or flocculcnt, thus 
including particles shut off from the light, and 
the brightness lessens. As time goes on, too, 
some precipitate falls to the bottom, ami 
diminishes tne brightness. 

In the case of silver chloride the opalescence 


varies a great deal according to circumstances, 
and much study has been given to it by 
Richards and by Wells (Amer. Chem. J. 1906, 
36, 99 and 608). No doubt, other opalescences 
exhibit ^he same or other peculiarities, which 
must be ascertained if their measurement is to be 
accurate. Weak opalescences change much 
more slowly than strong ones, and cctisequcntly 
are more suitable for ncplK'lomciric measure- 
ment. Very slowly forming opalescences, in 
general, never aM-aiii the maxima that quickly 
forming ones attain. The presence of various 
^substances in solutiiTn influences the maximum 
reached, and the time taken to reach it; it 
was fouml that electrolytes, such as nitric acid, 
usually increased the amount of the maximum 
and accelerated its arrival; results are given 
and anomalies are discussed in the yiaper. Con- 
flequeritl)q a suilabk time must be allowed for 
the ojialeseeiices rii form, and this must be found 
by trial exjierimeiits. For every concentration 
suitable additional substances in solution and a 
suitable excess of the ])rccipitant are required. 
For inslance. Wells (Amer. Cluan. J. 1906, 36, 113 
and 609) recommends for silver nitrate added 
to ])otassmm chloride NxO‘000005, that an 
electrolyte should be present, that the silver 
nitiuti' should be in one hundred-fold excess, slid 
that the measuiement slioukl be made in 30 
minutes, or more when the opalescence has 
become relativc'ly stable. As the standard 
opalc.scence undergoes variation as well as the 
ojialcsccncc under examination, he substituted 
plates of ground glass in the ncphelometer for 
the foimer, so as to liave an invariable standard 
w'hen watching the variations in brightness of 
the latter. Jliehards {ibuL 610) comments on 
Wells’ work, and does not recommend this jilon 
when nephelometry is used for analytical work?^ 
He insists that for even moderately accurate 
analytical results the unknown solutions to be 
estimated and the known standard solutions 
must liave bomi precipitated and treated in 
exactly the same way, including temperature 
conditions, and sufficient lime must havm been 
allowed for the opalescences to develop. He 
considers that most of tjie opalescences examined 
by Wells were too strong for accurate nephelo- 
metric work, because of their rapid rate of 
change ; and says that the ncphelometer should 
be employed for exact work only when the pre- 
cipitate is 80 finely divided that it will not in 
any reasonable time, for example, two or throe 
days, deposit itself and thus place itself within 
the range of ordinary quantitative determina- 
tion. He mentions not much over 1 *6 milligi'ams 
of silver chloride per litre, or about N xOij^OOl, 
as being a suitable strength. 

As regards similarity of treatment : jthen* 
ascertaining the amount of dissolved silver 
chloride in washings, by precipitation with 
silver nitrate, he did not consider it satisfactory 
to compare the opalescence wdth a standard 
made by adding silver nitrate to a known weight 
of potassium chloride, but first dissolved both 
opalescences in ammonia and reprecipitated 
them with nitric acid before using the nephelo- 
meter (Ber. 1906, 39, 3622). The reason why he 
took this precaution was that he had noticed 
that when adding a large excess of silver nitrate 
to fiolution of silver chloride the opalesceijce 
formed more quicld^ than when adding it to an 
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equivalent solution of sodium chloride. This 
led him to doubt whether the weights of pre- 
cipitate corresponding to a given maximum 
intensity of opalescence arc equal in the two 
oases. Another peculiarity thaf he noticed was, 
that if a solution of silver chloride f/as long 
kept, it lost in strength without any deposit 
being visijde on the glass. Oik* such solution 
fell from about 1-5 milligrams per litre to 1-1 
milligrams. This jjoints to the neeil of not 
delaying the precqntation apd neplielometrie 
measurement of such weak solutions (.1. Ainer. ^ 
Chom. Roe. 11)05, 27, 480). » ; 

Lamb, (larloton and Meldrum (J. Amer* i 
Chem iSoc. 1920, 42, 251) give a study of silver 
chloride opalescence in a 50 ji.c, alcohol and ' 
water mixture, afti-r heating to 40", lor war-gas , 
work; use of kiesglgiihr as a standard; u<l- 
ditional iirecautions to tliuse of Richards ami 
Wells, e.f/. the positmii the gyiquece and tubes ' 
should be the same tbroughoul a set of com- ; 
parisons. 1 

Kohcr's Nop/iclovuia , — Kober has mujiloyed | 
the method to study the a(‘lion of eu/ymes on ! 
proteins (.) Biol. ('hem. 1912-1:1, 1.1, 485; and i 
J. Amer. (.:hem Soc. 191 2, 3.5, 290), and has 1 
devised a nephelonie^ter fd. Jnd. Lng. (.’hem. 
1915, 7, 843) Jii whieh the lengths of the columns j 
of liquid exposed to 'light are aiuvi'd at in a ' 
different way. It is somewhat on the plan of ! 
Duboscq’s c.olorimeter, and is shown in 8id(‘ 
view in Pig. 2. It is one of sev(‘ial forms that 



he tried. The* opalescent liquids are contained 
in two tubes like /. For clearness only one is 
shown, the other being mostly hidden. They are 
of clear glass except the bottoms, which are 
black anq^ opaque. They rest on two shelves 
like s, which can be moved u]) and down by two 
rack-and-pinion arrangements like r at the back 
of the instrument, so as to reach the two fixed 
plunj^ws, p. These are empty ey lindens made 
4 of black glass with optically perfect plates ot 
clelh glass fused on to them at the bottom, 
thus avoiding the troublesarising from plungers 
painted black and closed by plates cemented on. 
By raising a shelf the plunger can bo more or 
less deeply immersed in the liquid, and the 
column of liquid between the bottom of the 
plunger and the bottom of the tube is then 
exposed to the light coming from the case c, 
and the opalescence in this column then sends 
its light up through the plunger to the optical 
arrangement above. Scales at the back of the 
instrument show what lengths of liquidj are 
exposed — these lengths may roach 100 milli- 


metres. The optical arrangement is a set of 
prisms contained in the prism house h; it is 
based on the Lummer-Brodhun plan (Zeitsch. f 
Instruraentenkunde, 1 889, 9, 23 and 41 ), and has 
the effect that as seen through the ten'estrial 
eye-piece e, the light from one tube illuminates 
a square q, and the light from the other tube 
illuminates the rest of the ciicle 1. By moving 
the shelves and thus altering the lengths of 
liquid exposed to light, I and q can be made of 
equal brightness. The openings, 'jhed, on each 
side are elosed by doors, and there are black 
curtains behind the lubes to give a black back- 
ground. 'I’he msidc of the ajiiniraius is painted 
black to jirevcnt reflections, and a board can be 
put between the tv\o tubes for the same purpose. 
The part c is a xvide cylinder containing an 
electric lain]). The filament should be compact 
so as to makfi the souice of light as nearly a 
point as possible, and the haiscs should project 
the light in a pencil of parallel or nearly parallel 
rays. This jiart, c, is not essential, some forms 
of the instrument are without it, and can be 
used with daylight. The hinge, li, allows the 
in.struincnt to be inclined at any convenient 
angle. Jf mirrors are fixed at m and ??// the 
instrument can be used as a colorimeter, but 
then the tubes must, be replaced by others with 
clear glu.ss bottoms. If the mstrnmeiit is used 
in a photographic dark room, or if the eyepiece 
IS surrounded by a box into which the observer 
can put Ins head, trouble from stray Lght at the 
eyepiece is avoidi'd. Trials should be made to 
see it pine wati'r m the tubes thi’ows up any 
light to the eyepiece, and tubes wit.h opalescences 
should be intiuThanged to see that the results are 
the same, using either side of the apparatus, and 
any nece.'^sary corrections must be ascertained. 

In .1, Biol. Chem. 1917, 29, 165, Kober 
describes improvements in the racehanical, 
optical and lighting details of the instrument, 
and in J. Ind. JEng Chem. 1918, 10,655.116 gives 
numerous figuies. Kober and Klett, in J Biol. 
(Jheni. 1921, 47, 19, give further nn])rovement8 
designed make it more convenient to use 
and to avoid the fatigue that the earlier form 
caused when m constant use. As thus improved 
the ^instrument i.s made by the Klett Manufac- 
turing Conijiany, 202, East 40th Rtreet, New 
Y orlc^. 

Kohirs fonmla . — Whilst Richards thinks 
that the column of liquid examined and the 
^columnrif the standard liquid should differ very 
little ill length when equality of brightness is 
attainerl, if (lie results are to bo accurate, 
Kober (1. Biol. Chem. 1912-13, 13, 491) proposes 
a formula, or a curve drawn on paper, by the 
use of which liquids of .strengths ranging down 
to about lialf that of the standard can have 
their strength-determined. He finds, as might 
be evjiectcd, tnat the simple inverse proportion 
rule, does not hold good for this range, and gives 
this formula — v 

* X z" 

for finding x, which denotes the ratio of the un- 
known strength to the strength of the standard. 
In the formula s is the length of standard liquid 
exposed, y is the length of the liquid under ex- 
amination when equality of brightness is 
attamec^, and k is a constant which has to be 
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determined for the particular substance dealt 
with, and for the particular instrument. To 
test his formula he made experiments with the 
protein edestin, preparing the opalescences by 
precipitating a solution of it in hydrochloric acid 
by the addition of sodium chloride solution. He 
employed strengths 'ranging from 33‘3 to 14-3 
milligrams per litre, and from J (»*() to 6 milligrams 
per litre. He also experimented with silver 
chloride, using strengths ranging from 57 2 to 
14*32, and from 14*32 to 7*15 milhgrams per 
litre. He tested it again later {ibid. 11)17. 21), 
104), using casein precipitated by sulphosalieylie, 
acid, and found that with his later in'^trument 
the value of k was different from that found in 
earlier experiments, showing that this constant 
varies with the instrument used as well as with 
the substance. ^ 

BLoor (J. Biol. Chern. 11)15, 22, 145) describes 
a method of converting at will a 1 Juboscq’s colori- 
meter into a nephelometer by the use of certain 
accessories. In it the plumjers are removed, 
and Richards’ jilan of using jackets to cut off 
the light is employed. 

Mar-^haU and Hanks (Proe. Amer. I’liilo.s. 
8oc. 11)15, 54, 170) have desigiu'd a form in ! 
which the upward light from ((/ual columns ol 
two ojialesccnt liquids is comiiared and measured. 
The method is sliown m side view in Fig 3, but 
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without details. The columns are contained in 
the tubes /, i'. Tlie light from t is reflected 
horizontally by the mirror ni, which is silvered 
with the exception of a wide ring left trans- 
parent. Tlie light from the other column in /' 
is also reflected horizontally by the mirror m', 
so that it passes throiiidi the unsilvereal ring 
on m. On viewing m through the magnifying 
e 3 ^epiece, e, the tw'o lights are si^en contrasted 
as shown at c. A wedge of neutral-tinted glass 
is then slid over t until the two Kght.s are of 
equal brightness, and from the requisiltc thick- 
ness of this the relative brightness of the ojialcs- 
cences is calculated. 

Briscoe and LiHb, when redetermining the 
atomic weight of vanachum (Chem. Soc. Trans. 
1914, 105, 1321 ), u.sed a nephelometer resembling 
Richards’, but having the test-tubes vertical 
instead of inclined, and havitig two mirrors 
instead of the prisms. The near mirror reflects 
half the top area of t he near test-tube, and the 
back mirror reflects the tcfji area of the back 
test-tube, so that the two brightnesses are viewed 
from the side of the apparatus instead of from 
the top, and appear as semicircles side by side, 
like «, 8 in Fig. 1. 

The TyndaUmeter of Mecklenburg and 
Valentiner (Zeitsch. fiir Instrumentenkunde, 
1914, 34, ^09) is an elaborate instrument, so 
named by them because it examines the light 
^sent up by a beam such as Tyndall produced in 


floating dust (Nature, 1809-70, 1. 499). The 
fallowing is a brief outline of the instrument. 
A beam of light from a Nernst lamp is divided ; 
one part is made to proceed horizontally through 
the liqyiid under examination, where it produces 
a Tyndall beam with any suspended matter. 
Light that ascends vertically frimi this beam is 
viewed through an eyepiece, wheiTs it is seen 
contrasted with the light from the other part 
of the beam. This latter light has jiassed 
through thri'e f^icol’s prisms : two fixed and 
one rotatable. By rotating this through an 
angle which is measured, the brightness of this 
light can be reduc(‘d until it is equal to that 
from the suspended mattei, Mecklenburg also 
writes about the Tyndallnu'tcr (with figures) 
and the use oi the Tyndall beam for colloid 
solutions 111 KoIIokI Zeitschf. 1914, 14, 172 ; 1914, 
1.5, 149; and 1915, lb, 97. 

Tolnian and ^’Ucl (.1, Amer. Clhem. 8oc. 1919, 
41, 297) describe a somewhat similar Tyndalt- 
meter for liquids, smokes, and mists; it was 
made in war time from jiipc fitting.s and stock 
a.p]iaratus. h’urtlu'r pajiers in tlu' same volume 
deal w'lth results obtained in the ease of silica 
susjx'iisions in water and smokes. 

[Vilkr and llandov'^kij (Ann, d. Physik, 1913, 
[4] 42, 1145) a Tyndallqjeti'r not yet so named. 

Dreyer and, Catrdnvr (Bio-dhem. J., 19H), 10, 
399) ]uepare a set of graduated dilutions in 
small i-est-tub('s and eonqiare bacterial emulsions 
or li([uids with mattei in suspension with these. 

KlemmamCs Ncp/iclometcr (Biochem. Zeitsch. 
1919, 99, 129, and Kolloid Zeitsch. 1920, 27, 
23b) is an important rival of Kober’s. It is 
somewhat like Kober’s, but the amount of 
illuminaled liquid under observation is regulated 
by admitting light through rectangular apertur^ 
whudi can be mcieas(‘d or diminished by loweriilg 
or rai.sing movable shutters, instead of being 
regulat(‘(l by lowering or raising the vessels. 
The jilungers are cylinders of solid glass instead 
of being hollow tubes, and the source of light is 
furl^ier off. It is made by Schmidt and Haensch, 
lb. Prinzessinnenstrasse, Bc.rlin, S 42. 

In the same volume of the Biochem. Zeitsch. 
Kleiiimann writes at, l(*ngth on nephelometry, 
and criiieises Kober’s nephelometer and formula. 

Weinberg (Biochem. Zeitsch. 1921, 125, 292) 
makes a critical comparison of Kober’s and 
Kleinmann’s instrummits, and describes an 
iiiHiroved form and also a form with a constant 
standard of comjiarison ; in this two Nichol’s 
jmsms are used. He also gives details of pro- 
cedure, criticises other authors’ work, and 
thinks Kober’s tubes are not wide enough. 

Applications. — I'he following ar«i[*i some 
further references to nephelometric methods that 
have been proposed or used for the determwatioft 
of various substances : (Kober, J. Soc. Chem. 
Iiid. 1918, 37, 75'f), A survey of these deter- 
minations, giving also a method for estimating 
the phosphorus in cast iron, and mentioning the 
use of solutions of colloids such as egg albumin, 
soluble starch, and gelatin, to keep opalescencea 
in 8u.spension. (Kober, J. Amer. Chem. Soc, 
1913, 35, 290), Digestion of caseinn using sulpho- 
salicylic acid as a precipitant. (Kober, ibid. 
1585), Determination of casein, globulin, and 
albumin in milk. (Marriott, J. Biol. Chem. 
1943-14, 16, 289), Determination of minute 
quantities of aedtone by means of a silver- 
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mercury -cyanide reagent. (Bloor, ibid. 1914, 17, 
377, and 1915, 23, 317), Determination of fat*in 
small amounts of blood. By suitable treatment 
a solution of sodfum salts of the fatty acids ig 
obtained and then hydrochloric acid isi added 
as a precipitant. (Sharpe, Biochem. J. 1917, 1 1, 
96), Estimation of fatty acids and soaps in faecc.s. 
(Csonka, J.*Biol. Chein. 1918, 34, 677, and 1920, 
41, 243), Definition of ‘ np]ihc]ometric value;’ 
Study of these values for cholesterol and fatty 
acids; Criticism of Bloor’s* work on fat in 
blood and of Sharpe’s wprk on fatty acids 
in faeces. (Kober and Graves, J. Ainci. Chcon. \ 
fe’oo. 1914, 36, 1304), Estimation of undigested 
nucleic acids by addition of egg albiinim and 
acetic acid. (Graves, ihid. 1915, 37, 1171 ), De- 
termination of ammonia by precipitation with 
a mercuric chlorid'c-sodiiim chloride-lithinni 
carbonate reagent, the ])reoipitatc being kept j 
in suspension by starch solution. Kjeldahl- * 
nitrogen determinations can be made ivithout { 
the need of distilling, but mercuric oxide should i 
be used as the catalyst instead of copper sulphate. I 
(Kober and Egerer, 7hid. 2373), Estimation of I 
phosphorus by means of a strychnino-molybdic 
acid reagent. (Kober and Graves, J. Choni. Soc. i 
Absts. 1916, 108, [ii.] 602), Estimation of purine 
bases and uric acid in blood and urine. ( Bloor, 
il. Biol. Cheni. 1915, 22, 133, and 1916, 24, 447), 
Determination of lecitlun in small amounts of 
blood by oxidising it to ])hos})horic acid and 
precipitating this with silver nitrate or with a 
strychnine-molybdic ae.id reagent. (Woodman, 
Gookin and Heath, J. Ind. Eng. Ghem. 1916, 8, 

1 28), Determination of small amount s ol essential 
oils by precipitating their alcoholic solutions 
with water. (Lyman, J. Biol. Ghem. 1917, 29, 
^^69), Determination of calcium in blood ami 
milk by coagulating with trichloracetic acid, 
filtering, and after suitable treatment of tb(! 
filtrate, precipitating the calcium with a mixture 
of ammonium stearate and oleate. (Bloor, 

1918, 36, 33), Determination in small am^^unts 
of blood of phosphoric acid, both total and in 
different blood components. (JMeigs, ibid. p. 335), 
Determination of phosphorus. (Kleinmanii, 
Biochom. Zeitseh. 1019, 90, 115 to 189), Estima- 
tion by the strychnine-molybdenum reagent of 
BzOjin amounts from 0‘1 milligram to 0 ’0005 
milligram. (Yahlick, Perrott and Furman, J 
Arner. Cheni. Sot:. 1920,42,266), Determination 
of mustard gas in war-gas work by the use of 
selenious acid. (Desha, ibid. ]>. 1350) uses ultra- 
violet rays to produce fluorescence in liquids 
placed in a Kober ncpheloniiUer. 

Turbidimeters. — The simple plan of viewing 
a canlCe flame through a column of liquid, for 
rapid analyses and for water examination, is 
'described by Hinds (J. Amor. Chem. Soc. 1896, 
18, 661), by Jackson {ibid^ 1901, 23, 799), by 
Muer (J. Ind. Eng. Chem. 1911, 3, 553), and in 
the U.S. Geological Survey Water Supply Paper 
No. 151, 1905. In this last there is also de- 
scribed a modification using an electric light and 
also a plan of using a platinum wire projecting 
from a rod to be viewed through the water ; this i 
is further dealt with by Wells in U.S Bureau of j 
Standards Sci. Paper No. 367, 1920, where : 
he describes another turbidimeter. Smith’s 
^paratus (U.S. Pat. No. 1,232,989, 1917, and 
J. Soo. Chem. Ind. 1917. 36. 10.31) is anotW 
9teotrio light form of the candle plan. 


ScUesinger (D. R. P. 237,470, 1910, and 
J. Soc. Chem. Ind. 1911, 30, 1413) describes a 
form in which light passes through a hole in a 
screen, then through a transparent grating, then 
through a wedge-shaped vessel containing the 
turbid liquid. The grating is viewed through 
the liquid and through a hole in another 
screen. 

Lamhcrl, Vies and de Wadtville (Compt. rend. 
1919, 168, 797) describe a form for bacterial 
suspensions using for comparison a photographic 
plate of progressive darkening, 

» Shcpjmrd (J. Ind. Eng. t3iem. 1920, 12, 167) 
describes a form suitable for varnishes, solutions 
of gelatin and the like. In this use is made of 
tlie hnmh seen when the lines of two line gratings 
cross one another as described b}^ Ives in the 
Electrical Wor*jl, 1910, 55, 930, and in J. Opt. 
8oe. Anier. 1917, p. 100. The line gratings arc 
situated at one end of the iustrument, and light 
from a lamp passes through them. They can 
be rotated with respect to each other and the 
angle between the hues read olf. A standard 
liquid IS placed in a cell betwi'cn the gratings 
and th(‘ eyepiece. The lines are now indis- 
tinguishable, and only hands are seen. The 
gratings are now rotated until the bands just 
(lisa])pear and only a uniform grey is seen, and 
the angle is lead off. 'I’lie same is done with 
the liquid under exaniiiiatioii instead of the 
standard liquid, and the new angle is noted. 
From lliese tv\o angles the relative trans- 
parency of the liquids is calculated. The 
liquids are eontamoil in square glass jars, and 
to obviate distortions eausi'd by their irregular 
j sides, th(‘ jars aie immersed in the cell in mono- 
I ehloroiiajiidhaleiie the refiaetive index of which 
j is the same as that of glass. 

I Ilonrrs and Mayer (J. Biol. Chem. 1920, 42, 
191) have designed a turbidimeter in which the 
plan of the oil spot photometer is used. The 
light from an electric lamp on one side passes 
through the liquid under examination ; and the 
light from an eleeJric lamp on the other side 
jiasscs through two glass discs. 'J'here are two 
flat wheels in which ground glass discs are 
mounted, and these wheels are revolved until 
two ^lass discs are found which reduce the light 
until It IS equal to that coming through the 
liquid. 8om^ details seem to need fuller 
cxplanatiim in the jiapcr. 

Ohini^mm and Anduhert (Compt. rend. 1920, 
j no, 728) describe a turbkhmeter (they call it a 
I nejihelometcr) in which the light from an 
iiican<.lescent lamp is lefleeted by two totally 
I reflecting jirisms ; the beam from one of them 
passes through a tube containing the liquid under 
examination, and the beam from the other 
passes through a plate designed to diminish the 
light in a melsurable degree. This plate is 
made up of two similar prisms of very small 
angle ; one is of gl^ss of a neutral tint and the 
other is of clear glass, and they are cemented 
together in reversed positions so that the 
deviation of the beam caused by one prism is 
corrected by the other. By sliding this plate 
different thicknesses of tinted glass are inter- 
posed in one beam, and the intensity of the light 
from each beam is made the same. No figure 
is givefi. » 

Denis (J. Biol. Chem. 1921, 47, 27) suggests 
that turfiidimetry by moans of a oolorimetes 
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may be advantageously substituted for nephelo* 
metry in several analj^ioal processes. 

For unexpected irregular results with a 
turbidimeter, see Konig and Kriiss (Zeitsoh. 
Nahr.-Genussm. 1904, 7, 587). 

In view of the variability that Richards and 
Wells found when dealing with silver chloride, 
and in view of the experiences of other authors, 
it is essential that the peculiarities of each 
opalescence should be studied and the right 
conditions for its measurement ascertained, and 
that a good deal of confirmatory work should be 
done before relying on nephelometric results, aiul 
it is safest to use a standard of a strength not 
differing much from that of tlie lujuid under* 
examination and similarly ])reparod ; but with 
these precautions nephelometry is likely to prove 
extremely useful. II. H. R. 

NEPHRITE V. Jade. 

NEPONITE V, Garnieritjs. * 

NEROL CioHjgO is a terjicne alcohol, first 
Isolated by If esse and Zeitschcl (J. pr. Cheni. 
1902, [ii.] fifi, 481) from the neroli oil of orange 


mice (Hildebrandt, Beitr. Chem. Physiol. Path. 
1903, 4, 261). Nerol is probably a space iso- 
m^ride of geraniol ; when oxidised with chromic 
acid it yields a substance with the odour of 
methylheptanone, and, probably, oitral 6, mixed 
with a little citral n. Citral b when reduced 
forms iferol. On prolonged shaking nerol forms 
terpin hydrate (Zeitschel, Ber. 190(), 39, 1780). 

Nerol tetrabromide Obtained by 

adiling the calculated quantity of bromine to a 
solution of nerol in chloroform, evaporating and 
rccrystalhsing fpom ethyl acetate, forms long, 
silky needles, m.p. 118*' -11 9° (Soden and Treff, 
Tk r. 1900, 39, 900). • 

The aliphatic esters of nerol have a similar 
smell to nerol ; the acetnic, b.p. 93"--94“/3 mm., 
134“/25 mm., sp.gr. 0"910 at 1.5“, saponification 
number 280*2, and the formate, b.p. li9°-12l°/26 
mm., sp.gr. 0*928 have Ijfcn ])rei)ared (Soden 
and Zeitschel, l.c. ; Soden and Treff, l.c.). 

Nerolidol Ci„H2bG is probably .an aliphatic 
sesquiterpene alcohol It is contained in neroli 
and rose oils, and is, possibly, identical with or 


blossom oil. It is also contained in ])etit-grain 
oil (yoden and Zeitschel, Ber. 1903, 30, 205) ; in | 
Bergamot, Java ('ananga, and in French 
lavender and other etheri'al oils (ICize, (Iliein. 
Zeii. 1910, 34, 538, 857, 1025) ; .Soden and Treff, 
Ber. 1904, 37, 1094). 

Preparatum . — South American pidit-graiii oil 
18 saponilied and then carefully distilled with 
steam or under reduced pressure. , The higher 
boiling-point fractions contain the nerol togctlier 
with geraniol and terpineol ; the two former are 
separated from the latter by converting them 
into their acid phthalic esters. After purifying 
and saponiEymg, the mixture is treated with 
powdered anhydrous calcium chloride with 
which geraniol gives a solid product, whereas 
nerol is unaffected and can bo washed out 
with light petroleum (1). R. P. 150495; Soden 
and Zeitschel, /.c.). In a similar manner nerol 
can be prepared from llcUchrysum aivpidijolmm 
and other species of H elichrysum from which 
larger yields are said to be obtained (1). R. P. 
209382 ; Chom. Zentr. 1009, i. 1785). Nerol of 
the same composition and jiropcrtiea has also 
been obtained by heating Imalool with acetic 
anhydride and sodium acetate, or with fpnnic 
acid, or a mixture of sulphuric and acetiq, acids, 
the nerol being separated from the resulting 
product as above (T). R. PP. 105^94 ; 195895 ; 
lfi689fi ; Zeitschel, Ber. 1909, 39, 1780, 1792). 

The nerol obtained by any of tllo abov^; 
methods still contains geraniol from which it can 
be finally purified by treatment with diphenyl 
carbamide chloride in the presence of pyfldine. 
The geranyl and neryl di}ihenyl urethanes thus 
formed are separated by fractional crystallisa- 
tion from light petroleum. 

Neryl diphenyl urethane, m.]> 52''-53°, when 
treated with an alcohohe solution of potassium 
hydroxide, yields pure nerol (Soden and Treff, 
Chem. Zeit. 1903, 27, 897 ; Ber. 1909, 39, 909). 

Properties . — Nerol is a colourless oil, b.p. 
226°“227°/755 mm., 125°/26 mm., sp.gr. 0*8813 
at 16°, and having a delicate fresh rose smell 
(Austerweil and Cochin, Compt. rend. 1910, J5J, 
440), on account of which it has been employed 
for the manufacture of artificial perfumes j 
(D. R. P. 155287 ; J. Soc. Chem. Ind. IDO.*^ 819). 1 
Nerol has tfben found to have a toxic action on 


very similar to fariiesoh It forms a colourless oil 
po.s8essing a faint but permanent pleasant odour, 
ha.s b.p. J28°-129°/9 mm,, 194°-I95"/25 mm., 
270°-277^7790 mm., sp.gr. 0*880; |alp-l-13-32“ 
(Uesse and Zeitschel, l.c.), b.p, 149°/4 ram., 
sp.gr. 0*894 at 15°, aioi; (yodon and Treff, 'Ber. 
1904, 37, 1094). It forms an addition product 
with 9 atoms of bromine, 

NEROLI V. Oils, essential. 

NEROLIN. Trade name for /1-naphthol 
methyl ether. 

NEURIDINE, NEURINE v. Putrefaction 
bases and Choline. 

NEURODIN V. .Synthetic drugs. 

NEURONAL. Trade name for bromo-di- 
ethylacetamide (u. Synthetic drugs). . p 

neutral red. ToluyleuL red v. AziNFS.^ 

NEUTRAL VIOLET V. Azines. 

NEVILE AND WINTHER’S ACID, l-naph- 
thol-4-8ulphonic acid. 

IPVRALTEIN. Trade name for sodium 
jp-phenetidmomethancsiilphonatc {v. Synthetic 
drugs). 

NEVYANSKITE v. Iridosmine. 

NEW BLUE. Naphthylene blue, Fast blue 
2 B or li, Meldola's blue, NeAo methylene blue 
V. OXAZINE colouring MATTERS. 

NEWKIRKITE. A variety of manganite (g.v.). 

NICCOLITE or NICKELINE. Nickel arse- 
nide NiAs, crystallised in the hexagonal system, 
and containing Ni 43*9 p.c. Small amounts of 
iron and cobalt arc sometimes present ; more 
frequently antimony replaces arsenic, formmg a 
passage, through the variety arite, to broithaup- 
tite (NiSb). Crystals are rare, and are usually 
scon only as the tips of hexagonal pyra-midi? ^ 
closely clustered together. The massive ma- ' 
terial sometimes Shows a reticulated or a 
columnar structure. The most characteristic 
feature of the mineral is its copper-red colour 
with metallic lustre. It thus iirosents a striking 
resemblance to native copper, but it is readily 
distinguished from this by its greater hardness 
(H 5-51), brittleness, and brownish-black 
streak. On this account the mineral was early 
known to the old German miners as Kupfernickel 
(copper-nickel), a term meaning worthless aa 
copiier, or devil’s (Nick’s) copper. The element 
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nickel waH discovered by A. F. Cronstedt m , 
1761 in this mineral, from which also it was ; 
named. Another characteristic feature, whiah 
enables the mineral to be recognised at sight, 
is the frequent presence of pale green annaberg- 
ite (NiaAs^OgjfiHjjO) as an alteration product. 
The mineral is soluble in hot nitric acid, giving 
a green solution, which on cooling deposits 
brilliant oefahedra of arsenic trioxide. Sp.gr. 

7 *3-7 -5. 

Niccolite occurs somewhat abundantly in 
the copper-hearing shales oP 'riiuringia (at 
Mansfeld, Eish'biui, and 8angerhau8en) and at 
Rieehelsaort in Hesse ; with*silver ores at Anna- 
berg and tSchneeberg in Saxony, and at Joachims- 
thal in Bohemia ; with native silver in the 
fyobalt district in Ontario ; and it has been 
occasionally found m Oornwidl and Scotland, 
e.g, with pyrrhotitc ili mica-diorite at Talnotry 
near Newton Stewart m Kirkcudbrightshire. 
The mineral has been minefl, e.sjiecially m 
Thuringia and Spain, as a source of nickel and 
for the manufacture of white arsiMiic. L. -1. S. 
NICHOLSON’S BLUE v. TKirnENVhMETHANE 

COLOURlNa MATTKRS. 

NICHROME. An alloy usually containing 
Ni 68-62, Fe 23-2(1, Or 8-14, Mn, Zri, SiO*6-2-0, 
and Co 0-2-1 •() ji.c. See Nickel. 

NICKEL. At.wt. 58;68 ; ^ sym, Ni. 

Nickel consists of two isotopes of masses 68 
and 60 m the proportion of 2:1. This gives a 
value 58*67 which agrees closely witli the 
accepted number. 

History, — The discovery of this metal is 
attributed to (Jronstedt (1761- 1754), wdio found 
it in Kupfermchrl (false-co]q)er). a term 
applied to the mineral by the miners of Saxony, 
because, although its a])pea.rance re.semhled 
^at of copper ores, they were unable to extract 
^pper from it. Bergman lirst prepared jiure 
nickel in 1776, but, alloyed with copper and zinc, 
the metal had been used by the Chinese in very 
early ti rnes. 

Occurrence. — Nickel is widely diffuse^ in 
nature, and has been very frequently detected 1 
in igneous rocks, especially magnesian varieties, 
in which it is generally associated with chro- j 
mium. It is found native*; alloyed with iron^ in ; 
meteorites and in the terrestrial minerals I 
aivnruite and jos^phituie, which contain 60 ]).c. I 
or even more metallic nickel. Numerous com- i 
pounds exist in nature, but the following are i 


mixture of nickel silicates, magnesian com- 
pounds, and free silica. 

The Ontario ores yield nearly 80 p.c. of the 
world’s output. During 1916, over million 
tons were smelted with the production of 
betw*een 40,000 and 50,000 tons nickel and about 
half as much copper. Nickeliferous pyrrhotitc 
ore is also worked in Norway (accounting for 
the production of from 600 to 1000 tons nickel 
])('!• annum), and has bocm mined to a much 
smaller extent in Bennsylvaiiia, Tasmania, 
►Sweden, Italy, South Africa and elsewhere. 
Silicate ores, similar to garnierite, occur also 
,111 (jln'i'ce, Madagascar, North Carolina and else- 
where. hut the output from these sources is 
commercially unimportant. The arsenical ores 
(chielly arsenides) usually contain both nickel 
and cobalt, and are worked in Cobalt, Ontario, 
as well as in Saxony, Bohemia, France and else- 
where. 

'Fhe production of both Ontario and New 
Caledonia, ks increasing, although the former is 
proliably three or lour times grealer than the 
latter. 'Phe pyrrhotiti; oies of Sudbury, whose 
reservi's are estimated to be about 140 million 
tons proven ore, contain an average of from 
about 2 to 3 p.o. nickel, 1 to lA p.c. cojiper, and 
40 p.c. iron. The New Caledonian ores contain 
about 6 p.e. nickel, about I p.e. cobalt, and 
practically no cojipor. Cobalt is invariably 
presmit in nickel ores although freijueiitly m 
small amount ; the Siidbuiy pyrrhotite contains 
only a fraction of 1 per cent. Silver, gold, and 
the platinum grouj) metals are present in the 
Sudbury ores in small hut imiiortant amounts, 
the average being probably about: gold 0*01, 
silver 0*2, platinum metals 0*0 1-0*02 ounces 
per short ton. 

F.rfrdCti'm. — The first stage in the extraction 
of nickel from its ore.s is, almo.st invariably, 
that of smelting the erude ore, whereby the 
nickel, and when i»resent, the copper, becomes 
concentrated from the garigue of the ore, in 
the form of a matte composed of the lower 
suljihides of the metals. In (Canada most of 
the ore is smelted locally and the matte exported 
hitherto to the United States or Europe to bo 
refined. Steps are now being taken to cany 
out the refining within the Dominion. Smelt- 
ing is ‘also earned out in New Caledonia, but 
01*0 is also shipped to Europe in large quantities 
for treatment in Franco and England. A 


the most imjiortant ore-inincrals : — 

Pontlandite . . (h’e, Ni)S 

Millerite . . . NiS 

Niccolite (Kiipferriiclcel ) NiAs 
Chloaiithite . . NiAsg 

Gersd^'llite . NiAsS 

JBreithauptite . NiSb 

AnnaTiergite . NiaAsdlg-f Aq. 

Garnierite . . . IhJNi’MglSiO^-l Aq. 

(variable). 

The cliief sources of nickel arc, in relation 
to the world’s production: (1) the ores of 
Sudbury, Ontario, which are chiefly pyrrhotitc 
(magnetic iron pyrites) containing pentlandite 
and chulcopyrite (copper pyrites), in a matrix of 
norite ; and (2) those of New Caledonia, in 
which the nickel exists as garnierite^ a variable 

^ No iliJfereuoe has boon observed in the atomic [ 
weight of terrestrial and moteorlc,nickel. I 


considerable amount pf experimental work 
Iras been* carried out with a view to the enrich- 
ment of ores by methods of water concentra- 
tion imd oil flotation, but, at the present time, 
with the exception of liand picking, practically 
the whole of the nickel ore rained is smelted 
direct to a matte. The practice in Canada, 
and elsewhere where the ore consists of a sul- 
phide, consists If three operations : (a) roasting 
lor the removal of a portion of the sulphur ; 
{b) smelting for the production of a low-grade, 
highly ferruginous ^matte ; (c) the removal of 
the iron and a largo proportion of the sulphur 
in a Bessemer converter for the production of a 
high-grade matte, and (d) the refining of the 
nickel-copper matte, i.e. conversion into metal. 

(u) In Canada, heap roasting is still largely 
practised, the Canadian Copper Company, the 
largest, operating concern in Canads^ has about 
250,000 tons of ore roasting at one time, and 
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roasts over 60 p.c. of its ore in this manner to a 
content of from 10-12 p.c. sulphur. Each heap 
contains about 2600 tons of ore laid on a foun- 
dation of about 12 or 18 inches of \frood, with 
flues about 10 feet apart. Coarse ore is first 
piled on the wood, followed by layers of medium 
si/.e and fines which cover the entire heap and 
regulates the rate of combustion ; the roasting 
is completed in three or four months. Only a 
comparatively small proportion of the fines 
can be roasted in the heaps, the remainder is 
roasted in mechanical furnaces of the Wedge 
type, or by the Owight-Lloyd sintering process. 

(6) The smelting of nickel ores of tlui Sud- 
bury type IS similar to that of smelting pyrilic 
copper ore, that is to say, suflicient sulphur 
must remain in the roasted ore to combine as 
sulphides with the mckel, eojiper, and a portion 
of the iron to form matte. The r(fiisted ore will 
contain from 2^ to 4 p.c. Ni, U-2 p.c. Cu, fl2-4() 
p.c. iron, and 0-11 p.c. iS, and it is the u^'ual 
practice for a portion of the furnace charge to 
consi.st of raw ore. The smelting is earned out 
in blast or reverberatory furnaces, the Canadian 
Copper Company using both (the former for 
lum|) ore and the latter for lines) and the Mond 
Nickel f'ompany only blast furnaia's. 'Thi* 
water -jacketed blast furnaces ot the Canadian 
Copper Company measure 50" X 204" at the 
tuyeres, and 10^ from the hearth to the eharging 
level, and have a smcltimg capacity of about 
400 tons of oie per day of 24 houis Tho«e of 
the Mond Nickel Company rneasuic 50" X 2 10" 
and have a capacity ot about 420 tons ut ore 
The charge consists of roasted ore, or roasted 
and raw oi'o mixed to the eoirect jiroportnui of 
sidphur, slag and scrap from the converters, 
limestone and quartz, and about 11 p.c. of coke 
to the charge. During the smeiting, the greater 
part of the iron pa.sses into thi' slag, and a portion 
of the sulphur in the charge oxidises and vola- | 
tilises as 1802, wliile the nickel, cojiper and the ' 
remainder of the iron become sulphides, and j 
form the matte. The molten products flow | 
continuously into the settlers lined with chrome , 
bricks ; the slag, with a sii.gr. of about :T7, j 
overflows into 25- ton pots, while the matte, | 
with a sp.gr. of 4‘(i-4‘S, .‘tellies to the bottom | 
and is tapped off at intervals into 7-ton la^llcs, 
which are carried by rail to the converter build- 
ing. 

The low grade, or raM, matte thus pro- 
duced represents a concentration of* about 
100 ore to 23 matte , a higher concentration 
is not found to be ecomnnical owing to increased 
losses of metal in the .sLig. The matte eontiiins 
an average of 20-26 p.c. nickel pluj^ copper, 
the ratio of nickel to copper being between 

and 2^ to 1, according to the relative amounts 
present in the original ore. The slag averages 
0-16 p.c. copper and 0'32 p.c. nickel and carries 
about 9 p.c. of the original nickel-copper con- 
tent. This loss is found to intrease if a greater 
concentration of matte is attempted in the 
blast furnace. Reverberatory furnaces (coal- 
dust fired) are used by the Canadian Copper 
Company for smelting the tine ore and flue dust. 
The matte produced is similar, but the metal 
recovery is not so high as in the blast furnace. 
The Mond Nickel Company dispenses wit^ the 
use of revertftratory furnaces, by sintering the 
fines in Dwight-Lloyd furnaces and adding the 


partly de-sulphurised sinter to the blast furnace 
cha^'ge. The treatment of the New Caledonian 
garnierite ores is carried out on the same 
principle as that for Sudbury lyid other pyritic 
ores except that, there being practically no 
sulphur fn the ores to form matte, sulphur is 
added in the form of gypsum to the blast 
furnace charge. The ore is ground lAid mixed 
with limestone, gypsum, and coal or coke and 
briquetted. The raw matte contains about 
45 p.c. Ni, 25-30 4).e. Fo, and 10-20 p.c. S, and 
practically no copper or precious metals. 

{('.) The oiiriehment of the matte is best 
Carried out in the Riissemer converter. Unlike 
copper, nicki‘1 or niekt*l-cop])er matte cannot be 
reduced to metal in the converter, as there is 
no similar reaction between nickel sulphide and 
iiiekid oxide. Itessemensati^ii consists in blow- 
ing air through the molten matte, and is carried 
out solely with a* view to the oxidation and 
leinoval of the iron as silicate and the pro- 
duction of a high-grade matte. The earlier 
praciiee in JSudbury was to use 'acid’ con- 
verters, BO called because tlui converter lining 
w'as composed of silicious matter (quartz and 
clay) which was acted upon by the FeO, with 
the formation of an iron silicate slag. Latterly, 
basic converters, lined with magnesite brick, 
have been sub.stitutcd, aiiTl the silieious matter 
is adth‘d on the to]) of the matte as required, 
thus avoiding the necessity foi frequent refining. 
ITie (Janadian ( kipper Company’s converter]^ 
are of the horizontal ty})e, 37' 2" long by 10' 
diameter, outside measurement. The whole 
operation requires about 50 liours to convert a 
full charge of about 400 tons of raw malte into 
about 100 tons of refined matte containing as 
nearly as possible 80 p.c. nickel pirn copper (say 
53 i Ni and 20 J Cu) and 20 p.c. sulphur and 
about A p.c. iron, lii th<* jirocess of oxidising, 
]uactically the whole of the iron, and a small 
amount of the nickel-cojiper is also oxidised 
and enters the slag, which is returned to the 
blast furnace. The slag vanes in composition 
during the ‘ Mow,’ the average containing about 
J p.c. Cu and 3 p.c, Ni. The New (’aledonian 
blast furnace matte is l^i'ssemcnscd in a similar 
manner, but usually in smaller converters. 
'I’he rolinod matte contains from 05-75 p.c. Ni, 
the balance being sulphur. * 

(r/) Nickel refinirnf.—FoT the production of 
metallic nickel from refined nickel-copper matte, 

, there are three standard methods in use, viz. 
(1) the Orford, (2) the Mond, and (3) the 
1 electrolytic. (l)Tlie Orford process consists 
I of smelting the matte with sodium suljihate and 
' carbon (producing sodium sulphide) in i^ver- 
beratory furnaces. 'J’he fused mass separates 
' into two layers which are tapped separatifly. 

1 The upper layer, known as ‘ tops,’ is composed 
j of double sulphides of sodium and copper con- 
I tainiiig a small proportion of nickel, while the 
i lower, or ‘ bottoms,^ consists of a nickel matte, 
j much richer in nickel and poorer in copper. 
By repetitions of the operation, concentration 
! of the greater part of the nickel is effected, 
i The final bottoms, still containing a small 
I percentage of copper, are ground, roasted with 
salt in a reverberatory furnace, and leached 
with water. The solution contains most of the 
reina’inmg copper and a portion of the silver 
and platinum group metals. The residue 
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oonsiats of nickel oxide, which is reduced in 
reverberatory furnaces to metal containing 
about 99 p.c, Ni, including a little Co. ^Che 
working costs of the Orford process are low, but 
it is believed thifo the losses of nickel and copper 
are greater than in either of the other two 
processes, and but a small proportion of the 
precious metals is recov(;red. (2) The Mond 
process (Eng. Pat. 23(i()5, Dec. 10, 1895) depends 
upon the fact that when carbon nionoxnle is 
passed over metallic nickel at, 59" C. a carbonyl 
(NilCO),) is formed which, on being boated to 
150°0., is again decomposer I into metallic nickel 
and carbon monoxide. The Mond Nickr! 
Company produces a matte in Ontario averaging 
4rl p.c, nickel and 41 p.(!. copper, which isshipfied 
to Wales for treatment. The matte is finely 
ground, roasted, aqd leached with 10 p.e. sul- 
phuric acid, which extracts about two-thirds of 
the copper. 'I'he re.siflue is ^reduced to metal 
by water gas or producer gas rich in hvdi(»gen, 
in specially constriieted reduction tou'crs, at a 
toraporature not exiaieding 35()"C., in order that 
the small amount of iron |neseiit shall not be 
reduced beyond the ferrous state. The fincdy 
divided nickel is subjected to the action of 
carbon monoxide* in aunilai' towTrs at a tem- 
perature of between 50" and 80"tk, when the 
volatile carbonyl pas.ses a way to the dee.oinjioser. 
The operation is not conflicted m one pas.sage; 
the residue is returned to the reducer, ami then 
to the volatiliser, circulating in this manner for 
from 7 to 15 days. About 70 ji c. of the niekcl 
ia thus removed, and the residm*, which is 
similar in comjiosition to the original roasted 
matte, is smelted with gypsum and carbon for 
the production of a matte similar to the original 
80 p.c. matte. This is re-treated and the final 
^fosidues are sold, principally for their content 
of platinum and jialladium, although they 
contain also small amounts of indium, rhodium, 
gold and silver. The volatilised nickel carbonyl 
is decomposed at a temperature of about 200"C. 
in a tower containing granules or small <;>ellets 
of nickel kept in motion to prevent cohesion. 
The gas passes uj) wards through the interstices 
between these pellets, on to which nickel is 
deposited as the nickel larbonyl is decomposed. 
The pellets are automatically removed, screened, 
and the smallri: size returned tq the top of the 
tower, while those from to are sold. The 
purity of the nickel is high, 99 ’8 p.e. or better, 
with a little iron and minute quantities of sulphur 
and carbon. The copper sulphate, obtained by 
leaching the roasted matte with sulphuric acid, 
is crystallised and sold ns such, and the nickel 
sulphate is recovered from the mother liquors, 
The*^ond process is carried out to-day in 
, substantially the same manner as was fully 
desik-ibed by Koborts Austen (Proc. Inst. t'iv. 
Eng. 135, 29). (3) A number of electrolytic 

methods for refimng have been tried from time 
to time in Canada and the United States 
(notably those of C. Hoepfnor, Eng. Pat. 11307, 
1894, and H. A. Frasch, U.S. Pat. 469, 439-469, 
442, Mar. 5, 1901), but, for various reasons, have 
been given up.* Latterly the British-America 
Nickel Corporation has adopted V. M. Hybi- 
nette’s process (Eng. Pat. 13356, 1914) for the 
refining of nickel in the new jilant now being 
installed in Ontario. By this process, ali^eady 
liuooepsfully operated in ^Norway on poorer 


■ores than those of Sudbury, the nickel is 
deposited electrolytically from soluble anodes 
made from partly roasted nickel-copper matte. 
The bessemerisod matte produced in Norway 
contains an average of 47 p.c. Ni and 33 p.c. Cu. 
It is roasted to remove the bulk of the sulphur 
and leachod with 10 p.c. sulphuric acid, which 
dissolves a large proportion of the copper but 
very little nickel. The residue is melted and 
cast into anodes containing about 65 p.c. Ni, 
3-H p.e. sulphur, about 30 p.c. copper, and a 
trace of iron. The electrolyte contains 45 
j grammes Ni and from 3-5 milligrammes Cu 
1 per litre. After circulation, it contains from 
2-3 grammes Cu per litre and is passed over 
waste anodes, when the copper is preeijutated 
and niekel regenerated. The nickel cathodes 
are made of iron jilates rubbed over with a thin 
wash of w.ak'r and graphite. The deposited 
nickel IS sold in sheets Avitliout rcmelting. The 
I metal is guaranteed 99 p.e. and contains not 
j more than OT ]),c. Cu and an average of 0*6 p.c. 
i iron. The precious metals are recovered from 
j the anode shme. Tiie copper is similarly 
' deposited electrolytically on sheet copper 
! cathodes and the precious metals recovered 
'l in the slirae. The jierceutage recovery of nickel, 
j copjier, and precious metals is high. 

I Other processes suggested for the treatment 
{ of oxidisisd ores include the direct production 
! of ierro-nickel, c.xtraction from the ore after 
chloridising and suliihatising roast, &c., but 
none are, to any extent, in commercial use at 
the present time. Large quantities of a natural 
alloy of iiiekel and eopjier, known as monel 
metal, are now produced from Sudbury ores 
by the direct smelting of roasted matte, from 
which a small projiortioii of the coiqicr has been 
I removed by the first stage of the Orford process. 
Its average composition is about 68 p.c. nickel, 
30 p.c. copper, and J J p.c. iron ; its properties 
are referred to later in this article. The pro- 
posal has been recently revived in Canada and 
elsewhere to smelt the old slags, hitherto thrown 
to waste, for the production of a pig iron low 
in nickel. 

The production of nickel from arsenical 
ores, such as those containing niccolite (kupfer- 
nictel) and chloranthite, is carried out on a 
relatively small scale. The ores commonly 
contain alsfi cobalt, iron, and other metallic 
sulphides, and are roasted and smelted for the 
production of a speiss composed chiefly of nickel 
'arsenide. The speiss is subjected to repeated 
oxidising and reducing roasts to drive off the 
arscviic, and finally the nickel oxide is reduced 
with carbon. Wet methods are employed for 
the separation of the cobalt, v. Cobalt, Vol. 11. 

Properties of Nickel . — Nickel is a lustrous 
silver-white i^etal having a slight steel-grey 
tinge, which is very noticeable when it is com- 
pared with silver. It is sufficiently hard to take 
a fine polish. Nickel is magnetic at ordinary 
temperatures, but, like iron, becomes non-mag- 
netic at high temperatures, the transition 
occurring between 34t)° and 360®C. Its speoifio 
gravity is 8*36, increasing to 8*6-8*9 by mechani* 
cal treatment. Its hardness is stated to be 3*6 
of Moh’s scale (Copaux, Compt. rend. 1906, 140, 
667) and its melting-point is 1462‘’C. (Henning, 
ZeitSeh. Electrochem. 1913, 19, 185 ; Dana and 
Foote, Trans. Faraday Soc, 1920, 16, 186 ; 
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1452, 3 I Day and Sosman, Phys. Rev. 1907. 
126, 1 ; Acad. Sci. 1913, 3, 371) and its 
specific heat O’ 109. The electrical conductivity 
of nickel is about 12 9 compared with silver at 
100 ; its specific resistance is 6*4 microhms/c.c. 
and its breaking stress 42 kilos, per sq. mm. 
(Copaux, /.c.). Nickel is malleable and ductile, 
and can be rolled into sheets 0*028 mm. thick 
and drawn into wire 0*014 mm. diameter. Its 
malleability and ductility are diminished by the 
presence of carbon, manganese, arsenic, sulphur 
or nickel oxide. At a white heat it can be 
welded to itself, to iron, and to various alloys. 

Nicki'l may bo distilk'd in tin* electric fur- 
nace, the distillate having the sanu* prop(‘i*t.ies as 
the finely divided metal. It is not so volatile as 
manganese, but more so than iron or chromium 
(Moissan. (lompt. rend. 1906, 142, 425). Its 
boiling-point is 2490'730 mm. • 

The metal does not readily tarnish in the air 
at ordinary temperatures, bul< becomes coated 
with a greenish coloured oxide at a red heat. 
AVhen heated, nickel ivirc bums in oxygen ; it 
also becomes incandeseent in nitric oxidi* at 
200 ° and is jiyrojihonc when prepared by 
hydrogen reduction. Jt decomposes steam 
slowly at a red heat. Acetic, citric, tartaiic 
and oxalic acids have littli' or no action on 
nickel unless they are left in contact for a long 
time. Puaed caustic alkalis have no action and 
it is unalfected by fresh or soa watei. Jt 
dis.solves slovly in dilute sulphuric and hydro- 
chloric acids, rapidly in nitric acid or nqna- 
regia. Tn contact with concentrated nitric 
acid, it becomes [lassive like iron; wlu'n drojqM'd 
into fuming nitric acid it ma.y be vioh'iilly 
attacked, may become passive, or may be dis- 
integrat(!d to a grey magnetic powder (Holies, 
Proc. ('amb. Phil. 8 oc. 1904, 12, 253). Hydro- 
gen is occluded by nickel at temperatures abovi* 
200 ° (k, in quantity increasing with the tem})era- 
^ure, but very dilTercnt values have been 
obtained for the aelual amount (<;/. Bayer and 
Altmayer, Ber. 1908, 41, 30(>2; and Sieverts, 
Zeitsch. physikal. Chem, 1907, 60, 129). 

Molten nickel absorbs carbon monoxidi*, 
given off on cooling, which jiroduces unsound 
oasting.s full of blow-holes. It has the powr 
of disvsolving its monoxide, forming a eutci'tic 
similar to that formed by copjier w^^h cuprous 
oxide, and with the same result, i.e. britthmess 
of the metal. Fleitmann (Ber. 1879. 12, 454) 
first suggested the addition of a small atiount 
of magnesium to the molten metal, by which 
means the nickel oxide is reduced and perfectly 
sound castings obtaiiunl. Aluminium is sftid 
to act in a similar manner, and manganese is 
also stated to act as a purifier and to improve 
the quality of the metal. Nickel may be 
deposited as a metallic layer on tHier metals 
by electrolysing a solution of nickel, usually 
the double sulphate NiS 04 (NH 4 ) 2 S 04 , 6 H.^ 0 . 
The deposited nickel is hard find will take a 
brilliant polish. 

The nickel of commerce, with the exception 
of that manufactured by tht’ Mond process, is 
generally impure. It commonly contains only 
about 98-98i p.c. nickel, often as much as 1 p.c. 
cobalt, 0 * 3 - 0 *6 p.c. iron, a little copper, silicon 
and magnesium. Arsenic, sulphur and ni(^el 
oxide are aldb occasionally present, causmg 
brittleness in the metal and diminishuig or 
VoL. IV.-T. 


destroying its malleability and ductility. Even 
0*1 jj.c. of arsenic or sulphur is injurious. The 
presence of iron hardens nickel, 1 p.c. rendering 
the metal unsuitable for the Vest qualities of 
nickel silver. With 1 p.c. carbon, nickel is 
brittle, bbt with a higher jicrccntage it becomes 
tough. Although extreme purity is essential 
in some cases, the less pure nickel ^s equally 
suitable for many purposes, and is occasionally 
preferred on account of greater ease in alloying. 
Niekel is 0011111101 ^ 3 '^ sold in the form of cubes, 
in discs, known as ‘ rond(*llc,s,’ granules, and in 
‘ plaquettes ’ ; also thot of various standard 
.st/cs pie[)ared by lh<i Monel Nickel Compan}'. 
(For methods for rlotormining nickel, see 
Bratlky and Ibbobsoii’s Analysis of Steel 
Works Materials; also Sjiring, (Jhem. News, 
104, 58; Ibbot.son, ('hem.* News, 104, 224; 
iSclioeller and Powell, Analyst, 1917, 62, 189.) 

Usts of Nickclr — ^I’he repoit of the Royal 
Oiit.'irio Niekel Fomuiission (P117) states that 
no actual sfalislies are available, but gives the 
following approximate estimates of the relative 
quantifies of niekel u.serl annually for certain 
s])eeifie i»ur[>oscs : ('oinatje, not over 500 tons. 
hlniro-pldlnx/, imdallie mckcl and its salts, 
eipiivalent to about 500 tons of metallic nickel, 
is consumed in Fiiglaud. An Ld-silvcr and other 
allovs not containing non or that used for 
eoiiiage, between 500 and 3000 tons in England. 
tSfrd making jirobably 75 p c. of the whole 
nickel production (war time) and 60 ]).c. under 
normal conditions. In England about 2750 
tons, (A about 45 p.c. of th(^ whole English 
consumption, is normally used in steel. The 
Ini])erial institutv states that 4700 tons was 
used in the stia*! industry during 1914, and that 
it accounted for about 70 ]).c. of the total nickel 
list'd in England. The use of nickel for coins of 
low (ItMiormnatioii is increasing ; most countries 
use an alloy of 25 j> e, niekel and 75 p.c. copper, 
but the juire metal is also used : its hardness 
causes it to be of sjx'cial value for coinage on 
accounf of both its durability and difficulty of 
counterfeiting. It is ust'd to an increasing 
extent in the manufacture of laboratory ap- 
jiliances such as crucibV-'s and hnsins (wdiich 
may be used fur boiling with caustic alkalis or 
alkaline carbonates and for fusing minerals 
and salts with caustic alkalis or n^itrates of the 
alkalis), water-baths, spatulas, tongs, &c. For 
some larger scale e,hemical ojieiations, iron 
;^'^ 08 sels lined with nickel are employed. In the 
pure form, metallic nickel is manufactured into 
sheets which arc stamped into w'atch eases, 
cooking utensiLs, and similar articles. It is 
drawn into wire for use for sparking-plug^tand 
leadiiig-in wires. Nickel is largely used as a 
catalyst, notably in the hydrogeiiation of oil% 

AUoi/s , — Nickel is capable of alloying with 
all the common inetafs, and, in addition to its 
use in steel, it enters into the composition of a 
large variety* of non-ferrous alloys chiefly known 
m commerce as cupro- iLickd, nickel-silvtr, 
German^sHvery mrkel-hrnnze, &c. 

The principal characteristics of nickel steel 
(containing from 2 p.c. and upwards Nj, usually 
about 3^ p.c.) is its high elastic and tensile 
strength compared with mild steel, and foi this 
reason it is rapidly replacing ordinary structural 
steel ior many purposes such as bridge con- 
struction, &o. It h also used for special 
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locomotive and otigineering forgings, electric 
railway gears, crankshafts, for parts of motor- 
cars, aeroplanes, and it has also proved of special 
value for armcrur plate, heavy ordnance, and 
armour-piercing projectiles. (For the effect of 
nickel in steel, see 8ir R. Hadfield, l^roc. Inst. 
Civ, En^. 138, 1-125.) Invar is an alloy of 
iron containing 3G p.c. nickel, 0‘5 p.c. manganese, 
and 0-5 p.c. carhon. Tt has practically no co- 
efficient of expansion between —100° and -{-150° 
C., and for this reason is di special value for 
clock pendulums, surveying tapes, philosophical 
instruments, &c. It mefts at 1425°C. and can 
be forged, drawn and Avorked readily, and has 
a high resistance to corrosion. J*latinile and 
other high nickel steels are used for s]»eeial 
purposes such as electrical resistances, &c. 

The non-ferrmfs alloys have a wide ajijilica- 
tion for domestic and engineciing pui poses; 
the addition of nickel haitiens and toughens 
many of the common metals and alloys. With 
25 p.c. nickel, copper-nickel alloys are white : 
with less nickel they show a reddish tint. Monel 
metal is, as already stati'd, a natural alloy, 
produced by din'ct smelting of the ore. Jt 
contains about G7 p.c. nickel, 28 p.c. copper, and 
5 p.c. manganese and iron. It takes a brilliant i 
polish and is remarkable for its resistance to | 
corrosion and high tensile strength. Its melting- 
point is 13b0°('. and sp.gr. (cast) is 8*87. It is 
made in the form of sheets, rods, wire and 
castings, and is largely used for propeller blades, 
valves, castings for oil stills, tie rods, ore dressing 
screens, filter cloth, &o. {.vcc alfo Engineering, 
1018, 100, 451). Cnpro-mcJcfl contains 80 ji.e 
copper and 20 p.c. nickel. It melts at 1100°('. 
and is used for bullet jackets and other munitions 
t of war. The alloys of the nickd-silver (German- 
silver) group usually contain about 55-<)0 p.c. 
copper, 16-20 p.c. nickel, and 20-30 p.e. :dnc, 
but the lower grades contain as little as 7 ji.c. 
nickel (McWilliam and Rarelay, ,1. Inst. Metals, 
101 1, 6, 214), The alloys are not definite 
compounds, but consist of a homogenefms solid 
solution. They are white, ductile and tough 
and not readily corroded, and may be rolled, 
spun, stamped and Irawn. is the 

name of an old Chinese alloy of copper, zinc, and 
nickel ; other alloys having the same constituents, 
but widely varying in quantities, are known in 
coramereo under the names arqentanf Polosi 
silver^ electrum, and, in France, mnillechorl. 

A number of nickel -copper alloys are made 
for use as electrical resistances, e.g. conHanlan 
andewrefctt, containing GO p.e. copper and 40 p.c. 
nickel ; platinoid, stated to contain about 2 p.c. 
turtfe.Uen; and manganin, containing 84 p.c. 
copper, 4 p.c. nickel, and 12 p.c. manganese. 
Ni:^hrom,e resistance wire is an alloy of 60 p.c. 
chromium and 40 p.e. nickel. Constaiitan is 
used for thermo-clectrie/’couples, as is also an 
alloy of nickel 90 p.c. and chromium 10 p.c. 
For a full account of the nickel industry, in- 
cluding ore deposits of the world, see the Report 
of the Royal Ontario Nickel Commission, 
published in 1917 by the Ontario Government, 
Toronto. 

For an account of the growth of the nickel 
industry since 1910, see Mathewson, Jour. iSoc. 
Chem. Ind. 1918, 37, 63. 

O^lUtidal solutions of nickel can be pi^bpared 
by the reduction of solutions or suspensions of 


nickel salts in glycerol containing 'gelatin or 
gum arabic as a protective colloid (Kelber, Ber 
1917, 50, 1609). The reducing agents may be 
hydrazine hydrate, formaldehyde, 1 ydroxyl- 
amine or hypophosphorous acid. The colloidal 
solution is unaltered by air and is miscible with 
alcohol. 

Oxides of nickel. The chief oxides of nickel 
are the monoxide NiO and the sesquioxide NioOg. 

Nickel monoxide NiO occurs native as hun- 
senile, and may be prepared by strongly heating 
the hydroxide Ni(OH).^, carbonate NiCOg, or 
nitrate NifNOglj. It is a green crystalline 
powder, which turns yellow on heating. It is 
easily reduced to the metal when heated in 
hydrogen. The hydroxide (NiOH)^ is formed as 
an apple-green precipitate, when a nickel salt 
is treated with alkali hydroxide. 

I'ho salts of nickel are derived from the 
monoxide. They are in general yellow when 
anhydrous, emerald-green when hydrated or in 
solution. 

Nickel sesquioxide Ni^Og is a black powder 
obtained by gently heating the nitrate or car- 
bonate in air. It is decomposed by heat, and i8„ 
probably nickelou? nickelite NiO'NiOg. 

Nickel trihydroxide. Ni(OH)g is obtained as a 
black precipitate wlion a nickel salt is warmed 
with alkali hypochlorite or chlorine passed 
through the hydroxide Ni(OH)g suspended in 
water. According to Bellucci and Clavari, 
however, this precipitate is the hydrated dioxide 
NiOg-a-HgO (Gazz. chim. itab 1905. 14, ii. 234; 
Atti R Accad. Lincei, 1907, [v.] 16, i. 647). 

The peroxide NiOg is obtained m a hydrated 
form by the action of hydrogen peroxide on 
nickel salts (Pcllini and Meneghini, Zeitseh. 
anorg. Chem. 1908, 60, 178), and an oxide re- 
garded as NiO^ was obtained by Hollard (Compt. 
rend. 1903, 136, 229). 

According to Sabatier and lOspil ((Jompt. rend. 
1914, 168, 668) a suboxide Ni 40 (?) probably 
exists. According to Wohler and Balz (Zeitseh. • 
Klektrochem. 1921, 27, 406), this is a mixture 
of NiO and metal. 

I Nickel carbonyl Ni(CO)^. When carbon 
monoxide is passed over reduced nickel at 30°- 
' 80°, best at about 45°, combination occurs, 
anti a volatile carbonyl is formed (Mond, 
Ijanger ai\d Quincke, Chem. Soc. Trans. 1890, 
749). It is a colourless liquid, boiling at 43-2° 
and solidifying at —25° ; its sp.gr. is 1*3186 at 
17°. ^At 60° it has the normal vapour density. 
The carbonyl is soluble in organic media ; its 
viujour is very poisonous. For its reactions, 
see Dewar and Jones, ibid. 1904, 203 ; Proc. Roy. 
Soc. 1903, 71, 427 ; and v. Carbonyls, Vol. II. 

p. 86. 

Nickel arsenide NiAs occurs as kupfernickel 
(v. supra), «The phosphide. NigP is obtained in 
grey needles when nickel and phosphorus are 
heated in the electric furnace (Maronneau, 
Compt. rend. 1900, 130, 656 ; c/. Granger, ibid, 
1896,122,1484; 1896,123,176). 

Nickel nitride NigNg is obtained by dropping 
a mixture of nickeloi^.s oxide and cyanide 
between carbon electrodes in an atmosphere 
of nitrogen (Vournasos, Compt. rend. 1919, 168, 
889). 

^..Nickel boride NiB is prepared in the electric 
furnace, and forms brilliai^ prilmatic crystals 
of sp^gr. 7*39 (Moissan, Compt, rend. 1896, 
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122, 424). It is decomposed when fused with 
alkali. 

Nickel sihcide Ni^Si is prepared by heating 
an excess of nickel with silicon in the electric 
furnace until the greater part of the mefal has 
been volatilised ; and then dissolving away the 
remaining metal with dilute nitric acid. It is 
a ^steel-grey, metallic-looking powder of sp.gr. 
7*2, and is attacked by ar/na regia and by hydro- 
fluoric acid (Vigouroux, Compt. rend. 1895! 121, 
688). 

Nickel bromide NiBr, is produced when 
finely divided nickel is heated in bromine vapour 
or by the action in the cold of an ethereal solution 
of bromine on the metal. It sublimes in golden 
scales, 'file bromide is very hygroscopic, and 
forms a trihydrate NiBr..,8ri20. The aeeejited 
equivalent of nickel rests largely upijp the results 
obtained by Richards and t!iishmann (Zeitsch. 
anorg. Chem. 1898, 1(5, 167; 1899, 20, 852) in 
their analyses of anhydrous nickel bromide. 

N ickel enrhonnte NiCT)., is obtained by heating 
a solution of nickel chloridi' with caU'ium carbo- 
nate at 150'^ It forms pah'-green, miero.scopie 
,rhombohedra. A hexahydrate Ni( T>3,()Hj.() is 
produced by mixing nicki;! nitrate "solu- 
tion with sodium bicarbonate and saturating 
the cold solution with carbon dioxide. It 
readily loses water. 4'he pahi green prcmpitates 
obtained by adding alkali carbonate to a nickel 
salt are basic carbonates of varia ble composition. 

Nickel chloride NiCR is formed when finely 
divided nickel is warmed in chlorine. It can 
bo sublimed, and forms golden scales. It dis- 
solves in water with the evolution of heat, and a 
green hexahydrate NiCl^,6H;^() can be crystal- 
lised out from the solution. The anhydrous 
chloride readily absorbs ammonia, forming an 
almost white compound NiCl2,6NH3, which dis- 
solves easily in water. Nickel chloridi* is soluble 
in alcohol. 

Nickel cyanide Ni(CN)2 is obtained as an 
applo-green precipitate by adding potassium 
cyanide to a solution of a nickel salt. It is 
easily soluble in excess of potassium cyanide, and 
from the solution the salt K2NiCy4 can bo 
crystallised. This salt is readily decomposed 
by dilute acids ; a red potassium nickelocyanidc 
KjNiCy,, is also known. It can be oxidised*to 
the normal yellow nickelocyanido I^NiCy^ by 
atmospheric oxygen, water, or by hydrogen j 
peroxide (Bellucci, Gazz. 1919, 49, li. 70). | 

Nickel fluoride NiF.^ forms green prisms 
(Poulenc, Compt. rend. 1892, 114, 142(5); it is 
soluble in water and forms a trihydrate NiFjjSIL- 

N ickel iodide Nilg forms black scales ; the 
hexahydrate Nil2,6H20 is a bluish-green, very 
hygroscopic crystalline substance. 

Nickel nitrate Ni(N0^)2,6H20 is a green salt 
which ciystallises in monoclinic tablets, it 
dissolves in twice its weight of cold water and is 
also soluble in alcohol. Tri- and mono-hydrates 
are also known. * , 

Nickel nitrite Ni(N0.2)2 little importance 
Itself. It forms a double salt Ni(N()2)2*4KN02 
which is easily soluble dn water, and a triple 
nitrite 2KN02*Ca(N02)2’Ni{NQ2)2, which is a 
ellow crystalline substance only sparingly solu- 
le in water. Similar salts are known with barium 
and strontium^ and hence the alkaline ea«fch 
metals must be absent when nickel and cobalt 
are be separated by the cobaltinitrite mrthod. 


Nickel sulphate NiS04 is formed in solution 
when nickel, or the hydroxide or carbonate is 
dissolved in dilute sulphuric acid. At ordinary 
temperatures the salt crystallises as the green 
heptahyijfate NiS()4,7H2G, isomorphoiis with 
j magnesium sulphate. At 50''-70" the hexa- 
j hydrate NiiS04,(5H20 separates in rgonoclinio 
crystals, and a hydrate of the same composition 
separates at ordinary temperatures from acid 
solutions, but the crystals are tetragonal 
pyramids. • 

The hydrated sul|fliate lo.ses water at 100°, 
biiming the monohydrate NiS()4,H20, and at 
280° the yellow anhydrous sulphate is left. The 
latter absorbs ammonia, forming a pale violet 
powder of the composition NiSOpOHNj. The 
comjioimd NiSOpINH ,,2H„() crystallises in 
dark- blue tetragonal prisms ^roni concentrated 
solutions of the sulphate in ammonia. 

The solubility of nickel sulphate in water, 
expressed as parts of tlie anhydrous salt per 
hundred parts of water, is as follows : — 

Temp. 2" 1(5'' 23° 41° .'>0° 60° 70“ 

NiSO^ 89-4 37-4 4I'() 49T 52*0 57*2 61*9 

Nickel sulphate forms numerous double sul- 
phates with the siilpliates of other metals. Of 
th(‘se, the most important is nickel ammonium 
•mlphate NiSO^’lN H 4)2804,(51120, w hieh is largely 
used in the process of nicked plating and in other 
processes in which a salt of nickel is employed. 
It IS obtained by dissolving either nickel or 
nickel monoxide in sulphuric acid, and adding 
ammonium suljihate to the concentrated acid 
solution. It 18 purified by re crystallisation and 
forms short, monoclmic prisms. The solu- 
bility, expressed as jiarts of NiS04*(NH4)2S04 
per hundred parts of water, is as follows : — 
Temp. 3*6° 16° 20° 30° 40° 50° 08° 85“ 

«alt J*8 5*8 5*9 8-3 11*5 14*4 18*8 28*6 

I Nickel monosulphide NiS occurs in nature as 
i milleritc, somctimiNs in brass -jTllow rhombo- 
! hedra, hut usually in capillary crystals. It is 
obtained in a Idack, hydrated form when a 
nickel salt is precipitated by ammonium sul- 
phide. For its behaviour towards acids, c/. 
Thiel and Gessner, Z. anifrg. Ghem. 1914, 86, 1. 
hVir the subsulphido NigN, v. Mourlot, Gorapt, 
rend. 1897, 124, 768, and for the sesquisulphide, 
V. Dewar and Jones, Chem. Soc. Trans. 1904, 211. 

Detection and estimation. Nickel salts colour 
the borax bead red in the oxidising flame. The 
sulphide is black, and cannot be precipitated in 
the presence of mineral acids, but when once 
precipitated, it dissolves very slowly in dilute 
hytlroehloric 

Nickel may be estimated as the metal, a?^the 
monoxide, as nickel dimethyl glyoximate or as 
nickel dicyanodiamidino ; it may also be esti- 
mated volumetrically, {cf. Holluta, Monatsh, 
Chem. 1919, 40. 281 ! J. Soc. Chem. Ind. 1919, 
38, 964, A). For details of these methods, and 
for the separation of nickel from other metals, 
V. Analysis. W. G. W, 

NICKEL-SILVER v. Nickel. 

NICOTIDINE r. Bone oil. 

NICOTINE C'loHj.Ng, a liquid, volatile alka- 
loid, occurring in tobacco {Nicotiana Tahneum 
[Linn.]) as malate and citrate, together with 
several^ other alkaloids of comparatively little 
importance, e.g. nicotejne CioHijNj, b.p. 26^5, 
liquid; nicotimine CjoHi^Nj, Vp. 250°-265°, 
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liquid ; nicotelline “-P* 148°, pris- 

matic needles. Nicotine also occurs in Duboisia 
Hopivondii (F. Muoll ) (Rothera, Bio-Chem. J. 
1910, 5, 193), from which it was isolated under 
the name ‘ piturine ’ {see Petit, Pharnj. J. 1878- 
1870, [iii.] 9, 819). Tobacco contains, as a rule, 
from 1 tq 8 p.c. of nicotine, but by far the greater 
proportion of commercial tobacco contains not 
more than 4 p.c. (?). Tobacco). 

Preparation. Nicotine and tobacco extract 
are now largely used as insebticides, and a con- 
siderable industry has Hjirung up in the last few 
years in the manufaidun' of these jiroduc^s. 
For those piirjioses tobacco leaf midribs and 
waste tobacco are largely used, as ivell as the 
liquors obtained in the manufacture of chewing 
tobacco. The tobacco is extracted with W'ater 
usually in .some form of continuou.s extraction 
ajiparatuR, and this liquor, or that jiroduccd in 
making chewing tobacco, “is concentrated to 
form tobacco extract. From tlu' latter crude 
nicotine can bo obtained by adihng lime or soda 
solution and steam-distilling, the distillate biung 
extracted wdth other. 

Estimation. I'lie process generally employed 
for this pnrpo.se is that of Kissling (Zeitseh. 
anal. Ohem. 1882, 21, 04 ; 1883. 22, 199 ; Chem. 
Zeit. 1911, 35, 98, J’OO ; 1910, 40, 594), which 
has been modified in various ways The follow- 
ing form of this process is stated to give good 
results : 20 grms of powdered tobacco, dried at 
a tempernture not exceeding (10°, is ground iqi 
in a mortar woth 10 c.c. of 65 p.c. alcohol con- 
taining O'O grm. of sodium hydroxide and 
extracted with etiicr in a fSoxhlet apparatus 
until exhausted (usually in 3 liours). The 
solvent IS dtstilled off and the residue mixed 
with 50 c.c. of ()'4 ]).c. soda solution and stcam- 
distilled, and the distillate (which generally need 
not exceed 400 c.c.) titrated with N -sulphuric 
acid 111 presence of rosolic acid. h\)r extracts 
the same process may be used, alkali being 
added to the extract and the mixture steam - 
distilled. For a critical examination of this 
and other methods, see Rasmussen (Zeit. anal. 
Chem, 191(5, 56, 81-131). In addition to 
Kissler's method (abive) and that of Koenig 
(Chem. Zeit. 1911, 35, 521), Rasmussen favours 
the prccijutation as siliootungstate (Bertrand 
and Javillier, Bull. Soc. chim. 1909, [iv.] 5, 
241 ; Ann. Oliim. anal. 191 1,10, 251). Accord- 
ing to Sjiallino (Gazz. 191.3, 43, 11, 482) the 
siliootungstate should be ignited. A jiolari- 
rnotric method has been described by Tingle 
and Ferguson (Trans. Roy. 8oc, Canada, 1910, 
[hi.] 10, 27), and the estimatipn of nicotine in I 
thfi^'presence of pyridine bases by Surre (Ann. 
Falsif. 1911, 4, 331). For titration methyl red 

a good indicator (Schick and Hatos, Zeit. 
Nahr. Gonussm. 1914, 2[1, 209). 

Properties. Pungent, colourless, hygroscopic 
liquid, b.p. 247°, which becomes brown and 
resinous in air owing to oxidation (c/. Ciamician 
and Silber, Ber. 1915, 48, 181). Distils un- 
changed in a current of hydrogen or steam, 
but suffers oxidation when distilled in air, 
d 5®-= 1-00925 (Jepheott, Chem. Soc. Trans. 
1919, 104). The density increases to 1-04 on 
addition of water up to 33 p.c. (c/. Hudson, 
Zeitseh. physikal Chem. 1904,47, 113).^ Lsbvo- 
rdtatory [a]p®= — 168-2^, salts dextrorotatory. 


The aqueous solution is stiongly alkaline and 
precipitates solutions of many metallic salts. 
The salts crystallise with difficulty, but the 
picrate B, 2 Cb"H 2 (N 0 .^) 30 H forms glancing yellow 
prisms, m.p. 218°, and is characteristic. Nico- 
tine and its salts are precipitated even ip dilute 
i solutions by alkaloidal reagents. Nicotine 
1 treated with a drop of formaldehyde solution 
I and then wdth a drop of nitric acid gives a rose- 
red colouration. 

j Eaactions and constitution. Nicotine reacts 
, with methyl iodide as a ditertiary base, and on 
oxidation furnishes )3-pyridine derivatives, so 
that it must contain a pyridine nucleus, with a 
side chain or a second ring attached in the 
position. Pinner first suggested that this 
residual portion of the molecule consisted of a 
N-mothylpyriolidme ring (Ber. 1892, 25, 2819 ; 
1893, 2(5, 292, 799), and this has received support 
from the .synthesis of nicotine by Pictet and 
collaborators {ihid. 189.5, 28, 1911; 1898, 31, 
2918; 1900,33,2.3.55; 1904,37,1225) 


"' \ I ' 

CIV CH, 

ml iJcH 

NMe 

Nicotine (Pinnor). 

G. B. 

NICOTINIC ACID r. Bonic oil. 

NIETZKI’S RULE v. Colour and chemical 

CON.STITUTION. 

NIGELLA SEEDS or BLACK CUMMIN. 

Till* seeds of N Kplla sativa (Jnnn.), a ranuncu- 
laecous ])lant growing on the Mediterranean 
coasts, and m Egyjit, Trans-(Jancasia, and 
India, were found by Reinsch, iii 1841, to yield 
35-8 i).e. of fat oil, O'S ]).e. of volatile oil, and 
only 0*9 p.c, of ash. He gave the name of 
niqelUn to a bitter extract resembling turpen- 
tim;, yet soluble m water as w^ell as in alcohol, 
though not 111 ether. 

By submitting 25 lbs. of fresh seed to dis- 
tillation, FluckigiT obtained a nearly colour- 
less essential oil, but in smaller quantity than 
Reinsch. It has a slight odour, somewhat 
reftemhlmg that of paisley oil, with a magnificent 
bluish flivoreseonee, as already remarked by 
Reinsch. In a column 50 mm. long this oil 
doviftes the ray of jiolarised light 9-8° to the 
left. Its s)).gr. is 0-8909. The chief part of it, 
when heated with calcium chloride in a current 
c^f dry carbonic acid, distils at 259°. Its 
composition corresponds with the formula 
2^10^18, HoO. The residual portion, which is 
almost entirely devoid of rotatory x^ower, after 
having been rectified by means of sodium, con- 
sists of ter^benes CjoHj,. The fat oil, extracted 
by means of boiling ether from seed grown in 
Germany, xirevj.ouBly finely iiowdered (necessarily 
including some essential oil which imparted to 
the ether its fluorescence), is a fluid fat wffiich 
does not congeal at 16° : it consists chiefly of 
olein, together with a Considerable amount of a 
solid fatty acid, probably a mixture of palmitic 
and myristic acids. 

It is stated in the Pharmacopoeia of India that 
ntgella seeds are carminative, < and they were 
formerly so regarded in Europe. In the East, 
generally, they are used as ^ condiment to food, 
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and in Greece, Turkey, and Egypt they are 
frequently strewed over the surface of bread 
and cakes in the same manner as anise or 
sesame. The fixed oil of the seeds is also ex- 
pressed for use. 

NIGER SEED OIL is obtained from the 
achenes of Guizotia ahystamca (Lmn.), Cass. 
{Guizotia oleifera, D.C.), a plant indigenous to 
Abyssinia, and largely cultivated not only in 
East Africa, but also in the East and West 
Indies. The acheties contain from 40 to 45 p.c. 
of oil. For the chemical and physical characters 
of this oil, see tables. Oils, Fixed, and Fats. 

Nig('r seed is crushcil in Hull and Marsiulles, 
and of late years the oil has been used to an 
increased extent as a substitufi; for linseed oil 
in soap-making, &c. It yh'lds only a trace of 
a bromide insoluble in ethci, so that its presence 
in linseed oil reduces the pnqiortioii^of insoluble 
bromide given by the latter. ,1. !>. 

NIGHT BLUE. A colouring matter obtained 
by the action of _^>-tolyl - a - na])hthylamine on 
tetramethyl-diamino-benzn^iheiione. Re.seiiibles 
\’'ictoria blue, F. Tuicuen vumethanm colodb- 

ING MATTERS. 

NIGRISIN IS the conitnercial name for a 
basic grey dyestuff formed when aqueous or 
alcohoiie solutions of nitio.so<limeth via mime 
hydroohlorido ari' boiled it lorm.s a black 
powder soluble in water to a reddish-grey solu- 
tion which 18 elianged to blue-giey on addition 
of acid. 1 litre ol water at KM)" dissolves 80 grams 
of nigrisin. In suljihuiic acid it lornis a pure 
grey solution, wdneli, on addition of w'uter, 
turns to red- then bhu'-grey. It is oxidised by 
nitric acid and reduced by stannous chloride and 
hydrochloric acid, and by /inc-dust and acid. 
Potassium dichromatc produces a brown preeiju- 
tato soluble in acetic or tartaric acid with a gr(‘-y- 
blue, in hydi’oehloru; acid with a red-blue colour. 
Nigrisin is distinguished by its purity of .shade, 
M rong colouring power, fastness, and the variety 
of compound shades which it is capable of 
yielding w^heii mixi'd with other dyestufls (Bau- 
mann, Bull. ISoc. Ind. Mulhouse, 181)0, 05). 

Nigrisin dots not roiiuire a mordant for 
dyeing bloaohed cotton, and full shades are 
obtained with 1-3 p.c. of the dye. (lottyn 
mordanted with antimony tannate also takes 
the dye well ; in this case the material is padded 
in a solution continuing 2-10 grams of the dye 
per litre. It is then dried and steamed, or 
before drying it may be passe.d through Oio p.c. 
solution of ])ota.s.sium dichrumate at 00'', w’heii an 
insoluble chromate of the colour-ba.se is formed. 

Nigrisin is formed and simultaneously fined 
upon the fibre when cotton is printed with the 
following mixture and then steamed for about 
3 minutes ; 100 grams of iiitrosodimethylaniline 
hydrochloride, 1 litre of warm w%ter, 1| htre 
of starch paste thickemng, gum tragacanth 
paste (6 : 100). In the prc.scnce of an organic 
acid a grey (similar to that fojraed by nignsin 
on unmordanted cotton) is produced. If the 
organic acid is replaced by tannin, and after 
steaming it is fixed jvith tartar emetic and 
washed, a deep rich-grey is obtained. By vary- 
ing the conditions of dyeing and by the intro- 
duction of reducing agents, white and colour 
discharge effects upon a grey ground are 
obtained (Fed^rmann, Bull. Soc. Ind. Mulhouse, 
1909, 79, 261). The grey colour mixtui;g8 can 


also be made to give blacks (Brandt, J. Soo. 
Chenj. Ind. 1900, 1106), 

NIGROSINES V. Indulines. 

NIGROTIC ACID v. NArHiiiigLENB. 

NILE BLUES v. Oxazine colottbinq MArrERS. 

NIOBITE V. CoLUMBITE; also COLUMBIUM. 

NIOBIUM V. COLUMBIUM. 

NIRVANINE is the diethylglycoctill com- 
pound of 5-amino-2-hydroxybeiizoj(: methyl 
ester. It forms a hydrochloride of neutral 
reaction which produces complete anaisthesia 
of a longer duration than that caused by cocaine 
(Einhorn and Heinz, l*iiarm, J. 1889, 02, 95), v 

SYNTHETIC’ DBOOS, 

NIRVANOL. yy-PheiiylothyJhydantojn 
Ph^ /Nil CO 

Et"^ XX) -in 

obtained by the action of potas-sium cyanate on 
the hydrochloride of ethyl-a-ammo-a-phenyl- 
butyrate, Moluhlc in 1050 jiarts of cold and in 
1 10 parts of hot water, in 20 parts of spirit. Has 
a hypnotic action of about the same intensity 
as ‘luminal’ (jiUcny^ethylbarlutunc acid), but is 
less toxic. Its hypnotic action is greater than 
that of veronal (diethylharbitunc acid) 

NITON. ►Sym. Nt. At.wt. and raol.wt. 
222 •4. The name given by Gray and Ramsay 
(Proc. Roy. kijoc. 1011, A, 84, 530) to the gaseous 
emanation of ladiuni discovered by Horn 
(Naturforseh. Ges. fur Halle a S. 1900). Niton, 
which has only been obtained in minute cpian- 
iilies, 13 prepared by heating a eompound of 
ladium or by dissolving it in water and pumping 
off the gases slowdy produced. Oxygen, hydro- 
gen, carbon dioxide, and nitrogen are succes- 
sively removed by means of heated copper, 
copper oxide, phosphoric pontoxidc, fused 
potassium liydi-oxide and heated lithium respec- 
tively, the niton left is then liquefied at — 160® to 
— 170", and the helium present, together with a 
little niton, is pumped off (Hebierne, Compt. 
rend. 1#09, 148, 1204; Ann. Physique, 1915, 
fix.] 3, 18; Rutherford, Phil. Mag. 1908, 10, 300). 

From a comjiarison of the y-ray activity 
of the ])ure product wi^h that of radium m 
radioactive equilibrium, it is found that the 
volume of emanation in equilibrium with 1 gram 
of radium is equal to 0'606 cubic mm. (Debieme). 

Niton 18 a member of the family of inert 
gases. Its density, measured by moans of a 
yiicrobalancc sensitive to 2xl0~® mgm. with 
about mgm. of material, gave a value of 
223 for the molecular weight (Gray and 
Ramsay, l.c. ; Compt. rend. 1910, 161, 126), 
but the value 222'4 is preferred for theor^ical 
reasons. Tlie direct density raoasuremenrs are 
confirmed by the effusion experiments of 
Hebierne (Compt. rend. 1910, 150, 1740), Shd 
the diffusion expcrimsnts of Perkins (Amer. J. 
Sci. 1908, [iv.] 25, 461), which gave the values 
220 ami 236 resjiectively for the molecular 
weight (for other determinations, v. Rutherford 
and Brooks, Trans. Roy. Soc. Canada, 1901 ; 
Curie and Danne, Compt. rend. 1903, 137, 1314 ; 
Buraatead and Wheeler, Araer, J. Sci. 1904, [iv.] 
17, 97 ; Makower, Phil. Mag. 1906, fvi.] 9, 66 ; 
Chaumont, Le Radium, 1909, 6. 106 ; Debieme, 
Ann. Physique, 1916, [ix.] 3, 62). Niton there- 
fore cgicupies the position in group 0 of the 
Periodic Scheme in«)the same series as, and 
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immediately preceding, radium (c/. Gray and 
Kamsay, Chem. Roc. Trans. 1909, 95, i/)73; 
Rankine, Phil Mag. 191], [vi.] 21, 45). 

Niton undergoes a rapid diminution in 
volume to one-Valf the original amount when it 
is isolated. The gas, both before and after this 
change, obeys Boyle’s Law. Niton is condensed 
to a solid at the temperature of liquid air. Both 
liquid and solid niton are phosphorescent. The 
critical temperature is 104‘,'>'^, the critu'.'d 
pressure 62’5 atmos., and tjie boiling-point is 
—62° (Rutherford and Roddy, PWl. Mag. 
1903, [iv.] 6, 561 ; Hutlierford, ibid. 1909, [vi.] 
17, 723 ; Gray and Ramsay, Ghem. Soc. Tiails. 
1909, 96, 1073; Laborde, Comjit. rend. 1909, 
148, 1691). Niton possesse.s a definite spectrum 
(Ramsay and Collie, Proe. Roy. Roc. 1904, 73, 
470 ; 1908, 81, A,. 210 ; Rutherford and Royds, 
Phil. Mag. 1908, [vi.l 16, 313 ; Royds, iUd. 1909, 
[vi.] 17, 202; Proe. Roy. Roe. 1908, [vi.] 82, 22; 
Watson, ibid. 1909, A, 83, 60; Debieme, l.c.) 

In the presence of niton, slow decomposition 
of water, ammonia, hydrogen chloride, and the 
oxides of carbon occurs (Ramsay, Chem. Roe. 
Trans. 1907, 91, 931 ; Cameron and Ramsay, 
ibid. 1907, 91, 1693; 1908, 93, 96(5, 992; Per- 
man, ibid. 1908, 93, 1776 ; Usher, 'ibid. 1910, 97, 
389 ; Rutherford and Royds, Phil. Mag. 1908, 
[vi.] 16, 812 ; (hmc and Cieditsch, (’omjit. rend. 
1908, 147, 346). On the other hand, it is 
capable of jiroducing chemical combination, as, 
for example, the union of electrolytic oxygen and 
hydrogen. For the colouring and thermo- 
luminescouce of glass pioducod by radium 
emanation, sac Lind, J. Phys, (diem. 1920, 24, 
437. Niton spontaneouslv decomjHises, j)ro- 
ducing helium and other su\>st,anecs. For radio- 
active properties of niton, v. RADiOACTivrrY. 

For the di8integratif)n constant and decay 
of radium emanation (0-1819 day~^==2'10() X 10“ ® 
sec”^), Bothe andLechner (Zeitsch. physilal. 
(/hem. 1921, 5, 336). 'J'hcsc values are above! 
1 p.c. greater than the (hirie-Rutherford values | 

Its amount in the atmosphere would appear j 
to vary with meteorological conditions, the mean 
emanation content being about 131X10“^®! 
curie per c.c. (Oluiac, Jabr. Radioaktiv. 
Elektronik. 1918, 15, ln8). Higher values have 
been found by Zlatarovic ((diem. Zentr. 1920, 
iii. 334), in the air at Innsbruck, viz. 433 X 10~^® 
curie per c.c. (extreme values 1110 and 40). j 
Dependence on meteorological factors could only 
be so far recognised m that rainy periods corre-, 
Bpond with lower emanation values. 

Ramsay has described an apparatus for 
‘ drawing off ’ niton, for use as a thorapeutio 
agent, from a radium salt (Lancet, 1914, 186, 
1481)! 

NITRAL. Trade name for purified moist 
nrfrous oxide used as a bactericide undei pressure 
(Bart, Arch. Hyg. 1922, 91, 1). 

NITRATINE, Soda -nitre, or Chile salt- 
petre (Span. Salilre sodico). Sodium nitrate 
(NaNOs), crystallised in the rhomliohedral 
system) is by far the most abundant of the 
few naturally-occurring mineral nitrates. It is, 
however, found only as granular masses and 
encrustations, although well-formed crystals are 
readily obtained artificially. These nave the 
form of simple rhombohedra, which in many of 
their physical characters present a striking 
resemblance to crystals of» calcite. The angles 


between the faces and also laetween the perfect 
rhombohedral cleavages, are 73° 30' (in calcite 
74° 66').'^ The strength of the double’ refraction 
is even higher than for calcite, the values of 
the refractive indices for sodium-light being 
01=1*6374, c = l*3361, oi-c =0*2013 (the corre- 
sponding values for calcite being ai= 1*6685, 
c=|-4862, oi— e=0‘l723). On this account 
attempts have been made to utilise sodium 
nitrate for the construction of polarising (nicol) 
jirisms to replace the increasingly rare and 
expensive Icelaiid-spar, but it is impossible to 
obtain large crystals sufficiently clear and free 
from enclosures of the mother-liquid. Rp.gr. 2*27. 

[ In the provinces of Tarapaca and Antofagasta, 

I in northern Chile, the nitrate deposits occur along 
! a narrow belt of country wliere the A. estwardly 
! sloping jmmpas abut against the coast range at 
j an altitude' of about 3000 feet. This district 
extends from the town of Tarapaca in the north 
to that of 3’altal in the south — a distance of 
nearly 400 miles — and embraces an area of 
over 8000 square miles. 1'he salt bed has a 
thickness of 1 to 6 feet and is overlain by 2 to 
20 feet of gyiisiini, clay, sand, and gravel The 
crude salt, called ‘ caliche,’ is granular in texture 
and more or less cavernous ; its colour is white, 
violet, bright yellow, or blown. It consists of 
from 20 to (50 p.c. of sodium nitrate, together 
with much sodium chloride and sulphate, and 
smaller ainoiintH oi soluble calciuin and mag- 
nesium salts, polassium jierchlorate, iodides, 
iodates, borates, &c. In the jiurification of the 
salts by rc-crystallisation, iodine is a valuable 
by-])rodiiet. Chile saltpetre is largely used as a 
fertiliser, aiul for the prejiaration of potassium 
nitrate and nitric acid, used for the manufacture 
of explosives &c The quantity annually ex- 
ported is about two million tons, valued at about 
£9 per ton. 

Extensive deposits of niiratme in association 
with borates are also re])orted to occur in 
southern California, extending over a region from 
the Mohave Deseit in Ran Bernardino Co. to 
Death Valley in Inyo Co. Tlie beds are said 
-to be 3-10 feet in thiekiicss, and to contain 
16-40 p.c. of sodium nitrate. The so-called 
‘ tafle,’ found in the neighbourhood of Maalla 
and Esneh, on the Nile in Upper Egypt, is a clay 
or shale Ci'ctaceous age, impregnated with 
1.3-18 p.c. of sodium nitrate and about the same 
amoiiut of sodium chloride. It has beep used, 
proba'oly since early times, as a fertilising agent. 

1 Rimilar deposits are also found near Ralah in the 
Rahara. 

I ' References. — G. P. Merrill, The Non-Metallie 

Minerals, 2nd ed. New York, 1910 ; B. Hammer 
I and 0. 1’letze, Die Nutzbaren Mineralien, Stutt- 
I gart, 1913, i. 363-^384 ; Estadistica Minera de 
I (ffile en ]9(i6 i 1907, Rantiago de Cliile, 1909, 
vol ill. ; H. R. Gale, Nitrate Deposits, Bull. U. S. 
(ieol. Rurvey, 1912, No. 623. For references to 
the literature, t. F. W. Clarke, Data of Geo- 
chemistry (Bull U. S. Geol Survey, No. 616), 
I 1916, V . Rodium. L. j. S 

^ The term ‘ cubic nitre ’ Is ( hus inaccurate and 
I misleading. A rhombohedron of this angle is readily 
! diKtingulshable from a cuboidal form ; and further, the 
; dimorphous potassium nitrate exists as a rhombohedral 
modification in addition to the more stable orthorhombic 
moiillration of prismatic habit. The corresponding 
I orthorhombic modification Is not known In sodium 
nitrate, 
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NITRATED OILS v. Oils, Fixed, and Fam 
NITRATION. The operation of introducing 
a nitro group, NO^, into a nucleus. 

NITRE or SALTPETRE. Naturally-occur- 
ring potassium nitrate, KNO3, crystallised in the 
orthorhombic system; sp.gr. 2*11. The loss 
stable rhorabohedral modification (sp.gr. 2*27), 
isomorphous with nitratine, is not known as a 
mineral. Those two modificatums of potassium 
nitrate show remarkably close crystallographic 
relations to the dimorphous forms of calcium 
carbonate — calcite and aragonite. Asa mineral, 
nitre shows no very distinctive characters, and 
it is never found as w(il-formed crystals. Al- 
though of wide distribution, it occurs somewhat 
sparingly as an efflorescence, consisting of deli- 
cate hairs aggregated in silky tufts. It is 
always of recent formation, and results from 
the bacterial decay of nitrogAous organic 
matter of vegetable, or more ofti^n animal, 
origin. The efflorescences are often found on 
rook surfaces (hence the name saltpetre,^ from 
the Latin sal, salt, and pdra, rock), usually in 
oaves and undci ledges where protected from 
the weather. Although .'jomctimes found associ- 
ated with rocks rich in potassium (c.i/. in the 
leu cite rocks of the J.eucite J fills in Wyoming), 
the reverse is more, often the case. In fact, it is 
more usually found in limestone caves, c.f/. in 
the Mammoth Cave in Kentucky. In diy 
climates it exudes from the soil ; and in India 
it IS systematically collected by the natives, 
mainly around the villages in the Behar district in 
Bengal. Here it is formed indirectly by human 
agencies ; urine mainly sup])li(‘8 the nitrogen, 
and wood-asho5 from domestic fires the po- 
tassium. About 20,000 tons of partially refined 
nitre are exported annually from India. 

JReJerences. — H. S. Gale, Nitiate Dejiosits, 
Bull. IJ. y. Geol. Survey, 1012, No. 523 ; Nitrates 
(1013-1919), Imp. Min. Ri's. Bur London, 1920 
V. Potassium. L. J. S 

NITRE, CUBIC, V. Sodium and Nitkatine. 
NITRENES. Goinpoiinds of the type 
R^C ; N ; CR.^ 

1 comparable with the allenes 

R 

R.^C : C : CRj (c/. Standi nger and MiescUer, 
Helv. Chim. Acta, 1919, 2, 554). , 

NITRIC ACID, MANUFACTURE OF. See 
art. Nitbogen. 

NITRIFICATION v. Soils. 

NITRILES. Prussic acid, being tautomeric 
in character, gives rise to two classes of esters, 
the normal cyanides or ilriles and the iiiocya7iides, 
Uonitriles or carhylam 1 n es. • 

The nitriles all contain the — C"N gnjuji, 
and they can bo regarded either as hydrocarbons 
with one hydrogen atom replaced by the CN 
group, or as acids in which the COi)H group has 
been converted into the ON group ; e.g. OH3ON is 
known either as methyl cyanide or as acetomtrile. 
The nitriles were discovered iif 1834 by Pelouzc, 
who obtained propionitrile by distilling barium 
ethyl sulphate with potassium cyanide. 

Methods of preparation.— (a) Aliphatic 

mtriUs.^^ heating alkyl halides (preferably 
iodide) with potassium cyanide in alcoholic 
solution at 100®. • 

1 The name nitre is derived from the ancient virftov, 
soda (V. Nateon). • 


( 2 ) By distilling the salts of alkyl -sulphuric 
aoi^s with potassium cyanide. (In each of these 
methods a little wocyanide is also produced.) 

(3) By heating alkyl tsocyanides to 260®. 

(4) By treating cyanogen chloride with zinc 
alkyl. (Cn the above four methods the carbon 
chain is lengthened.) 

(5) By the dry distillation of the acid amide 
or of the ammonium salt of the acids with phos- 
phorus pentoxide or other dehydrating agent. 

(fi) By passing the acids together with a 
stream of ammonia through a red-hot tube. 

(7) By convertiiig the aldehydes into 
Jlldoximos, which are then dehydrated by 
acetic anhydridt*. 

(8) By treating primary amines containing 
more than five carbon atoms with potassium 
hydroxide and bromine. , 

(b) Aromatic nitnlcs. By methods 3, 5, 
and 7. • 

(4) By diazotising a primary aromatic amine 
and deconijiosing the diazo- chloride thus formed 
with cuprous cyanide or with potassium cyanide 
and copper sulphate. 

(5) By the action of potassium hydroxide 
and bromin<‘ on the primary arylalkylaraines. 

(()) By distilling the ae-ids with potassium 
or lead thiocyanate. According to Reid (Amer. 
Chem. Journ. 1910, 43, 1«2) this method servos 
w(41 for the preparation of ahjihalie nitriles if 
the lead thiocyanate be mixed with the lead or 
zinc .salt of the fatty acid, or if instead of lead 
thioeyanate, a mixture of lead ferrocyanide and 
sul])hur be used. 

(7) By replacing the hydrogen atoms of the 
hydrocarbons directly with - l-N by passing 
cyanogen into the boiling hydrocarbon mixed 
with aluminium chloride. 

(8) By desulphurising the mustard oils wdtli## 
metallic copper. 

(9) By heating the diarylthioiiroas with zinc- 
dust. 

(10) By distilling the formanilides with 
atrong^hvdrochlorie acid or with zinc-dust. 

(11) By distilling the alkali benzene sulpho- 
nates wdth potassium cyanide or with potassium 
ferrocyanide. 

Rroperties {aliphatic and aromatic), — The 
nitriles are colourless volatile oils of weakly 
basic character which have an ethweal odour, are 
not very soluble in water, and distil unchanged. 
They possess toxic properties. They are easily 
hydrolised by acids or alkalis into ammonia and 
the corresponding acid, the temperature required 
to effect this change being higher in the aromatic 
than in the aliphatic series. If an alcoholic 
solution of hydrochloric or sulphuric acid used 
to cairy out the hydrolysis, the ester is produced. 

In this case the triple 'link between carbon and , 
nitrogen is completely destroyed, but there are 
many instances in \Wiich the nitriles behave as 
unsaturated compoumls, the reactions being 
additive. Thus nitriles, when heated with 
water at 180®, or when treated with alkaline 
hydrogen peroxide at 40®, combine with a mole- 
ciile of water to form acid amides Similarly with 
acids they form diacylamincs ; with acid anhy- 
dndes, triacylamines ; with sulphuretted hydro- 
gen, thioamides; with hydroxylamine, ami- 
doximes ; with nascent hydrogen, amines 
(Mendius Reaction); with hydrochloric acid, 
imino-chlorides or in^no-ethers, depending on the 
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use of aqueous or alcoholic solutions. The 
Qrignard reagent forms additive compou^ids 
with nitriles, and from these, by the action of 
dilute acids, ketones may be obtained (Blaise, 
Corap. rend, iqof, 133, 1217) 


which should result from methyl nitrolic acid is 
converted into fulminic acid 


HC 




■^NO, 


C:NOH 


HC=-N 

\/ 

R’CN+R'MgX=S,>C ; NMgX 1 ^ 

f Benzonitrlle, i Viewy/ cyawii/e, CgHj CN occurs 

ill coal tar oil (Kramer and Spilkcr, Ber. 1890, 
,, I 23, 83). It may be ])repared by the prolonged 

== ;,>CO-|e^H.H-Mg(OH)X ! heating of ])lienyl i-socyamde at 20()"-220° 
, , , ^ , 1 i (Weith, Ber. 1873, (), 213) ; by the diy distilla- 

In common with other un.s^iturated compounds, | ammonium benzoate (Fehling, Annaleii. 


: NMgX+2H,0 


the nitriles form polymerisation products. By 
treatment with sodium (or sod amide) in ethm', 
bimolecular inditTerent substances are produced : 
thus acetonitrile yields the immo-nitrile of 
CUa'C-Nir 

acetoacetie acid | . On treatment 

CH,CN. 

with sodium in the absence of any solvent, 
triraoleeular compounds are prodiio(‘d; in the 
case of the aliphatic series these are strongly 
basic substances, aramo-jiyrimidmes, propio- 
nitrile yielding amino-raethyl-diethyl-pyrimidine 

C,Hb 

G 

II 1 

11 .NG GGoH. 


49, 91); or by distilling the aipieous solution 
with baryta (Laurent and Gerharilt, J. 
1849, 327 ; Wohler, Annalen, 192, 31)2), lime 
(Anschutz and Schultz, ihnl. 19(), 48), pliosphorus 
pc'utoxide (Ihickton and Hulinann, ib%d, 100, 
115), 2 ‘hosphbrus peiitachlonde (Henke, %hid. 
10(), 270), or phosphorus pentasulphuh; (llenry^ 
Ber. 1809, 2, 307); by distilling benzaldoxmie 
with acetic anhydiide (Lach, ilnd. 1884, 17, 
471); by diazotismg aniline, and decomposing 
the diazoberizenc chloride thus formed with 
potas.sium cyanide and coppiu’ sulphate (Sand- 
meyer, ibid. 2503) ; by ihstillmg benzoic acid 
With potassium thiocyanate (Letts, ibid, 1872, 
5, 073) ; by jiassing cyanogen into boiling ben- 
zene m the presence of .alummium chloride 
(Desgrez, Bull. Noe. chim. [in.] 13, 735) ; by 
heating benzene and cyanogen chloride or 
bromide in the jiri'sence ot alummium chloride 
(Friedel and Grafts, Ann. Glum. Thys jvi.J 1, 
528 ; Merz and Weith, Bei. 1877, 10, 750) ; by 
the interaction ot })ota.ssium fulminate and 


(w.PYRMIDlNES),whde the aromatic nitriles yield ^ penzene m the presence of aluminium chloride 
cyanurio compounds containing the tricyanogen ; (Scholl, Ber. 1899, 32, 3490) ; by treating 
ring. From dicarboxylic acids two mtnles j benzoate with cyanogen bromide 

can bo produced, the lialt-nitrde or lutrilic acid ; (Oahours, Annalen, 108, 319) \ by desulphurising 
the dmitnle, t,(j. oxalic acid yields the I ,^,1 vvith metallic copper (Weith. 


and 

dmitnle, oxalomtrile, which is dicyanogen, and 
the half-nitrile, oxalonitrilic acid, which is 
cyanoformic acid, and is known only m the 
form of esters, yimilarly phthalic acid, yields 
the dinitrile, phthalomtrile and the half-mtrile 


Ber. 1873, 0, 213) ; by distilling fornianilide 
m a stream of hydrogen over heated zme 
(Gasiorowski and Meiz, ibid. 1885, 18, 1002) ; 
by heating potassium benzene suljihonate 
(Merz, Zeitsch. (Jhem. 1808, 33), or triphenyl- 


o-cyanobenzoic acid, which on h('atmg changes 1 pPosphate (Scrughan, Annalen, 92, 318 ; Heim, 
into phthahmide {v. Bhthalio acid). For ; 177 j) ^ith potassium cyanide; 

individual aliphatic monies, v. arts. Methyl, i py Penzamide, potassium cyanato or 

Ethyl, &c., and acids from which they are ; thio()yanate with benzoyl chloride (Limpneht, 
derived. A sev/ies of compounds known as nitiile , 117 - yehili, ibid. 101, 33); by 

oxides, and formulated as K*C=N has been | chloro- or bromobenzene with potassium 

ferroeyanide at 400'" (Merz and Weith, Bor. 

, . j 1875, 8, 918; 1877, 10,749); by heating iodo- 

obtained (Scholl, Ber. 1901, 34, 805 ; Wicland | Pcu^pue and silver cyanide at 300° (Merz and 
and Semper, Annalen, 1907, 358, 3()), and m tlie ! yehclnberger, Ber. 1875, 8, 1030) ; by treating a 
trimolecular form are produced by the Hpmi- ! and cyanogen chloride 

taneous decomposition in solution of the alkali | ^tPcreal solution with sodium (Klason, J. pr. 

Ohem. 1 11. j 35, 83) ; by the interaction of ethylene 
dicyamde and benzoic acid (Matthews, J. Amer. 


salts ffi. mtrolie acids 

3R-C( : N0H)-N02=:3HX0,+ 


rR*C-Ni 

L o J, 


Benzoiiitrile oxide is readily obtained by the 
elimination of hydrochloric acid from benz- 
hydroxiraic chloride G^IIgGl : N0H)*G1. 

As a class the nitrile oxides readily poly- 
merise to furoxans, thus benzonitrile oxide is 
transformed into diphenyl furoxan 

2CoH,C=N C.Hg-G C-G.Hj 

\/ II i>0 

0 N— 0— N 

whilst on the other hand the formonitrile oxide 


Ghem. Soc. H(198, 20, 050) ; by heating hippuric 
acid either alone or better w/th anhydrous zinc 
chloride at 240° (Limpricht and Uslar, Annalen, 
88, 133 ; Gossmaxin, ibid. 100, 74) ; by passing 
diraethylamhne through a heated tube (Nietzki, 
Ber. 1877, 10, 474) ; and by the interaction of 
magnesium nitride and benzoic anhydride 
(Emmerhng, ibid. 1890, 29, 1635). 

Benzonitrile is a colourless oil, having an 
odour resembling that of bonzaldehyde, b.p. 
190-7° (oorr.), sp.gr. 1-0101 at (Perkin, 

Ciiem. Soc. Trans. 1896, 1244 ; K5pp, Annalen, 
98, 37.3), m.p. -12-9° (Schneider, Zeitsch. 
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physikal. Chom. 19, 167) ; soluble in alcohol 
and ether, and in 100 parts of boikng water. 
On boiling benzonitrile with potassium hydroxide 
it is hydrolysed to benzoic acid and ammonia, 
while by digesting it for many hours with dilute 
potassium hydroxide at 40'’, benzainide is pro- 
duced (Rabaut, Bull. Soc. chim. [iii.] 21, 1076). 
Benzylamine is formed by reduction with alco- 
holic hydroeliloric acid and zinc (Mendius, 
• Annalcn, 121, 144). According to Sabatier and 
Senderons ((^irnpt. rend. 1905, 140, 482), 


carbon tetrachloride, hexachlorethane, bromo- 
forjn, iodoform, or chloral on phenyl hydrazine 
in the cold (Brunner and Vuilleumier, Chem. 
Zentr. 1908, ii. 688). 

Phenyl twcyanide, when freshly prepared, is 
a green liquid ; after a few minutes it changes to 
a pale blue, then to a dark blue liquid, and 
finally, after some months to a brtmn resin, 
b.p. 106° (with decom])083tion}, sp.gr. 0‘9776 at 
15"/ 1 6°. By passing dry hydrogen chloride into 

(iry ethereal solution of })henyl t.soeyanide 


hydrogenation in the presence of reduced nickel the hydrochloride 2( 'gHg'NC^SHCl is formed ; 
at 200" yields toluene and ammonia ; but ; this is deeomjioscd* by water (Nef, Annalcn, 
Frebault (iTofZ. 1020) states that by embedding ; ^70, 302). By passing chlorine into the dry 
the nickel in iron filings to ensure an even , ethereal solution a chloride is obtained; this 
temperature, at 250" the products are benzyl-, chloride cai) also be yireparcd by passing chlorine 
amine, dibenzylamine and possibly a trace of i into jihenyl mustard oil (Net. ibtd. 282), and on 
tribcnzylaimne. tlhlorine m the presence ol I treatment with water at' 10(^, .s?/w-diphenylurca, 
sunlight yields benzonitrile hcxaRliloride (Mat- i caibon dioxide, hydiochloric acid, and aniline 
thews, ('hem. iSoc. Ttans. 1900. 1272). Forms I aie the products# Bromide, v. Lengfield and 
compounds with aiitiinony haloids and other ; Stieglitz, Amer. (.diem. J. 17, 101. Phenyl 
metallic salts. | 'fweyamde is readily hydrolysed by dilute acids 

Henzondrtlv oruJe, r. Wieland, Bi'r. 1907, 40, i into aniline and formic acid, (.dacial acetic 
l(»(i7 ; Werner and ibiss, Ber. 1894, 27, 2192. j acid convert.s it into formanilide, and a trace of 


- 1 - 


Addition conijimiridH with iilatiniuis chloiidc, r. \ a 
Hofmann and Biigge, ibid. 1907, 40, 

Ram berg, ibid. 2578. 

The i.s'ocyanides contain the gronyi — N — C 
(Nef, Annalen, 1892, 270, 207 ; 1895, 287, 2«)5) 
Th(‘V Mere first pieparcd in 1800 by Chiutiei 
by treating alkyl loihdes with silvei cyanide. 
Later Hofmann obtained them by the intmuctioii 
ot potassium hyniioMde, chloroform and jinmary 
amines. They aic also lormed m small quantity 
in some of the methods tor preparing the nitriles 
(?\ supra). 

d'he i.wcyanides are colourless, volatile 


tu’ctanilide ; tlnoaceiic acid yields acetanilide 
1772 ; I (Pawlcwski, Ber 1899, 22, 1425). It combines 
' with sul])hiir, yielding phenyl mustard oil 
(Weitb, ibid. 1872, 0, 210); With sulphuretted 
by<liog(‘n it yiehls ihiofofnianilidc. Jiy heating 
phenyl nsoeyanulc at 200"-220", benzonitrile is 
produced (Weitb, ibid. 213). Addition com- 
pounds with platmous chloride, v. Hofmann and 
Buggo, Ber. 1907, 40, 1772 ; Bamberg, ibid. 2678. 
'^-NITROANILINE RED r. Azo- colotjuing 

MATTER.S. 

NITROANILINES. By the direct nitration of 
aniline, a mixture of o-, w,-, and p-nitroanilines 


liquids, having a most disagreeable odour, and | is produced. Aniline is dissolved iii 0 hi 8 times 
arereadily soluble 111 alcolioland ether, sparingly 1 the calculated quantity of nitric acid, mixecw 
HO in water. Though the t^jocyanides are not | with an equal volume of sulphune^ acid, the 
basic, yet they combine with hydroehlorK! acid ternjierature being kejit below 0". The liquid 
in ethereal solution to form compounds of the | is poured on to lee, and diluted with ice-water 
type 2R-N(72HC1, but these substances aie until o-nitroaniiine ceases to be jirecipitated. 
unstable to water. The i.soeyaiiidcs are more I After*tiltrution, the liquid is neutralised with 
easily hydrolysed than the mtiiles, dilute acids Bodiiim carbonate, and the m- and p-nitro- 
or water at 180" etleeting this, the ])rodiictH being ! anilines separated by fractional precipitation, 
formic acid and primary amines. They arc • p-nit.roanihne being iirst precipitated as a 
stable to alkalis. (Racial acetic acid conAjierts yellowish-brown powder, and then the m- com - 
them into alkylformamides by the addition of | pound, which is pure (Nietzki and 


one molecule of water. On reducHon there are 
formed secondary amines, one of the groups 
As a class they arc characterised 


'Benckiser, Ber. 1885, 18, 295? Pinnow and 
Muller, ibid. 1889, 24, 150 ; Bruns, ibid. 1896, 28, 
1954). According to Holloman, Hartogs and. 



alkyl thioformamides ; with acid chloride# the 
amide-chlorides of ketonic acids. On oxidi^tion j 
with mercuric oxide, i.'iocyanic esters arc pro I 
duoed. On the constitution of the u-onitriles, 
see Nef (Annalen, 1892, 270, 2(i0 ; 1894, 280, 
291 ; 1809, 309, 154). 

Alkyl t^weyanides v. arts. Methyl, Ethyl, &c. 

* Phenyl i<soCyanide, PhenyWarhylamine 

CeH,-N=:=C 

may be prepared by. the interaction of aniline, 
chloroform, and potassium hydroxide in alcoholic 
solution at 50° (Hofmann, Annalen, 144, 117 ; 
Nef, ibid. 270, 274) ; or by the action of chloro- 
form and dry powdered caustic alkali on amiline 
in the abserme of any solvent ( Biddle and Wold- 
berg, ibid. 310, 7) ; by the action of chltiroform, 


0 - compound, mollified by the presence of aniline 
sulphate, which leads to the forraatior^f the 
in~ product, and of the intermediate formation of 
phenylnitrnamine, which gives rise to o-jjiitro- • 
aniline. For an examination of Holleman’s 
method of estiraatirf^ the relative proportion of 
the three isomendes in a mixture, see Nichols, 
J. Amer. Chem. f^oc. 1918, 40, 400. 

NH2 

o-Nitroaniline ^^jNOa may be prepared by 

\/ 

the reduction of o-dinitrobenzene with ammo- 
nium sulphide (Korner, Gazz. chim. ital. 4, 306 ; 
cf. Rinne and Zincke, Ber. 1874, 7, 1374) ; by 
heating o-dinitrobeaizene (Laubenheimer, ibid. 
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1878, 11, 1155; de Bruyn, Rec. trav. chim. j m-Nitroaniline crystalliaes in large yellow 
J3, 121), o-nitrophenol (Merz and Ris, ^er. i needles, l]2’4°{Hubner,Annalen, 208, 298), 
1885, 19, 1751), o-nitroaniaole (Salkowski, j b.p. 285°, sp.gr. 1*430 (Schroder, Ber. 1879, 12, 

Annaleii, 174, 278), or o-bromonitrobenzene 663). Soluble in hot water and the usual 
(Waller and Zincke, Ber. 1872, 6, 114) with i organic solvents (Carnelley and Thomson, Chem. 
alcoholic ammonia ; by heating o-nitrt)()enzani- j Soc. Trans. 1883, 786). Electrolytic reduction in 
lide with dilute sodium hydroxide (Hiibner, j alkaline solution yields m-azoaniline (Elbs and 
Annalen, £08, 278; Lellrnann, ibid, 221, 0);!Kopp, Zoitsch. Elektrochem. 1896, 6, 108; 
by treating an aqueous solution of o-phenylene- ! WulAng, I). R. P. 108427 ; Chem. Zentr. 1900, i. 
diamine with sodium peroxide (0. EischCr and 1 1175) ; reduction with sodium stannite in alkaline 
Trost, Ber. 1893, 26, 3084) ; by treating ; solution yields diwn'//Tdiaminoazoxybenzene 

oxanilide with strong sul])liuric acid, nitrating ' (Meldola, Chem. Soc. Trans. 1896, 7), and in hot 
the oxanilidedisuljihouic ati.d thus formed, and alkaline solution m-azoxy aniline is formed 
decomposing the dinitro-oxandidedisuljihonic? (Poinicr and Roscnstiehl, D. R. P. 44045 ; Erdl. 
acid by boiling with water (WuKing, 1). R. Pj‘. ii. 43(>). By boiling with phthahe chloride, m- 
66212, 66000 ; Erdl. iii. 44, 45). R is manu- | nitrophthalanil is produced (Bobreff, Ber. 1895, 

factured by gradually adding 40 kilos, of j 28, 939 ; Pawlewski, i/ofi 1894, 27, 430 ; 1895, 28, 

acetanilide to 80 kilims, of sulphuric acid (66°B6.) i 1118). Eor methylation, v, Ktaedcl and Bauer, 
with constant stirring, and keeping the tempera- j Und, 1886. 19,^939 ; chlorination, v. Kbrner and 
turo below 50°. A mixture oL36 kilos, of nitric ' Contardi. Atti H. Accad. Lincci. 1909, [v.] 18, 
acid (36°- 37°B6.) and 40 kilos, of sulphuric acid i. 93 ; bromination, dnd. 1908, [v.] 17, i. 466 ; 
(G6°B6.) is then run in, the temperature being ' iodination, ibHl. ii. 679). 
kept between 40° and 50°. Next day the I Ellij 

liquid is poured into 200 litres of hot water, ! /\ 

0 - and p-nitroacetanilide being ])reeipitated. The p-NitroaniliBie i 1 may be projiared by 
nitroacetaiubdes are deaeeiylated by heating an j \ / 

aqueous suspension with steam until eompletc I 

solution occurs ; the liquid is cooled to 50° I heating ^>-nitrophenol (Merz and Ris, Ber. 
and then poured on icd; o-nitroamliiie being pre- 1886, 19, 1753), or /i-chloronitrobenzone (Engel- 
cipitated. The n- compound is obtained liy hardt and Latsehinow, Zeitsch. Chem. 1870, 
adding 180 kilos, of soda lye (36°Be.) to the 2.32; Clayton Aniline Co., 1). R. P. 148740; 
mother liquors and cooling with ice ; yield ! Chem. Soc. Abstr. 19t)4, i. 393) with strong 
26 p.c. ortho- and 60 p.e. para- (Pokorny, j aqueous ammonia ; by boiling p-nitrobenzanilide 
Bull. Soc. Ind. Mulliou'=<e, JH94, 280; Turner, } with dilute potaasnim hydroxide (Ilubner, 
Ber. 1892, 25, 985; Meldola, Chem. Sue. Tians. ; Annalen, 208, 278) ; by oxidising p-nitroaoani- 
1883, 427 ; Kbrner, Gazz. ehim. ital. 4, 305). lino (0. Eischer, ibid. 286, 154) ; by treating 

o-Nitroaniliiic crystallises in orange-yellow an aqueous solution of ^i-phenylenediamine 
needles, m.p. 71 ‘5°; I litre of water dissolves with sodium jieroxide (0. Fischer and Trost, 
S.*256 grams at 25°; dielectric constant {v. Ber. 1893, 26, 3084) ; by nitrating benzyUdine- 
Lbwenherz, Zcitscli physikal. Chem. 25, 407). aniline with equal (jiiaiitities of sulphuric and 
Electrolytic reduction in sodium carbonate solu- nitric acids, and dissolving out the product with 
tion yields o-phenylenediam me (Rohde, Zeitsch. water (Bayer and Co., D. R. P. 72173 ; Erdl. 
Elektrochem. 7, 330) ; this can be also effected in. 48); and by nitrating acetanilide (?’. o-Niiro- 
by boiling with zinc and water. By boiling (uulini) {rf. Muller, Chem. Zeit. 1912, 36, 1066). 
with ethyl chlorocarbonate, o-nitrophenyl- /i-Nitroanihnc crystallises in long yellow 
m-ethane 18 produced (Rudolph, Ber. 1889, 12, needles, m.p. 148*3°; sp.gr. 1*424 (Schroder, 
1295), and with phth^lic chloride o-nitroph- Ber. 1879, 12, 663); readily soluble in hot 
thalanil is the product (Pawlcwski, ibid. 1895, wat^r and the usual organic solvents (Carnelley 
28, 118). 3-chloro-6-mtroanihiie (r. Bad. Anil, and .Thomson, Chem. Soc. Trans. 1883, 786). 
Soda Fab. D. R. P. 20()345 ; Chem. Soc. Abstr. Electrolytic ^reduction in the presence of sul- 
1909, i. 297). phuric acid yields p-diammobenzene sulphate 

NH, - 

W-Nitroanlline may be prepared by 

... 

the reduction of la-dinitrobenzene with ammo- diailime is also formed by reduction with zinc 
nium^r sodium sulphide (Muspratt and Hof- an^. water, by treatment with hydrogen in 
mann, Annalen, 57, 215 ; Kbrner, Gazz. chim. presence of finely divided nickel, or with bypo- 
' ital, 4, 306 ; Beilstoin and Kurbatow, Annalen, sulphurous acid (Goldberger, Oester, Chem. 
176, 44; Cobonzl, Chem. Zeit. 1913, 37, 299) Zeit. 3, 470)4i By heating with ethyl ehloro- 
(for details, Cam’s MTinufactiire of Inter- carbonate, p-nitrophenylurcthane is formed 
mediate Products for Dyestuffs) with .stannous (Hager, Ber. 1884, 17, 2626) ; and with phthalic 
chloride (Anschiitz and Heiisler, Ber. 1886, 19, chloride y>-nitropXthalanil (Dobreff, ibid. 18115, 
2161), or with iron and sulphuric or hydro- 28,939; Pawdewski, ibid. 1894, 27, 3430 ; 1896, 
chloric acids (Wiilfing, B. R. P. 67018; Erdl. 28, 1118). 

iii. 47) ; by treating m-nitrobenzanilide with For chlorination, v. Fliirscheim, Chem. Soc. 
dilute alkalis (Hubner, Annalen, 208, 278); Trans. 1908, 1772 ; oxidation with hypochlorites, 
by treating an aqueous solution of m-phenylene- ?>. Bayer & Co., B, R. P. 83626 ; Erdl. iv. 1017 ; 
diamine viith sodium peroxide (0. Eischer and azo- derivatives of the nitroaniJines, v. Azo- 
Trost, Ber. 1893, 26, 3084) ; or by adding aniline conqpRlNO matters; constitution of the nitro- 
nitrat/O to sulphuric acid at low temper&ture anilines, v Hirsch, Ber. 1903, 36, 1898 ; absorp- 
*1 (Levinstein, B. R. P. 30889>). tion spectrum, r. Baly, Edwapds and Stewart, 


UNoyes ana iiorrance, jser. 

^but in*’ the presence of sodium carbonate 
phcnylenediainino is the product (Rohde, 
Zeitsch. Eli’ktroehem. 7, 339). n-Phonvlene- 
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Chem. Soc. Trans. 1906, 614 ; mercury salts, v. 
Jackson and Peakes, Araer. Chem. J. 1908, 39, 
667 ;* condensation products with chloral, t*. 
Wheeler and Weller, J. Amer. Chem. Soc. 1902, 
24, J063. 

NH- 


2 ; 3-Dinitroanilinel 


may be prepared 


by heating 2 : 3-dinitroacctanilide with sulphuric 
acid {Wendcr, Gazz. chim. ital. 19, 22(5) ; orango- 
yellow needles, m.p. 127° ; soluble in alcohol. 

NH., 

2 : 4-Dinitroaniline i may be prepared 

\/ 

NO, ^ 

by heating 2 : 4-dinitroaucoinanil (Gottlieb, 
Annalen, 85, 24) or 2 : 4-dinitroacetanihdc 
(Hudnew, Zeitsch, Chem. 1871, 202) with potas- 
sium hydroxide; by heating l-chloro-2 : 4- 
dinitroborizeiio (Rngflhardt and Labschmow, 
ibid. 1870, 233), l-biomo-2 : 4-dniitrobonzene 
(Clemm, J. jir. Chem. jn.] 1, 145), 2 : 4-dimtro- 
anisol (Salkowski, Annalen, 174, 263), or 2 : 4- 
dinitrophenol (Barr, Ber. 1888, 21, 1542) with 
alcoholic ammonia. Yellow crystals, m.]). 176° ; 
insoluble in water, soluble in alcohol and ether. 
On reduction with ammonium sulphide, o- and 
/i-nitrophenylcnediamiiuis are produced (Kehr- 
mann, Ber. 1805, 28, 1767); by boiling with 
alcoholic potassium cyanide. 2 : 4-(.linitroamino- 
phcnol is formed (Lippmann and Fleissner, 
Monatsh. 7, 95), and witli potassium hydroxide, 
2 : 4-dinitrophenol (VVillgerodt, Ber. 1876, 9, 
979). For derivatives, v. Jaeger, Proc. K. Akad. 
Wctensch. Amsterdam, J90(), 9, 23. 


NH, 


2 : S-Dinitroaniline 


/ 


NOi 




may be pre- 


pared by heating 2 : 5-diniiroacetaiulide with 
sulphuric acid (Wonder, Gazz. chim. ital. 19, 
233) ; orange-yellow needles, m.p. 137° ; readily 
soluble in alcohol. 

NH, 

2 : O-Dinitroaniline ^^^*1 may be pre- 

\/ 

pared by heating 2 : 6-dinitroanisol (!::^]kow8ki, 
Annalen, 174, 273) or i-iodo-2 ; 6-dimtrobenzene 
(Kroner, J. 1875, 345) with alcoholic ammonia ; 
yellow needles, m.p 138° ; soluble in alcoRol. 

NH, • 

/\ ' 

3 : 4-Dinitroaniline | 1 kt p. may be prepared 

by heating 3 : 4-dinitroaceta^ilide with sulphuric 
acid (Wender, Gazz. chim. ital. 10, 233) ; citron- 
yellow needles, m.p. 164°; soluble in alcohol, 
almost insoluble in ether. 


3 : 5-Dinitroaniline 


No.i Ino 


yellow needles, m.p. 169*’ ; soluble in alcohol and 
ether, almost insoluble in benzene. 

NHg 

2:4: 6-Trinitroanlline,Picmwade^^^[^^^^* 

• \/ 

. NO, 

may be prepared by heating l-chloro-2 : 4 : 6- 
trmitrobenzene with ammonia (Pisani, Annalen, 
92, 326) or by nitrating o- or p-nitroanilines (Witt 
and Witte, Ber. 1908, 41, 3090) ; dark yellow 
needles, m.p. 188°* By reduction with tin and 
hydrochloric acid 2:4; 6-triaminophenol is 
formed (Hepp, Annalen, 215, 350 ; tSalkowski, 
ibid. 174, 261). By heating with potassium 
hydroxide, picric acid is produced (q.v.). 

NH, 

2 : 4 ; 6-Trinrtroaniline ^vrn 

NO, 

tained by nitrating in-nitroacetamlide (Witt and 
Witte, be.), m.p. 183°. 

NH, 

2:3:4: 6-Tetranitroanillne is 

• \/NO, 

NO, 

prepared by nitrating ///-iiitroaniline, 2:3- or 
2 : 4-dinitroanilme8 (Flurscheim and Simon, 
Chem. Soc. Proc. 1910, 81); yellow crystals, 
m.p. 212°. 

4-Nitroaniline-2-sulphonic acid 

SOoH 


Nil 




pared by rftducing 1:3: 6 -trinitrobenzene with 
ammonium sulphide (Bader, Ber. 1891, 24, 1653); 


Prepared by heating 2-chloro-5-nitrobenzene 
Bulphonic acid with alcoholic ammonia at 120°- 
140°, thus forming tlie ammonium salt (Fischer, 
Ber. 1891, 24, 3789). 

#-Nitroaniliiie-3-sulpbonic acid 

__SO,H 

^NO, 

Formed by boiling sodium |netanilate with * 
acetic acid, dissolving in sulpliuric acid, cooling 
and adding a cooled mixture of nitric acid (sp.gr. 
1*385) and sulphuric acid, pouring on to ice and 
separating the product. Yellow needles, 
sparingly soluble in cold water and alcohol 
(Rger. Ber. 1888, 21, 2579). 

o-NlTROANISOLE ^NO,. Obtained 

o-ciI« 

by methylating o-nitrophenol (Jansen, Chem. 
Zeitsch. 1913, 12, f71), or by acting on o-chloro- 
nitrobenzene with sodium hydroxide and methyl 
alcohol (Brand, J. pr. Chem. 1903, ii. 67, 146). 
NITROBENZ ALDEHYDES v. Benzaldb- 

HYDE. 

! NITROBENZENE v. Benzene. 

NITROCALCITE. A mineral consisting of 
i hydrated calcium nitrate, Ca(N08)2-4-nHj0, 

; probably identical with the artificial monooUnio 
, salt Ca(N03)2,4H20 (sp.gr. 1*90). It occurs as 
an •efflorescence of wWte silky fibres, and is 
i usually found in Mmestone caves in association 
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Franke and Finke, Eng. Pat. 10718, 1912; 
Cyanid-Gesscll, D. R. P. 218a71, 1912), or better, 
mixed with ammonia gas (Lupton, Ohem. News, 
187(), 113, 90), or with hydrogen (Hulett, J. 
Amcr. Chem. Hoc. 1900, 27, 1415). 

(4) Ry absorption with alkaline pyrogallol 
(Liebig, Annalen, 1851, 77, 107). 

(5) Rhth copper and aqueous ammonia (Per- 
thelot. Bull. Hoc. chim. [li.J 13, 

! 

’ An apparatus (sec Fig. 1) for 
obtaining nitrogen from air on this 
' principle comprises a reser- 
*voir. A, containing a mixture 


with nitre [q.v.). During the American war of 
1812 the earth on the floors of the Mammotji 
Cave in Kentucky and the Wyandotte Cave in 
southern Indiana was systematically leached 
for the manufactuVe of saltpetre. The mineral 
is also recorded from Hungary and HpaAi, and 
is said to be abundant in caves in Venezuela. 

It is sometiMe.s seen as an efllorescenee on the 
walls of stables (‘wall-saltpetre’), (‘alcium 
nitrate is now maniifaetured on a largii scale 
trom atmos])beric nitrogen for iwe as a fertiliser. 

F. Calcium. d. H. 

NITROCELLULOSES r. IXu losives. 

NITROCINNAMIC ACID V . ('llSNAMIO ACM). 

NITROCRESOL r. NiTRoeHENoi.s and tiikiii of equal volumes of a 
llOMOLOGUES. I saturated solution of 

NITRO DYES r. Auraniia ; Naphthalene; I commercial am momum 
and Picric acid. 1 carbonate and am- 

NITROFORM. Te tranii loim th.ine, Ai’E- j moma of sji.gr. ()'93. 
TYLBNE. • 1 Fhe liqiinl flow's from 

NITROGEN. Symbol- N. Al.vt.. 14-008. \a at a rate controlled 
Nitrogen was discovered in 1772 by Rutln-rford, j by the scrcw-clamp, J), 
Professor of Botany in the Univeisity ol hdin- j and encounters a cur- 
burgh. He found that wla-n a small animal was j rent of air at the 
allowed to breathe an in a eonlined space for a i branch, c, which ; 
time, and the carbon dioxide tlH-reby ])roduced ; should slope as 
rornovod by absorption, a gas still remained ! shown. The fall- 
w'hich w'as incapable ot supjiortmg resjuration. ; tube from A must be 
Lavoisier first estalilislit-d the imlividuahty ol | long enough to give a 
this gas, and clearly demonstrated its existence ; jiressure at o such that 
in the atmos])liere. From its incajiacity to su])- | the volume of solution 
port life ho gave it the name of azot( ; the name ' carried up is at least 
nitrogen, denoting that the gas is an t-sLcntial ! equal to that of the 
constituent of nitre, w'as subseipicntly given to it accompanying air with* 
by ("haptal. ’ | ‘>ut danger ol the lat ter 

Occurrence. — Nitrogen is one of the most | backing uji into A. The 
widely diffused of the elements, and occurs fiee [ air-liquid mixture is dis- 
in the air, of which it constitutes four-tifths by i charged over the glass 
N^lume, or, more accurately, 78-0() p.c. (Li-duc, ! bell in the to}) of n and 
Compt. rend. J89(>, 123, 805). Volcanic gases | descends through the 
contain considerable quantities of nitrogen, j column of copper clip- 






and the air-bladders of certfun fishes, the bone 
cavities of many birds, as well as the cavities 
of plants, all contain the gas in the free t#jate. 

It occurs in many meteorites. 'J'he nebuhe 
consist, ill part, of fn-e nitiogeii, and it is con- 
tained in the atmosphere the sun. 

Nitrogen, in a state of iiombimitioii with 
oxygen, exists in the air as nitric and nitrous 
acids, and, confbmed with hydrogen, as am- 
monia. According to llayhurst and Pring 
(Chem. Hoc. Trans. 1919, 898) nitrous gases arc 
present in the atmosjihcic in quantities which 
vary from time to time, and arc usually greater | 33, 788). 
at high than at low altitudes, to the extent of i A modifii'd form of 
about 1 in 3,000,000. These compounds aie | this ••apparatus using 
conscqqgptly present in rain-water. Nitrogen ; solution of ammonia 
is an essential constituent of animal and veget - 
•able organisms, and is found in many minerals, 
but efnefly in saltpetre or potas.sium nitrate, 
and Chile saltpetre or sudiuiA nitrate. 


pings in B. The air, now 
freed from oxygen, is 
dried and freed from am- 
monia with dilute Bul- 
phuric acid. Tin; air cur- 
rent servos to <-nsure the 
contmuous eirculation 
of thv liquid through 
the apparatus (Van 
Brunt, J. Amer. Chem. 
Hoc. 1914, 30, 1448 ; 3. 
Hoc. ChAii. Ind. 1914, 




Preparation. — (A) From Ihe Almos'phere. 

(a) By chemical sejiaration of the oxygen 
with some reagent with which it easily reacts — 

(1) By passing air over reduced iron 
(Brunner; Spencer, Eng. Pat 3752, 1809). 

(2) With hydrogen over platinum sponge 
(Dumoulin). 

(3) Over heated copper turnings (Dumas and 
Boussingault ; Welton, Eng.*Pat. 2569, 1879; 


saturated with am- 
monium ohloridc has FlQ. 1. 

been described ♦by Bad- 
ger (J. Ind. Eng. Chem. 1919, 11, 1052; Analyst, 
1920, 32). 

(0) With manganous and ferrous hydroxides 
(Flight, Chem. Nows, 1882, 45, 105). 

(7) With jihosphorus. 

In those cases, after removal of carbon 
dioxide and water vapour, the gas obtained is 
at the most 99 p.c. pure, as the inert gases are 
still present. 

Arj^ongst the many patents for the production 
of nitrogen on this principle are thole of Frank 
and Caru (nitrogen from combustion gases, e.g. 
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from gas producers, D. R. P. 204882, May 22 ; 
1907); Eng. Pat. 16963, 1908; Lance and 
Elworthy, Eng. Pat. 4409, 1906; Riodel, Eng. 
Pat. 20631, 1909 ; Braun, Eng. Pat. 22531, 1911 ; 
Harger, Eng. Pats. 28075, 1911 ; 16855, 1912; 
Cyanide Gea. m.b H. (1) R. F. 218671, Nov. 25, 
1908 ; ’from air passed over copper in specially 
designed apparatus), Kassiicr(l>. R. PF. 233383, 
and 234849, May 29, 1910, by absorbing the 


with pipe d contained in the counter-curront 
iaterchanger. The other extremity of this pipe 
is connected to the inlet of the valve box o to 
the outlet of which another pjpe is connected, 
as shown. This pipe is carried upwards and 
cnters*the rectiheation column near the middle, 
where it is fitted as shown with a rosc-end, 
the function of wLich vill be explained later. 
The coil/j, also shown in the vaporising chamber. 


C — 


oxycren with calcium piumbate,alkaliiiianganate, | is connected at one extremity with the pipe / 

^ and Acker (Nitrogen Co. New York, Eng. | contained in tlfe counter-current interchanger. 
Pat. 24413, 1910). i other extremity of tins ])i])e is connected to 

The American Cyanamidc Co. uses a ‘ copper the inh’it of the vtlve box h to the outlet of 

process for the production of nitrogen, the j wdiich another pipe is connected, as shown, 
reduction being effected by coke-oven gas in ; 4'his pipe is carried uiiwards and enters the 
connection with carbide manufacture. A rectification column near the top, where it is 
tem])crature of 4.50" is employed, giving an ; fitted, as sliowm, v\ it h a rose-end, the function ot 
output of 200 cub. ft. per hour yiiicher, J. Ind. 

Eng Cheni. 9, 1917, 233. 

(^) By fractional distillation of liquid air. 

The bulk of the uncondensed gas is nitrogen, 
and the vapour boiling off from the liquid is 
mainly the more volatile nitrogi'ii, the liquid 
after standing in a Dewar flask for some tim(5 
being practically pure oxygen (r. Stock and 
Nielson, Ber. 1906, 39, 3393). Nitrogen thus ! 
obtained always contains argon to tlie extent- . 
of about 0-5 p.c. , | 

For the distillation of mixtures of liquid i 
nitrogen and oxygen, r. Baly (Phil. Mag. 1900, j 
[v.l 49, 517), fnglis and Coates (Chem. Soe. 

Trans. 1906, 886), Inghs (Fliil. Mag. 19(Ms Ivi.]' 

11,640). 

Erdmann (Ber. 1906, 39, 1207) describes a i 
commercial method for condensing large quan- j 
titles of nitrogen, in practically pure condition. ' 

Many forms of ajiparatiis designed for the j 
production of nitrogiui by this means have been : 
patented. Of these the best known is the | 

LtNDE NiTKOOKN SKI'ARATOR. j 

In the article Oxygen, Fig. 1 illustrater the j 
Linde oxygen separator, and in the descrijition i 
ot tliat ap'paratus it is showm how it is possible , 
to obtain pure liquid oxygen at the bottom of j 
the rectification column, whilst the nitrogen 
vajiours leaving the top of the coliimi can j 
never contain less than 7 p.c. of oxygen. .Refer- j 
ence 18 also made to a modificatiqji of the Linde 



which will be described later.* The short pipe 
nrreessTue to Claudi-. by means of which small Cj communicates at one end with the top of the 
F — f - -. 1 ^ obtained 1 vaporising chamber and is connected at the 


quantities of pure nitrogen may be (ibtaii 
from an oxygen seqiarator. For the flfodin ti 
of pure nitrogen in , large quantities, 
employs a modified construction of his separator, 
which is illustrated diagrammatically in FTg. 2. 


u. V..-. other end to the extremity of the pipe c con- 
Linde | tained in the counter-current interclianger. 

Two gas comjircssors arc emjiloyed in con- 
junction with the separator, one working at 


In thia ajipiiratus, is in the oxygen nnf, the i high ,nps3«.e and tlie, f 
circular upper portion of the casing is made of 
wood and contains in its centre the rectification 
column A, whilst the base, conslructed of wood 
in the form of a 'hexagon, contains the vaporis- 
distillmg chamber B. All clearance 


spaces are packed with sheep’s wool, or other 
suitable insulating material in order to prevent 


fore-cooler as described in connection with the 
oxygen separator {v. Oxygen) may also ad» 
vantagcously be used. This fore-cooler is kept 
cold by means of'a earbonicuacid or ammonia 
maehine, and is interposed between the com- 
pre.ssors and the se-parator, so that the com- 
! jn-essed gases leaving the compressors at normal 
thenenetration o£ heat from the outside, c m ! atumapherie temperatures, become reduced to 
Iho Munter current intcrchanger, constructed i a temperature well below the free.mg.pm^ of 
the counter cui I . ..inp nnd con- i water before they enter the separator. With 

taWng^Xee^maller pipes of diftciWt si^cs | this prehmmary description of the essential 
d 7 and f ThTvertidl pipe o is an extension parts the working of the apparatus can now be 

ofthemain8oiralpipetothetopofther«:tifica- readi y followed. , „ i. 

rion eoTumn A The pipe coil d, shown in the •Thercare, asm the ease of all such apparatus, 
va^Sng chamber is wineetedatonesixtremity 1 two stages m thetrorkmg. 
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the preliminary cooling down and pro- 
duction of liquid, and second the separation , of 
pure nitrogen. 

The preliminary cooling may be effected by 
charging the vapdriaer b with liquid air, separ- 
ately produced ; or air at normal atmitejihcric 
temperature (or less where a fore-cooler is 
employed) and at a pressure of about 2000 lbs. 
per square inch is conveyed from the high- 
pressure gas compressor through the small ])ipe / 
of the counter-current jntercha»ger. (Although 
only one pipe / is shown, several of these are 
generally employed.) 1’his compressed air then 
passes through the pipe coil /j in the vaporiser 
B to the inlet of the valve box h. At this point, 
by the adjustment of the valve spindle, the air 
is caused to expand from a high to a low jiressure 
and is discharged at#tliis low ju’cssure through 
the rose-ended pipe /j into the top of the recti- 
fication column. This exjiaivled air tills the 
column and flows away through the outlid- c 
into the counter-current interchanger in a reveisc 
flow to the incoming high pressure air, leaving 
the apparatus through the pipe c. As a branch 
of this pipe is coupled to the intake of the liigh- 
pressure compre.ssor, it is obvious that the same 
air circulates through the apparatus with a 
regenerative cooling effect, until a temperature 
is ultimately reached &,t which the expanded 
air begins to liquefy and collect in that state 
round the coils in the vaporiser u. The quantity 
of liquid thus collected is registered outside the 
apparatus by means of an ordinary coloured 
liquid which is contained in a glass tube y 
enclosed in a pressure-equalising circuit, as 
indicated. 

When the vaporiser n is nearly filled with 
liquid, the second stage is reached in which the 
%fq)aratu8 can bo employed for the continuous 
production of nitrogen. 

During the production of liquid in the 
vaporiser b, separation ol oxygen and nitrogen 
has been taking- place, first through simple 
fractional evaporation, and subsequently thi^mgh 
rectification, as fully described under Oxygen. 

The nitrogen issuing from the pipe o has also 
been getting steadily purjr in quality owing to 
the fact that it has been undergoing continuous 
treatment in an enclosed circuit. For the con- 
tinuous production of pure nitrogen, it is, how- 
ever. necessary to introduce a supplementary 
supply of liquid air, and as it is impossible by 
simple rectification to disengage nitrogen vayiours 
from liquid air wuth less than 7 p.c. of oxygen, 
further treatment of the nitrogen has obviously 
to be employed in order to eliminate the residual 
oxygen.^, This is effected in the following 
manner : — 

• Th^ air to bo treated is sujiplied by the 
low-pressure compressor, already referred to, at 
normal atmospheric temperrffcure (or less), and 
at a pressure of about (iO lbs. per square inch 
through the pipe d of the counter-current inter- 
changer. This low-pressure air, thus cooled 
nearly to its temperature of condensation, then 
passes through the pipe coil in the vaporiser 
B, where its latent heat is transferred to the 
surrounding liquid, and it is itself entirely con- 
densed, whilst at the same time evaporating an 
approximately equal quantity of the surrounding 
liquid. I'he pressure is then reduced by me*.n8 
o4 the v8dve g, and the liquid at atmospheric 


pressure is discharged into the lower part of the 
rectification column through the rose-ended 
pipe d^. It is there rectified by the ascending 
vapours from the chamber b to a content of 7 p.c. 
of oxygen, whilst the liquid descending into the 
vaporising chamber is nearly pure oxygen. The 
nitrogen containing 7 p.c. of oxygen rises to 
the top of the column and is discharged from 
the apparatus through the pipe c and the main 
pipe c of the counter current interchanger. Now, 
as already explained, a branch of the pipe c is 
coupled to the intake of the high-pressure 
comyiressor. Fart of the outflowing nitrogen 
therefore enters that compressor, and passing 
through the high-pressure circuit in the manner 
aheady described, is liquefied and discharged at 
the toj) of the rectification column through the 
rose-ended pipe/o. f’his liquid containing 7 p.c. 
of oxygen is, ficiiording to Baly’s experiments 
(a. Fig. .I, Oxygen), able to purify the vapours 
encountered by it down to about 2 p c. of 
oxygen. Fart of these are again drawn into the 
high pressure system and condensed, and flow- 
ing into the column, continue automatically 
to displace oxygen from the rising vapours until 
]nire nitrogen only is discharged from the pipe c. 
Fart of this nitrogen continues to circulate 
through the high-pro.s8urc system for scrubbing 
purposes, but the major pari is collected for use 
thiough the vertical branch on the pipe c. 
Oxygen vapours are abstracted from the 
a])paratus through the pipes Cj and r. 

It IS found that an installation of this 
description wall ]»roduce a})i)roximately one 
cubic metre of nitrogen per ^ I.71.F. 

(B) Bi/ (JhcimcQl Mcan'<. — (1) By passing 
chlorine through a strong solution of ammonia 

SNH,+;{CL- fiNH/d+Na 

The ammonia must bo in excess, otherwise 
nitrogen chloride may be formed. Anderson 
(Chem. News, 5, 24fi) states that so obtained the 
nitrogen always contains oxygen. Ammonia is 
removed by passing through sulphuric acid. 

(2) By adding metallic zinc to fused ammo- 
nium nitrate. 

(2) By heating ammonium nitrite, or a 
mixture of ammonium chloride, and potassium 
nitrite;: Nir4N02^2H.0-f N^. This method 
gives nitric oxide in small quantity. If this is 
removed by ferrous sulphate solution, some is 
always evolved again on shaking, whilst with 
potassiuA permanganate oxygen is liberated 
in varying quantities (r. Knorre, Chem. Zentr. 
FJ03, [].] 125). The best method of procedure 
is to take 1 part NaNOj, 1-2 parts (NH4)2S04, 
and J part K2Cr207, warm the solution, and 
wash the gas evolved with a solution of 6 vols. 
saturated KgCr^O, solution and 1 vol. concen- 
trated H2SO4. • 

^4) By heating ammonium idichromate, or a 
mixture of ammonium chloride and potassium 
dichromate (NH4)2a-207=Cr203-f4H20+N2. 

(5) By heating glycerol (2 parts) and 
NH4NO3 (1 part) (Mai, Ber. 1901, 34, 3806). 

The reaction commences at 190®, but once 
started proceeds without further heating till 
the temperature has fallen to 1 60®. A few drops 
of sulphuric acid cause the reaction to proceed 
more |•eguhl^ly and at a lower temperature. 
CO 2 is present in small quantity, iVe yield of 
nitrogen is nearly theoretical. 
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(6) By heating a mixture of dry ammonium 
nitrate and ammonium chloride 

4NH4N03+2NH,C1-Cl2+ 1 2HaO+5N2 

(7) By passing a mixture of (a) nitric oxide, 
or (6) nitrous oxide, with ammopia over heated 
copper gauze or platinised asbestos. The nitrogen 
is purified by passing through dilute H2SO4, 
over fused KOIT, through concentrated H,SO„ 
and finally over red-hot copper gauze (Baxter 
and Hickey, Araer. Chom. d. 1906, 33, 300). 

(8) By decomposing chamber cr^^stals with 
ammonium sulphate at 1.30" (Pelouze, Ann. 
Chim. Phys- 1841, [lii.] 2, 49). 

2N0,-S03H+(NH4),S0j-.3B,S0,-{-2H,0+2N2 
ft is also formed in other chemie.il decomposi- 
tions, notably by the action of hypochlontc.s 
and hypobroinites on ammonia atd acid amides, 
and of nitrons acid upon amines. 

Spongy platinum boiled with ammonium 
suljihate and sulphuric acid gives SO^ and N, 
(Delcpirio, Compt. rtmd. 190.6, 141, 88(>), probably 
in accordance with the following equations-- 

(1) 4H„S04-f-Pt = l*t(S04),4-2S()o-^411,() 

(2) 3PtfS()„)2 + 2(NJl.i),,SO;-2N,+3Pt+8H,S()4 

This explains the loss of nitrogen when ! 
platipichlorides of organic bases arc estimated 1 
by the Kjeldahl nudbod. 

PropertifS. — Nitrogen is a colourless, in- 
odorous, tasteless, neutral gas. Its density has 
been determined by many observers {v. Kanisay, 
Clhem. News, 1899, 79, 13), and the iliserepaiiey 
between the densities of atmos])herie and 
chemically prepared nitrogen led to the discovery 
by Rayleigli of argon. 

The density (air— i) and weight of ] liiri', at 
N.'f.P. are rcspt'etively 0 90737 and 1*25092 
(Rayleigh, Proc. Roy. Noe. J898, 02, 209), 
0‘9()‘717'aud 1 *2.6070 1 (Ledue., Compt. rend. 1898, 
120, 413), these giving for 11 = 1 the values 
14*002 and 14*004 res[K‘etively (Leduc, ibid. 
1908, 140, 399). Rayleigh’s later determinations 
(i’roc. Roy. 80c. 1904, 73, 1.63) give the densities 
(H = 1 ) at atmosjiherie and at very low pressures 
as 14*003 and 14*009 resfiectively. 

The density of atmosjiheric nitrogen ((’on- 
taining the inert gases) is 0*97209 (Rayleigh, T.c.) 

B.p. - 196*P" (Dewar, ibid. 1902, 09, 300); 
— 195*9 (Grunmach, Sitzungsbi'-r. 1^ Akad. Wiss. 
Berlin, 1900, 07!^); — 195-.65 (Alt, Ann. Physik. 
1900, [iv.] 19, 739) , 

Olzewski (Compt. rend. 1884, 99, 133) gives* 
the b.ps. at high pressures as follows — 

P, in atm. 35 31 17 * 

°C. -140 -148*2 -100*53 

See also Baly (Phil. Mag. 1900, [v.] 49, 617) and 
Fischer and Alt (Sitzungsber. K. Akod. Miinchen, 
1902, 113). , * 

Baly Dewar Fischer and Alt. 

M.p. -210*52 -210*^ -210*48 

Critical pressure 32 29 atm., critical tem- 
erature —140*26" (Wroblewski, Compt. rend. 
886 , 100. 979), 3^*49 atm. and -137*13" | 
(Crommeliii, Proc. K. Akad. Wetensch Amster- 
dam, 1915, 17, 959). Critical volume 42*0 c.c. ; 

^ Moles (.T. chim. physique, 1922, 19, 283), as the 
result of the ilscusslon of 29 determinations, calcfilates 
the weight of the litre of nitrogen at 0® and 760 mm. 
and 45® cal. to he 1*2507 ± 0*0001 grams. • 


critical density 0*0236 (Dewar, Proc. Roy. Soc. 
1^04, 73, 261). 


8f.gr. of liquid nilrogen. 


®c. 

Sp gr. 

• Observer 

-19»*93 

0*8084 

Inglis and Coates. 


0*8010 

Baly and Donnan. 

-195*5 

0*8042 

Dewar. • 

-198*3 

0*8297 

Inglis and Coates. 


0*8218 

Baly and Donnan 


8 p.gf. of sol id 

nitrogen. 

-210*5 

0*8g92 

Dewai. 

-252*5 

1 *0265 

Dewar. 


Molecular volume at 0" abs. ((!alo.) = 2.6*49 
(Dewar, Pkm;. Roy. Soo. 1904, 73, 251). Specific 
volume at m p. 221*3 c.c {ibid. 1902, 09, 300). 
Sp.ht. of liquid nitrogen f^r temperature range 
of —190" to -208" IS 0-430zl:0*008 (Alt, Ann. 
Phj^sik. 1904, |iv.] 13, 1010). Sp.ht. of gaseous 
mtrogim 0*2348 between 0" and 200" (Regnault) ; 
0*2 119 from 20" to 440" ; 0*2104 from 20" to 030" ; 
0*2192 fiom 20° to S0(C (Holbni*n and Austin, 
Sitzungsber. K. Ak.id. Wish. Berlin, 19(>5, 175), 
and ha.s a m(*an value 0*23.60 +0*0000190 
between (»" and 0" (Holboin and Henning, Ann. 
Physik. 1907, liv.j 23, 809). 

Lalent heat of vaporisation at b.p. 50*4 
cal. (Dewar, Proc. Roy. •Soc. 1905, A, 70, 325); 
at b.p. 47 05. at - 202", 49*42, at -210", 61*01 
(Alt, Ann. Physik 190(5, [iv.] 19, 739). The 
vajiour yiressuro of pure liquid nitrogen between 
-191*88" (p= 1*4727 atm.) and -148*85" 
(30*304 atm.) may Ix' expressed by the formula 
log p=.6*70381-853*522/T+54372*3/T*‘ ' 

[ ~ 17835001* 

I (Crommelin, 

Vapour pre.s.siire at m.p. 03*5 mm. ; from ^ 
Flsclier* and Alt’s values of the vapour pressurCA 
^ near the m.p the m.p. calculated by Ramsay and 
Young's method is -210*24°. For atmospheric 
nitrogen the vapour pressure at the m.p. is 90*2 
mm., and the calculated m.p. is —210*47". The 
loweflng of 0*23" is brought about by argon (I 70 
gram per 100 grams N) from which the molecular 
depression is cah'ulated as 5*39 ami from this 
the latent lioat of fusioy is 14*49 eal. (Eslreicher, 
Bull. Acad. 8ci. Cracow, 1903, 831). 

tSurfaee tension 8*51 4+0*02 dynes/cra. (Grun- 
mach. iSitzungsber. K. Akad. WiiSs, Berlin, 1906, 
679). Tables showing variation of surface 
tension and density of liquid nitrogen with 
tompernturo arc given by Baly and Donnan 
(Chi'in. Soc. Trans 1902, 907). 

3'he available pressure, volume, and thermal 
data for nitrogen at low temperatures have been 
collected and analysed by Plank (Biiy.sikal. 
Zoitsch. 1910, 11, 633). 

Coefficient of expansion of liquid nitrogen * 
varies from 0*002996 at 11"-132° abs. under 
6 mm. to 0*003074 £tt 100" abs. under 1000 mm. 
(Erdmann, Ber. 1906, 39, 1207), and that of 
gaseous nitrogen 0*003643 from 0" to 1067" 
(.Jacquerod and Perrot, (’ornpt. rend. 1904, 138, 
1032). The compressibility of gaseous nitrogen, 
has been studied by Regnault, Natterer, Cailletet, 
Amagat (Ann, Chim, 1893, [vi.] 29, 68, 506), and 
Rayleigh (Pioc. Roy. Soc. 1906, 74, 446). For 
the data the original papers must be consulted. 

For viscosity constants of pure and atmo- 
ephei'ic nitrogen, v. Markowski (Ann. Physik. 
1904, 14, 742). • 
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The inversion temperature of the Joule' 
Kelvin phenomenon for atmospheric nitrojjeiji is 
243° at 159 atm. and 193° at 30 atm, (Olzewski, 
Bull. Acad. 8ci. Cracow, 1909, 792 ; v. also 
Porter, Phil. Mag^ 1910, [vi.] 1 9,888). Refractive 
index of gaseous nitrogen 1 •000297 (Rantsay and 
Travers. Zeitsch. physikal. ('hem. 1898, JOO, 
25), and of liquid nitrogen 1 -2053 (Liveing and 
Dewar, Phil. Mag. 1893, [v.] 39, 328 ; v. also 
Cuthhertson, Proc, Roy. Hoc. 1910, 83, A, 161). 
Pllectromagnetic rotation 0*004427 (Kundt and 
Rontgen, Wied. Ann. 1880, 10, 267). Por 
deiHity, refractivity relationship, and <lisperaion 
of gaseous nitrogen at its boiling-pomt, v* 
Oorold, Ann. Physdi. 1921, |iv.] 95, 82. 

oxygen at -195-5'' dis* 
solves 468 times it volume, or 50-7 p c. of its 
weight of gaseous* nitrogen (Erdmann and 
Bedford, Ber. 1904, 37, 1184). The solution 
obeys Henry’s law, and liiiuid nitrogen there- 
fore has the normal molecular weight, although 
oxygon dissolved in nitrogen is as.soeiated (liighs 
and (joates, Chem. Hoc. Trans. 1909, 889). 
Grunraaeh, however, from its surface tension 
calculates its molecular weight m the liquid 
state to be 37 ’3 (Hitzungsber. K. Akad. Wiss. 
Berlin, 1909, 979). 

Solvbihly in n'nU r. 

Temp. 0® 10® 20® 30“ 40“ 50® 

c.c. per litre 23 -00 18-54 15-54 13 55 12-15 11-02 

(P’ox, Trans. Faraday Hoc. 1909, 5, 98 ; see 
also Winckler, Zeitsch. jihysikal. Chem. 1892, 9, l 
171). For solubility in alcohol s(e Carius, 
Annalen, 1855, 94, 139; in ]>otroicum see 
Gniewosz and Walfisz, Zeitsch. })hysikal. Chern. 
1887, I, 70; III glycerol and iwhutyric acid 
'%ee Druckcr and Moles, ihul. 1910, 75, 405; 
in solutions of organic substances see Hiilncr, 
ibid 1907,57.911. 

Wood charcoal absorbs ton tunes as much 
nitrogen at —185° as at 0° (Dewar, (!ompt. 
rend. 1904, 139, 291). *■ 

Chemiral properties’. — Nitrogen is not com- 
bustible, and does not siqqxu’t combustion, | 
and in the free state , is remarkable for its 
inactivity. It may, however, be made to unite 
directly with boron, silicon, magnesium, tita- 
nium, tantaluiti, and tungsten. Jt is absorbed 
by a mixture of magnesium powder and lime, 
and, under certain conditions, combines with 
hydrogen, oxygen, and carbon, as, c.f/., when 
a series of electric sparks is passed through 
oxygen and nitrogen gases standing over a 
solution of caustic alkali, when a nitrate of the 
metal #1 produced. Traces of nitric acid and 
ammonium nitrate are produced by burning 
hyd 5 f>gen gas mixed with nitrogen m an atmo- 
sphere of air or oxygen. Nitrogen can unite 
with hydrogen to form Tunraonia when the 
gases are in the nascent state. Carbon and 
nitrogen unite directly when nitrogen gas or 
atmospheric air is passed over an ignited mix- 
ture of charcoal and potash, or charcoal and 
baryta. 

Nitrogen reacts slightly with steam at 2000° : 
N,-f2H20=2N0-l-H„ (Tower, Ber. 1906, 38, 
2945). 

A detailed account of the spectrum is given 
by Fowler and Strutt {ibid, 1911, 86, A, ^77). 
For the spectrum of nitrogeii, v. also Deslandrcs 


(Compt. rend. 1902, 134, 747), Mosengeil (Ann. 
Physik. 1909, [iv.] 20, 833), Walter {ibid. 1906, 
[iv.] 20, 327), Nasini and Anderlirii (at 3000°, 
Gazz. chim. ital. 1909, 39, ii. 561), Purvis (in 
strong magnetic field, Proc. Camb. Phil. Soc. 
1906, 13, 354), Angercr (at low temperatures, 
Ann. Physik. 1910, fiv.] 32, 549), Helm (long- 
waved portion, Zeitsch. wiss. Pliotochcm. 1910, 
8, 405), Wien (canal rays, Physikal. Zeitsch. 
1910, 11,377), Croze (infra red, Compt. rend. 
1910, 150, 890). 

Nitrogen is an essential constituent of many 
of the most potent and valuable medicines, as 
well as of some of the most jiowerful poisons, 
(\(j. quinine, morjibine, prussie acid, and strych- 
nine. The slight allinity existing between nitro- 
gen and other elements gives a peeuliar character 
to its com])ounds, many of which are extremely 
jironi' to decAin position. Many nitrogen com- 
pounds, especially those which contain the oxy- 
gen;ited radicle niln/l (NO ), are highly explosive, 
as in the case, of t he [iicrates, certain azo com- 
pounds, gun-cotton, the fulminates of silver and 
mercury, nitroglyciu-ine, &-c. 

Active nitrogen. When a sfream of rare- 
fied nitrogen is subjected to the action of thfe 
electric discharge from a Leyden jar the gaa 
exhibits a brilliant yidlow light winch persists 
for some little time after the exciting discharge 
IS cbse(jntinued. The luminoiiR gas gives a 
characteristic speetnun showing green, yellow, 
and red bands of about equal intensity. H 
passed through a glas.^ tube moderati'ly heated 
1 at one point the glow disappears ioe.ally. If 
strongly heated the glow is jicimanently ex- 
tinguished. Its brilhaney is increased during 
cooling by liquid air but at the coolest part it 
is finally extinguished. Nitrogen thus treated 
shows remarkable eliomieal activity. It reacts 
with hydio(‘arhons such as mothano, pentane, 
and acetyhme to form hydrocyanic acid, and con- 
verts mercury and metallic vajiours into nitrides 
which, when treated with water or potassium 
hydroxide solution, yield ammonia. H combines 
with phosphorus, gives a bright bliu' flame with 
iodine vapour ; suljihur and arsenic give faint 
blue and green flames resjiectively. With 
iiitj;e oxide it produces nitrogen peroxide ; 
2N(),-|-N-=-N()2+N M (!arbon disulphide yields 
a blue polymeric nitrogen sulphide and a poly- 
mcriseil carbon monosulphide. Suljihur chloride 
gives ordinary yellow nitrogen sulphide. With 
,.niethyU bromide, ethyl iodide, chloroform, 
ethylene, and ethylidene dichlorides it foims 
hydrogen cyanide. IVhen chlorine is present 
eyaftogmi chloride is produced ; benzene yields 
cyapnbonzenc. 

Jt IS remarkable that if the nitrogen is pure 
it docs not become ‘ active ’ under the influence 
of the discharge. The presence of a trace of 
some foreign substance such avi oxygen, methane, 
ethylene, the oxides of carbon, hydrogen* sul- 
phido, or nicrcury*'Vapour is necessary tq its pro- 
duction. As regards oxygen, the amount needed 
to pr(»duce the greatest effect gradually increases 
until it reaches a maximqra of about 1 part in 
750, after wliich the intensity of the glow 
decreases : a 2 p.c, admixture completely 
destroys it. Active nitrogen would appear to 
havq no chemical action on oxygen or hydrogen. 
Its production by the discharge is 8f the naturqj, 
of a reviersible reaction : the concentration only 
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attains a certain limit, which may be lowered if 
the conditions become less favourable. The gas 
should be at a low pressure, say a few mm. of 
mercury, since collision with ordinary nitrogen 
molecules tends apparently to destroy it. It is 
also to a great extent destroyed by an uncon- 
densed electrical discdiarge (without ]ar) or a 
steady current produced, for example, by a 
high-tension continuous current dynamo (Strutt, 
Proc. Roy. Soc. 1911, A, 85 ; 1912, 86, 262 ; 87, 
179 ; 1913, 88, 539 ; 1915, 91, 303 ; 1916, 92, 
438}- 1917, 93, 254; Tiede and Domeke, Ber. 
1913, 46, 4095; 1914, 47, 420; Koenig and 
Elod, ibid. 1914, 47, 516 ; ibid. 523; Baker and 
Strutt, Bor. 1914, 47, 801, and 1049; Baker, 
I’iede, Strutt, and Dorncke, ibid. 1914, 47, 
2283; Strutt, J. Soc. Chem. Ind. 1918, 113, 
200 ). 

For a detailed account of the •spectrum of 
active nitrogen, 6'cc Fowler and Strutt, Proc. Roy. 
Soc. 1911, A, 85, 377. 

According to Max Frantz (Zcitsch. Elektro- 
chom. 1919, 25, 297) the main eonstitiumt of 
active nitrogen is triatomic nitrogen N j. It has 
probably an ojien chain structure, as indicated 
by the nitride formation and by the absence of 
azide production. On cooling it reacts with N 
to form N.,, and on heating it di'com] loses into 
N and N^, which is present in the gas in very 
small quantities at very low temperatures. 

For tho effect of (fie collision of a particles 
upon atoms of nitrogen, .sre Rutheiford, Phil. 
Mag. 1919, [vi 1 37, 571, M 581. 


centrated ammomllm chloride solution (Kolbo, 
J. pr. Chem. 1847, 41, 137), this being the 
me^od best suited for lecture experiments 
(u. Meyer, Ber. 1886, 21, 26 ; Hofer, Chem. 
Zeit. 1896, 20, 470). • 

By adding a calcium hypochlorite solution 
saturated wdth hydrochloric acid to ammonium 
chloride solution, and shaking with* benzene;;' 
tho NClg formed is dissolved in the benzene 
(Hcntscliel, Ber. 1897, 30, 2642). According to 
Rai ((/hem. News,*1918, 253) it can bo prepared 
by the action of bleaching powder on a saturated 
solution of ammonntm chloride at about 0° 
\#ithout the use of hydrochloric acid or a solvent 
such as benzene or carbon tetrachloride. 

By covering 150 c.c. of carbon tetrachloride 
with a concentrated aqueous solution of am- 
monium chloridii, and passmg in chlorine gas 
with vigorous shaking, and then washing with 
water, a bright yellow solution of the substance 
is obtained. 

It IS a yellowish volatile very pungent smell- 
ing oil, tho vapour of which strongly attacks 
the eyes and mucous membrane ; sp.gr. 1‘653, 
b.p. 7K. It detonates on being heated to 93°, 
or when brought into contact with organic 
matter, phosphorus, arsenic, ozone, and alkalis. 
Metals, and strong acids, resms, and sugar do not 
cause its explosion, which* is, however, brought 
about by exposuro to strong light. It reacts 
slowly with dilute ammonium chlonde solution 
and more rapidly with a concentrated solution 
to give nitrogen and hydrogen chloride ; 

KH4Cl-fNOl3=N2-f4HCl 


Halides or Nn’ROOEN. 

Nitrogen fluoride was sujiposed by Warren 
(Chem. News, 65, 289) to be formed when a 
saturated aqueous solution of ammonium 
fluoride was electrolysed, oily drops bc'ing 
noticed at the negative pole, which exploded 
violently when connected with tho jiositive 
pole or in contact with orgamc matter, glass, 
or silica. Ruff and (TCisel (Ber. 1903, 36, 2677) 
find, however, that nitrogen fluorides do not 
exist ; that electrolysis of ammonium fluorido 
gives only pure fluorine, and that Warren’s 
substance was proliably nitrogen chloride pj;o- 
duced from ammonium chlonde present as^an 
impurity. 

Nitrogen chloride NClg. First {fepared by 
Dulong in 1812 by the action of chlorine on an 
aqueous solution of ammonium chloride • 

NH4CH-3Cl2-=NCl3-f4HCr 

The re'action has been stuilicd by Noyes amd 
Lyon (Amer. Chem. J. 1900, 23, 4()6) ; Bray and 
Dowell (J. Amer. Chem. Soc. 1917, 39, 905). 
Balard (Ann. Chim. 1834, [ii.] 67, 225, 
prepared it by tho action of hypo^ilorous acid 
on ammonium chlojide. Ammonium sulphate 
is more suitable, and Hentschel (Ber. 1897, 30, 
1434, 1792) by that of Bodium*hypochlorite on 
ammonium chloride. Anhydrous ammonia and 
anhydrous chlorine react together to form 
nitrogen chloride and ammonium chloride. A 
considerable proportion of the nitrogen chloride 
at first formed decomposes into nitrogen and 
chlorine, either directly or by interaction with 
ammonia (Noyes and Haw, L Amer. Chem. ^o. 
1920, 42, 21674. , 

* It is also formed jn the electrolysis of 9. con- 
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It dissolves in benzene, ether, chloroform, 
carbon tetrachloride, and carbon disulphide, 
giving highly refracting sulphur-yellow solutions, 
fairly stable in the dark, but slowly decomposing* 
in light. Its benzene solution has been used for 
chlorinating organic substances (Hentschel, l.c. ; 
ibid. 1898, 31, 246). Nitrogen chloride is quan- 
titatively converted by dry hydrogen chloride 
into anfcnonium chloride (Noyes). Heat of for- 
mation —38,477 cal. (Troost, Compt. rend. 1868, 
f)9, 204). For tho aetjon of nitrogim chloride in 
carbon tetrachloride solution on reducing agents, 
see Dowell and Bray (J. Amer. Chem. Soc. 1917, 
39, 896). 

The formula NClg was assigHed to it by 
Dulong (Sehweiggcr’s d. Chem. Pharm. 1812, 

8, 32), Bmeaii (Ann. Chim. 1846, [hi.] 
16, 82), and Deville and Hautefeuille (C’ompt, 
rend. 1869, 69, 162). Davy (Phil. Trans. 1813, 
103, 1, 242) found tho chlorine to be in excess 
of that required for this formula. Porret, 
Wilson and Kirk (Gilb. Ann. 1814, 47, 6(L 69), 
and Gladstone ((Jhem. Soc. Trans, 1864, 7, 61) 
concluded that hydrogen was present (the latter 
giving the formula as N2H(fl,), but tho methods 
of analysis were nofr accurate. Gattermann 
determined the chlorine directly by docomposiiig 
a weighed quantity of tho carefully pui’iticd and 
dried substance with concentrated ammonia, 
thus forming ammonium chloride, in which the 
chlorine was estimated as silver chloride, the 
result closely agreeing with the formula NClg 
(Ber. 1888, 21, 755; v. also Hentschel, l.c.). 
This formula was confirmed by Chapman and 
Vodden (CJhem. Soc. Trans. 1909, 141), who 
determined the ratio of nitrogen to chlorine, 
and also proved the absence of hydrogen. 

• 2 K 
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Itek feydat^lysi* "with water as follows — t 

NC1,+3H,0 % NH 3 + 3 HCIO 
This explams'the easy reduction to amttfoma, 
and the apparently greater solubility *i hydro- 
chloric acid than in sulphuric acid or water, 
^ce hydtoohlorio acid destroys hypochlorous 
acid. This is confirmed by Chapman and V odden 
by shaking the CCl^ solution with moderately 
concentrated HCl, removing any NClp from the 
aqueous solution, and distilling with KUH, 
when ammonia is obtained«in quantity— ^ 

NCl3+3H,0 ^ NHa-f 3HC10 

HClO+HCl^Cla+HaO 

NHa+HCl ^ NH 4 CI 

Nitrogen bromide is said to bo formed as a 
dark red highly explosive volatile oil by adding 
potassium bromide to nitrogen chloride under 
water, and is possibly formed 111 a manner 
similar to the chloride, but no deliiiite compound 
has been isolated. 

Nitrogen iodide was first prepjued by t.ouriois, 
and has since been obtained in a variety of 
ways, viz. by digesting aqueous ammonia with 
powdered iodine (Stas) or alcoholic iodine 
solution (Serullas, Ann. Chim. 1829, [ 11 .] 

42, 200 ), or a solution ot iodine 111 aqua nqin, or 
directly with iodine chloride in potahsiuni iodide 
solution (Schonbein ; Cluyard, Coinpt. rend. 
1883, 97 , 520) ; from alcoholic ammonia and 
iodine solutions (Bunsen), and from ammonium 
iodide and bleaching powder ((jladsLone, Chem. 
vSoc. Trans. 1855, 51). 

it forms capper-coloured ciystals, light red ] 
by transmitted light, sp.gr. 3-5, very readily 
• </explodcd by shock, warming, or exposure to 
strong light. It is never obtained free from 
hydrogen, and at low tem])eratures gives 
molecular compounds with varying quantities of 
ammonia, viz. Nl^'NHs, Nl 3 ' 2 NH 3 , Nl 3 * 3 NIl 3 , 
N 1 o- 12 NH 3 (Hugot, Ann. Chim 190U [vii.] 
21, 5 ; Ruff, Ber. 1900, 33, 3026). The com 
pound NJ 3 .NH 3 is usually isolated, this formula 
representing its structure ((3iattaway and 
Orton, Amer. Chem. J. 1900, 24, 331 ; Silberrad, 
Chem. Soc. Trans. 1905, 55). 

Silberrad finds it to react with zinc ethyl as 
follows — 

(1) NH3’Nl3+3Zn(C2HJ, . .. ^ 

' ' =:!ZnC.,H5l+NH,4-N(C,,H,)3 

(2) 2NH3+Zn(t^H5),=Zu(NH.),+2C,H, 

According to Seiiwanoff (Ber. 1894, 27, 1012) 

its h 3 ilroly 8 is with water is as follows— 

^ NH3-NI3+3H./) j2N}l,10-fHIO 

It ia reduced by H,S, SO 3 , As.Oa, similarly to 
NCI 3 . Hydriodic acid liberates iodine, hydro- 
chloric acid forms iodine chloride, hydrocyanic 
acid iodine cyanide, and alkalis a mixture of 
iodide and iodate. It reacts with organic 
iodides (SUberrad and Smart, Chem Soc. Trans. 
1906, 172). 

Nitrookn and Sulphur. 

Nitrogen sulphide was first ^y 

Fordos and G4lis (Compt. rend. 1850, 31, 702), 
who assigned to it the formula SN. 

It is obtained by passing dry ammonia gas 


vm a solution of sulphur diohloride m carbon 
disulphide or benzene o 

According to Francis and Bavis (Chem. Soc. 
Trans. 1904, 269), it is best prepared from a 
10-16 p.c. solution of SgCla in benzene, into which 
a rapid current of dry ammonia is passed until 
red fumes appear, after which the liquid w 
cooled and the current continued for a short 
time longer. The ammonium chlonde is filtered 
off, and on evaporation of the filtrate, orange- 
red prisms arc obtained which, recrystalhsed 
from boiling benzene, toluene, or carbon di- 
sulphide, melt at 185". It is more stable than 
previous observers have stated, its supposemy 
greater tendency to explode probably being due 
to impurities present, as indicated by the lower 
melting-points given by them {cj. Schenck, 
Annalen, 1896, 290, 171). It may be sublimed 
under rediicAl pressure. Crystallographic con- 
stants (Artini, Cliem. Zentr. 1900, i. 1774)— 

[a:b: c=0-8806 : i : 0*8430 ; ^=89" 20'] 
its formation is usually represented by the 
equation — 

8 NII 3 + 3831 : 1 , -6NIl4Cl+2NS-fS4 
but according to Ruff and Gciscl (Ber. 1904, .17, 
1573), the relation of tlm yield to the composi- 
tion of the suljihur chloride em])loyeAl indicates 
SCI 4 to bo coiieerned in tlie reaction — 

128Cl,,+ U)Nll3--:i«4N4+48HCl+2N3 

its molecular formula is 84 N 4 (Schemk, /.c. ; 
Mutbmann, Ber 1896, 29, 340 ; Fr.uicis and 
Davi.s, f.r.). . 

With chlorine in chloroform solution, tne 
tdrachhnde N 484 CI 4 tormed, which crystal- 
Uses on cooling in magnificent yellow crystals 
which decompose on heating — 

bJ484Cl4 = 2N3 + 2S3Cl2 

It is excessively unstable, giving a black tarry 
mass oil exposure to moist air (Demar^ay, 
Compt. rend. 91, 854; Mutbmann and 8 eiter, 
Ber. 1897, 30, 627). , , . 

Bemarcay also describes the compound 
( 8 N) 3 C 1 , as produced by adding the requisite 
projiortion of nitrogen sulphide to the 
chloride in chloroform solution. T\m is probab^ 
thiortntlnoazylchloride ^^ 3840 , obtained by the 
action of 1^1484 upon 83 CU in chloroform solu- 
tion, or by heating N 484 with acetyl chloride. 
It IS an intensely yellow crystalline powder, 
w'hicli* explodes a few minutes after becoming 
dry. It readily absorbs ammonia. 

Muthmann and vSeiter [Lc.) also describe the 
following derivatives— 

, Thio-tnlhioazyhutrate N3S4NO3, obtained 
as sulphur yellow prisms when the chloride w 
dissolved m concentrated nitric acid and 
evaporated iyi vacud. Its solution in 
darkens after a few minutes, giving a black 

deposit. When dry it is very explosive. 

Thio-trithioai^lbromide N 3 S 4 Br is formed by 
the action of N 484 on S^Br, in CS, solution, or 
of bromine on the chloride in C 82 solution, 
or by exposing the tetrabromido of nitrogen 
sulphide (prejiared simUarly to the chloride) to 
moist air. It is stable in air. • 

Tkio-trithioazyliodide N 884 I is prepared from 
soU^ions of the chloride and potassium iodide 
in ice cold water. It is very uns^ble. 

Tyo-irithioazylthiocyanate NSO 4 C.W 0 , irom 





iod'ookl solotioQs ot ddoride or nitrate and 
potassitim thiocyanate, loetrouB bronze 

leaflets, fairly solulfle in benzene and ohloro' 
form which resist the action of the air. These 
compounds have the constitution — 


Schenck assigns to N 4 S 4 the constitutional 
formula — 


<s:> 


but Ruff and Geisel {lx.) regard the divalence 
of the sulphur atoms as improbable, and suggest 
the formula — 

® S~N 

which is supported by its reaction A^ith metallic 
iodides in anhydrous liquid ammonia. Lead 
iodide gives olive green prisms of the dithio- 
di-imide, Pb'NoiS./2NH3, and mercury iodide 
bright yellow crystals of the thio-di-imide, | 
Hg'NoS'NHg, but in neither case is precipitation ] 
complete, and the mother liquor from the lead ( 
salt gives the mercury comjjoimd with mercury 
iodide, whilst that from the mercury salt gives 
the lead compound with lead iodide. These 
facts are accounted for by the supposition that 
in ammonia solution (.bssociathvn of the above 
molecule takes place into the ions — 

NEEtS-NHj and S=8(NH)2 

H i Nile 
. o/N— S— N 

H I NHg 

Nitrogen sulphide reacts with a number of 
metallic chlorides giving additive compounds 
(Wblbing, Zeitsch. aiiorg. Chem, 1908, 67, 281) ; 
with amines (Schenck, lx .) ; with acetic acid and 
its halogen derivatives (Francis, Chem. 80c. 
Trans. 1905, 183G ) ; with aromatic aldehydes 
(Davis, tOid. 1831) ; with hydrofluoric acid (Ruff 
and Tliiol, Bcr. 1906, 38, 549). 

Stannous chloride does not combine, but on 
warming in benzene solution the N4S4 is reduced 
with formation of yellow lustrous leaflets, ni.]1. 
152'^, of the empirical formula NSH. It is 
not combustible or explosive. N Ha is evolved 
on heating with KC>H (Wblbing, lx.). 

According to Moissan (Compt. rend. 132 ,Jj 10), 
the reaction lOS-f 4NH3 ^ 0H2S-fJ^4S4 is 
reversible ; nitrogen sulphide can be obtained 
from sulphur and ammonia in presence of silver 
iodide. 

Dry HCl reacts as follows — * 

N4S 4 -f 1 2HC1 = 4NH 3 + 4S + 1 2C1 

showing that sulphuj is united to ^trogen by 
12 valencies, and hence, in agreement with 
Ruff and Geisel’ a formula, ncb N atoms are 
linked. Ht. of formation of N4S4-- 81,900 cal, 
(Berthelot and Vieille, Ann. Chim. 1882, 
[v.] 28, 202). 

A blue modification *of the yellow sulphide 
N4S4 is described by Burt (Chem. Soc. Trans 
1910, 1171) as obtained by subliming the latter 
over silver gauze. It is much less volatile, 
evidently formed from an unstable intermediate 
reduction product which loses nitrogen, . 


A wdfhidt K^S. is obtiunsd wbira 
N4S* andt eSj are heated together at 100*" for 
two 'hottia under 6 atm. pressure (Muthmann 
andCWver, Zeitsch. anorg. Chexiy 1897, 13* 200), 

OxiDfts and Oxyacids or Neteoobn. 

Nitrous oxide. Lay^hing gas, NgD. First 
obtained by Priestley in 1772, by the action of 
easily oxidisable substances, such as potassium 
sulpmde or sulphite, on nitric oxide. NO is 
also reduced to by iron or zinc filings, 
or stannous chloride. ^ 

, Nitrous acid and nitrites yield NgO when 
reduced by platinum black, and by sodium 
amalgam. 

Nitric acid and nitrates give NgO among 
their reduction products witjj various reducing 
agents, especially from zinc and dilute nitric 
acid or a mixture of equal parts of nitric and 
sulphuric acids diluted with eight to ten parts 
of w'ater. 

It is usually supposed not to be formed by 
direct union, v., however, method (0), infra, 
Warburg and Leithauser (Sitzungsber. K. Almd. 
Wiss. Berlin, 1008, 148) find that Siemen’s 
ozomser gives N.,() and NgOg, and that the 
spark between platinum electrodes gives NOg 
and N.jO, the alternating arc at high potential 
in dry air giving only NOg. 

Matignon from therm odyn am icw\l considera* 
tions infcr.s that the direct union of nitrogen and 
oxygen with production of nitrous oxide should 
bo realisible at 3000“ and 3000 atmos. (Compt. 
rend. 1912, 154, 203). 

No combination between nitrogen and 
oxygen is effected under the influence of ultra- 
violet light (Berthelot and Gaudechon, Compt. 
rend. 1910, 150, 1517). 

The best methods in practice are — 

(1) Campari’s method (Chem. Zentr. 1888, 
15G9), by heating to boiling a mixture of 6 parts 
stannous chloride, 10 parts hydrochloric acid 
of sp.gr^ 1*21, and 0'9 part of nitric acid of 
sp.gr. 1*38. These jiroportions should be 
adhered to, or the gas is liable to be evolved 
with exjilosive irregularity {v. also Gay Lussao, 
Ann. Chun. 1847, Lin-] 23,^229). 

(2) By reduction of nitrous acid with hydra- 
zine — « 

NgH4+HN0g-NH3-fN20+Hg0 

(Francke, Ber. 1905, 38, 4102). 

(3) By decomposition of ammonium nitrate 
by heat ; NH4N()3- N.gO + 2HgO. The decom- 
position begins at about 170°, and becomes 
explosive unless carefully regulated. Organic 
impurities must bo absent, and also ammqiMum 
chloride, otherwise COg and Clg respectively 
are formed Bouboiran, J. Pharm. Chim. 18^G, 
13, 332). 

Lidoff (J. Russ. Plfys. Chem. Soc. 1903, 36, 
69) recommends mixing the nitrate with sand, 
and washing the gas with ferrous sulphate 
I solution, afterwards drying it with an emulsion 
of ferrous sulphate in concentrated sulphuric 
acid. • 

(4) By Thilo’s method (Chem. Zeit. 1894, 
18, 632), patented in 1894. An equimolecular 
mixture ot ammonium sulphate and sodium 
nitrate is heated at 240°. A regular and quiet 
evolutien of nitrous oxide results. 

(6) By the reaction between sodium nitrite 
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and hydroxylamine hydrochloride solutions, NO 
being removed by ferrous sulphate solution— 
NH20H+HN0a-N20+2H20 
(Meyer, Poliak’s modification, Annalen, 1876, 
175 141). 

(6) Pictet (Fr. Pat. 41551)4, April *1 9, 1010) 
and Sode^^rmann {ihid. 41 1785, Jan. 21, 1910) 
obtain it from the nitrogen-oxygen flame, pro- 
duced electrically or by other means, under 
suitable conditions. At a definite part of the 
flame, ascertained Bpcctroscojdcally or in other 
ways, the chief product is N.^O, and by rajiid 
and efficient cooling at tlfis point the gas may 
be obtained in 25 p,c. yield. I 

Properties. — Nitrous oxide is a colourless j 
gas with pleasant odour and sweetish taste. 
Densitjy (air=l) 1‘5301 (Leduc, Conipt. rend. 
1905, J40, 042), P5297 (Rayleigh, Proc. Roy. 
Soc. 1906, 74, 181). Weight of one litre 1-9774 
grams (Guye and Pintza, C^onipt. rend. 1905, 
141, 51), 1-9777 (Rayleigh), J-9780 (Leduc). 

Cooff. of expansion 0-0037007 (Jolly). For 
its volume -pressure relations, v. Rayleigh (Proc. 
Roy. Soc. 1905, 74, 400). 

Viscosity coelL 0*0001363 at (P ; 0-0001815 
at lOO" (Wiillner, Wied. Ann. 1870. 4, 321). 

Refractive index for sodium light 1-00610. 
Magnetic rotation JO 02 (Pecquercl, Compt. 
rend 1880, 90, 1407 ; also Dufour, ibnl. 1908, 
147, 1471). «p.ht. at const, vol. •0-15130 at O'’ ; 
0 17384 at 100'' (Wlillncr, I c,.). Sp.lit. at const 
press, 0*1983 at 0®; 0*2212 at 100'’ (Wiodcr- 
mann, Pogg. Ann. 1875, 157, 1). 

Cp./Cv.=^l-31 at O'* ; 1*2724 at 100'’. 

Of, Mercer, Proc. Physical Soc. 1914, 20, 155. 
Heuse (Ann. Physik. 1919, [iv.J 59, 80) finds 
Cp. 20", 0*879; -30", 0*835 ; -70'\ 0*797. 

V Heat conductivity 0*0000350 at 0'’; 0 0000500 
at 100'’. 

It is easily liquefied, and was first obtained in 
liquid form by h’araday (Plul. Trans. 1823, 189). 
The liquid is colourless, mObile, and has a low 
refractive index (1 *193 at. 10'’, according t .) Bleik- 
rode, 1*3306 at 90'’, according to Liveing and 
Dewar); b.p. —89*8® (Ramsay and Shields, (Jiem. 
News, 1893, 07, 190; —89*4'’ (Grimmach, Sit- 
zungsber. K. Akad. n’lss. Berlin, 1904, 1198); 
— 88*7° (Bprrell and Robertson, J. Amer. (^hem. 
Soc. 1915, 3'7, 2091); m.p. -102*3° (Ramsay 
and Shields, be.). ( 'rystalhses in forms belong- 

ing to the cubic system (Bohnken). C-ritical 
temp, and press. 30*4°, 73*07 atm. ((’ailletet and 
Matthias); 35*4° and 75*0 atm. (Dewar. Phif. 
Mag. 1884, [v.] 18, 210); 30*5'’ and 71*05 atm. 
(Cardoso and Arni, J. ('hem. Phys. 1912, 10, 
504)^, 

Density at b.p. 1*2267 (Grunmach). Surface 
tension at 89*3°, 26*323 dynes/cm. Calculated 
molecular weights using the critical values 
given above are 43*20 a»id 43*78 respectively, 
hence NjO has the same molecular weight in 
both states (Grunmach). The vapour pressures 
are tabulated by Regnault (J. 1863, 70) and 
ViUard (Ann. Chim. 1897, [vii.] 10, 387). 
Vapour pressures of solid nitrous oxide between 
—90 6° and —1441° may be represented by the 
equation log p= — 1232*2/T-f 9*579 (BurreU and 
Robertson (J. Amer. Chem. Soc. 1916, 37, 2691). 

For densities of liquid N„0 and its saturated 
vapour, V. Cailletet and Mathias (Compt rend. 
1886, 102, 1202 ; Villard t^hid. 1894, 118, 1096'. 


Mol. heat of volatilisation 2900 cal. (— :20°), 
2600 (0°), 400 (36°) (Cailletet and Mathias, Ann, 
Chim. 1890, [vi.] 21, 69). Heat of forma- 
tion —21,700 cal, 

Solubility 

in water at 6° 10° 15° 20° 26° 

1*048 0*8778 0’7377 0*6294 0‘6443 
(Geffcken, Zeitsch. physikal. Chem. 1904, 49, 
257). 

Findlay and Creigliton (Chem. Soc. Trans. 
1910, 549) ; Findlay and Howell {ibid. 1914, 
291 ) show that it obeys Henry’s Law. 

At26» =0-586 

Cone, gaseous phase 

For the influence of colloids on its solubility, 
sre Findlay and Howell (br,). For its solubility 
111 alcohol, ruCanus (Anriak'H, 1855, 94, 139). 

Nitious oxide IB an endothermic compound, 
and is dcconqioacd into its clcmi-nts on strongly 
heating. This is shown by its power to support 
the combustion of phosphorus, carbon, sulphur, 
&c., when burning sufficiently vigorously to 
start the decomposition of the gas. At 600°, 
only about 1*5 p.c. is decomposed, but at 
9(H)° decom]K)sitioii is practically complete. 
Hunter (Zeitsch. physikal. Chem. 1905, 63, 441) 
finds its decomposition to be mainly bi-mole- 
cular, 2N„0=-2N j-fiOi;, and gives the velocity 
coefficients at vaiious temperatures. It also 
decomposes slighfly under pressure. At 600 
atm. and 420°, slight dccoiniiosition occurs with 
increase in volume (Brmer and Wroezynski, 
Compt. rend. 1910, 150, 1324). 

Mixed with oxygen and submitted to the 
action of ultra-violet light it gives nitrogen and 
higher oxidation products (Bertliclot and 
Gaudcchon, Compt. rend. 1910, 150, 1617). 
Mixed with carbon disulpliide it burns with a 
blue actinic flame. 

It is readily reduced by hydrogen on passing 
the mixed gases through a red-hot tube, or over 
platinum or palladium sponge. It is analysed 
by explosion with hydrogen (Hempel, Zeitsch. 
Elektroehem. 1906, 12, 600). The velocity of 
explosion is 2306 metres per sec. (Dixon, Chem. 
News, 1891, 64, 70). It oxidises a large number 
of metals and lower oxides, and reduced nickel 
brings about its reduction with hydrogen to 
water and nitrogen (Sabatier and Senderens, 
Compt. rend. 1902, 136, 278). Potassium and 
sofliun, when slightly heated in the gas, form 
the jieroxides, but when strongly heated produce 
the nitrates. 

* Nitrous oxide is a valuable ansBSthetic for 
short operations. Prolonged inhalation causes 
diath. Mixed with about one-fourth its volume 
of oxygen it produces an exhilarating and 
intoxicating^ effect. For a discussion of its 
preparation and requisite purity for use as an 
aneesthetic, v. Baskerville and >Steven8on (J. 
Ind. Eng. Chem. 1911, 3, 679). 

Liquid nitrous oxide is obtainable in steel 
cylinders holding up to about 60 lbs., equivalent 
to 430 cb. ft. of gas. For anesthetic purposes the 
gas should be free from chlorine, other oxides of 
nitrogen, &c., and should contain at least 96 p.o. 
nitrous oxide. 

Ilypomtriles may be regarded as salts of 
this oxide, though the acid is noi formed by its 
solutipn in water. At low temperatures a solid 
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hydrate NaO’GHjO is formed (Villard, Ann. 
Chim. 1807, [vii.l 11, 289). 

Nitric oxide NO differs from the other oxides 
in being neither an acid anhydride as NjOjNjOg 
and NgOj, nor a mixed anhydride, as Na 04 . It 
was the first oxide of nitrogen investigated 
(Priestley, 1772). 

It is usually said to be the first oxidation 
product of elementary nitrogen (w., however. 
Nitrous oxide) and is formed by direct union 
by a number of methods. It is produced 
together with ozone in the silent electric dis- 
charge, and has an inhibiting effect upon the 
formation of ozone (Manchot, Ber. 1908, 41, 
471). ^ 

it is produced (also along with ozone) when 
air is slowly led over a glowing Nernst filament 
(Fischer and Marx, Her. lUOO, :J9, 3031), and 
in various flames, exj. CO, ai|^d as well 

as in the electric arc, eleotyc spark, and at 
white-hot solid surfaces (J labor and Coates, 
Zeitsch. physikal. Chom. 1009, 09, 337). 

In the combustion of hydrogen in air at 
ordinary pressunss, practically no nitric, iixide 
is formed, but at 20 atm. 0-3 molecule of NO 
is produced for every 100 raols. of water. With 
equal mixtures of N> and O,, the yield though 
small at low pressures is as mmdi as 3 mols. ])or 
100 of water at 15 atm. (Wolokitm, Zeitsch 
Elektrochcm. 1910, 10, 814). 

The conditions under winch the union is 
most efficient have been studied liy Halxu* and 
his co-workers {v. Haber and others, Zeitsch. 
Elektrochcm. 1010, 10, 810, and earlier jiapers), 
Nernst and others (Fischer and Hene, Ber. JO 12, 
45, 3052; 1913, 4(), 003; Koenig, Ber. 1913, 
40, 132 ; Gorbov and Mitkcvitsch, .J. Buss. 
Phya. Chem. Soc. 1913, 45, 1100). Briefly, a 
high tomperaturc favours a rapid rate of forma- 
tion, and a high yield of NO, but also favours 
dissociation. Hence rapid cooling is necessary 
at the moment of formation, which is realised by 
<1 weeping the. gases out of tlio region of the are, 
or by forming and iriterru[)ting the arc suc- 
cessively several thousand times a second, or by 
playing the arc in different ri'gjons of the space. 
The gases passing out of the chamber isontam 
1-2 p.c. of NO by volume. For practical details, 
V . Nitrogen, Atmospheric, utilisation of.* 

For a study of the changes in nitric oxide m a 
methane-oxygon flame, .see Reis and^^aldbauer, 
Zeitsch. physikal. (Jhem. 1913, 85, (32. 

Nitric oxide is also produced by the action 
of a variety of reducing agents upon^nit^c and 
nitrous acids and the higher oxides. 

The most convenient methods are — 

(1) Nitric acid of sp.gr. 1*2 on metallic 

copper. • 

3Cu-f8HN03-3Cu(N03)..-f4H20+2N0 
(3Cu-fN,05=3Cu0-km)) , 

(y. Kammerer, Ber. ^885, 18, 3004; cf. Ronnie 
and Cooke, Chem. 8oc. Trans. 1908, 93, 1102; 
ibid. 1911, 99, 1035; Stansbie, J. ,Soc. Chem. 
Ind. 1913, 319). 

(2) An alkaline nitrate on a solution of ferrous 
chloride in hydrochloric acid. 

6 FeCl 3 -f 2 NaN 03 4-8HCl 

=6FeCl3+2NaCl-f4HaO-f2NO 

(Pelouze ; (Jp,y Lussac, Ann. Chira. Ii47, 
[iu.l 23, 203). 
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(3) Deventer’s method (Ber. 1893, 26, 689) 
of dropping a mixture of potassium nitrite and 
ferr^cyanide into dilute acetic acid. 
K4Fe(CN),-kHN02-fCH3C00H 

=K3Fe(CN),+H20+iJH3C00K-|-N0 

(4) D|opping 60 p.c. sulphuric acid into a 
concentrateci solution of potassium iodide and 
sodium nitrite in molecular proportioM. 

(5) Aqueous ferric chloride on sodium nitrite. 

FeCl3+3NaN0.,-Fe(N02)3+3NaCl 

2Fe(N63)3-l-3II,()-2Fe(OH)3-f3N()2-f-3NO 
If the NaNOj is jiluced under carbon disuljihide 
and hydratiid in carbon disulpliide 

stispemsion added, the NOg remains dissolved 
in the carbon disulphide (Matuschek, Chem. 
j Zeit. 1905, 29, 31). 

(6) SOj into warm HNOg of sp.gr, 1*15. 

3.S0,-h2HN03-l-2H2() = 2 Il,S 04 -f 2 N 6 

(Weber, Fogg. Ann. 1867, 130, 277). 

Moser (Zeitsch anal. Chem. 1911, 50, 401) 

[ considers the best nielhoda are — 

I (a) Reduction of HNO^ in with Hg. 

(b) Reduction of JINIJ^ with 111. 

The gas is purified by absorption in con- 
centrated ferrous sulphate solution, from which 
it i.s expelled again on gently heating. It is 
also absorbed by potassium jiermariganate or 
diehromato. • 

Nitric oxide is readily obtained by the 
eleetrolysis of a mixture of nitric and nitrous 
acids with a current of 5-10 amperes at the 
ordinary temperature (1). R. F. 244362). 

Properiien . — Nitric oxide is a colourless gas, 
of density 1’0387 (L(*due, (Jompt. rend. 1893, 
JJ6, 322). Wt. of one litre at N.T.P. 1*3402 
(Gray, (!hem. 8oc. Proe. 1903, 56 ; Guyc and 
Davila, Compt. rend. 1905, 141, 826). C’p. 
0*23175 (Rcgnault), ('p./Cv. 1*40. Coeff. 
expansion (moan) between —140” and '0°, 
0*0037074 (Advontowski, Bull. Acad. Sci. 
(Vacow, 1909, 742). Viscosity coeff. 0*000168 
(Moyer and 8prmgmuhl, Pogg. Ann. 1873, 148, 
526). * 

Refractive index for white light 1*000303 
(Dulong) • for sodium light 1*000297 (Mascart, 
Zeitsch. physikal. Chem. 1801, 7, 25), 1*0002939 
'(CuthbcAsou and Metdhlfe, Proc. Roy. 8oc. 
1908, A, 80, 406). 

Nitric oxide shows very litUe divergence 
from Boyle’s law (Jacquerod and Schener, 
Compt. rend. 1905, 140, 1384). It is with 
difficulty condensed to a colourless liquid. 

r Grit. Cnt. 

B.p. M.p. temp, press. Observer 
-153*6” -l(i7*0” -93*5” 71*2atm. Olzewski ^ 

— 150*2” —160*6” -92*9” G4’4atm. Adven^pwski 
For b.pts. at pressures other than atmospheric, 
y. Glzewski (f.c.). V.p. at m.p. 168 mm. ^ 

The vapour pressure curve of the liquid 
would appear to imftcate that polymerisation 
of the molecules takes place at very low tem- 
peratures. This is borne out by the high sp.gr. 
of the liquid at its b.p. (1*269) (Adventowski, 
lx.). 

Heat of formation of NO —21,676 cal. 
(Thomsen), —21,600 cal. (Berthelct, Compt. 
rend. 1874, 78, 102). Sp, heat Cp. 16”, 1*012; 
-45”, 1*001; -56”, 1*014; -80”, 1*024 

(Heuse, Ann. Physik. 1919, [iv.] 69, 86). 

1 Compt rei^. 1885, 100, 940. 
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Solubility in Water. 


“C. 

Absorption 


Absorption 

coetf. 


coetf. 

0 

0-\)7381 

49 

0 03507 

5 

0‘06461 

60 

‘03162 

10 

0-05709 

60 1 

0-02954 

16 * 

0'05147 

70 

0-02810 

20 

0 ‘04790 

80 

0‘02790 

25 

9-94323 

90 

0-02048 

39 

0 ‘94994 

ICO 

0-92028 


(Wbikler, Bcr. 1901, ;}4, 140S; v, also ZeitscL. 
physikal. Che in, 1892, 9, 171). 

It is more soluble (()'31G at 0") in alcohol 
(Cariiis, Annalen, 1885, 94, 138). For its solu- 
bility in HoSOj, ^^Xun^^e (Ber. 1885, 18, 1391) ; 
Tower (Zeitseh. anorg. (^hom. 190G, 59, .382). 

Nitric oxide is the most stable oxide of 
nitrogen. At 790“ only 0'5 p.c. is dissociated 
into nitrogen and oxygen, and at 1090“ only 
3-4 p.c. 3310 dynamics of the equilibrium have 
been studied by Muthmaiin and Hofer (Ber. 
1993, 30, 438) ; Ni'rnst (Zeitsch. anorg, Chem. 
1900, 49, 213); .billinek {(hid. 1990, 49, 229), 
and 13rode (Zeitsch. lilektrochem. 1995, 11, 752). 
Briner and Boubnoff (Compt. rend, 1913, 150, 
228) have studied tiie decomposition of nitric 
oxide over wide ranges of pressure (59-799 
atmos. ) and temperature ( — iM)“-3< )9" ), N itrogen, 
nitrous and nitric oxides, and nitrogen tiioxide 
and peroxide were found among the products. 
The main reactions are (1) 2N()- N_, I-O^, 
and (2) 4N() = 2NyO + Oj, the second jire- 
dominating, the higher oxides being formed by 
the secondary action of oxygen on the untrans- 
formod nitric oxide, rj. Guye and Schneider, 
« (Helv. (Jhim. Acta, 1918, 1, .33). 

At ordinary temperatures it combines with 
oxygon with jiroduction of ruddy fumes {v. 
Eraich, Monatsh. 13, 80) characteristic of tlie 
peroxide, but at the temperature of liquid air 
the product is always nitrogen tetroxkh ^ what- 
ever the proportions taken, even if both the 
oxygen and nitrogen are in the gaseous state 
provided the temperature be below —119“. 
NjOg is transformed liy oxygen to NjjO^ only 
above —199°, and is reduced by NO to 

NjOa at temp’cratures below —159“ (Francesconi 
and Sciacca, Gazz. chim. ital. 1994, 34, i. 447). 
Cf» Raschig (Verb. Ges. dent. Naturforsch. 
Aerzto, 1912, ii. [i.] 199), who infers the existence 
of a nitrogen hexoxide NO^. According to 
Sanfourche (Compt. rend. 19 i 9, 108, 39" and 
491) the first stage in the oxidation of nitric 
oxid(^ 4NO + O2 -2N,()3, is practically instan- 
taneous and independent of the temperature 
bet^ween —50° and 525°. The second stage, 
2N203-f-02 4NOo, is reversible. Up to 290° 
it tends from left to rights, but from 200° to 526° 
it tends more and more from right to left as the 
temjperaturo rises. In presence of water nitric 
oxide is oxidised to nitrogen trioxide and not 
^ the peroxide, the trioxide then being decom- 
posed by the water, with formation of nitric 
acid and partial regeneration of nitric oxide. 
In presence of concentrated nitric acid (sji.gr. 
1*6) the nitrogen trioxide is oxidised, forming 
nitrogen peroxide and water : 

2HN03+No03=2N204-1-H20 ‘ 


If dilute nitric acid is used the action is 
the same as with water, until the acid is 
concentrated to about M pc. (sp.gr. 13), 
when the second reaction takes place and 
increases with the concentration of the nitric 
acid. For velocity of oxidation of nitric oxide, 
see Bodenstein, Zeitsch. Elektrochem. 1918, 24, 
183 ; Briner and Fridovi, Helv. Chim. Acta, 

1918, 1, J81 ; Trautz, Zeitsch. Elektrochem. 

1919, 25, 4 ; Wourtzcl, Compt. rend. 1929, 179, 
199; ibid 229. Nitric oxide may be reduced in 
a variety of ways, giving nitrogen, ammonia, 
and in a few instances nitrous oxide. Hydrogen 
sul])hide and alkaline sulphides, sulphurous acid, 
and phosphine give N ) largely. Metals reduced 
in hydrogen arc readily oxidised at a low tem- 
jierature with formation of nitrogen. Passed 
with hydrogen over nickel, ammonia and some 
nitrogen are^produced (Sabatier and Senderens, 
C^ornpt. rend. 1992, 135, 278). The reaction 
corumenoea at 399“ and then proceeds at 129°, 
till' production of ammonia being almost quanti- 
tative (Neogi and Adhicany, Zeitsch. anorg. 
Chem. 1919, 09. 290). 

With hydriodic acid, ammonia is produced. 
Stannous chloride gives hydroxylainine and 
ammonia (Cliesnau, (Jomyit. rend. 1899, 129, 
199) and in alkaline solution liypoiiitnte as well, 
(.'hromous salts give aratnonia in neutral solu- 
tion. hydroxylammo in acid solution (Kohl- 
sehutter, Ber. 1994, 37, 3953). Alkahne pyro- 
gallol reduces it to nitrous oxide (Oppenheimer, 
1993, 30, 1744). 

It also reacts with oxidising agents. HgOg 
gives nitrous and nitric, acids ; PbOj, Pb^O^, 
Mn(>3, Ag20 in water give nitrite ; KMnO^ gives 
nitrate ; iodine nitric acid (Schonbein), CJOg gives 
N2()4, and hypochlorous acid nitric acid (Balard). 

In the dry state it acts on many oxidising 
agents, forming nitrite and nitrate (Auden and 
Fowler, (3iem. News, 1895, 72, 103). It gives 
NgOa with N2O4 at low temperatures {v. under 
Nitric tnoridi ). 

It IS slowly decomposed by potash, forming 
KNOa and N^ {v. also Emich, Monatsh. 1892, 
13, 99), and according to Moser (Zeitsch. anal. 
Chem. 1911, 50, 401) it cannot be preserved 
unchanged over water, partly owing to dissolved 
oxygon, and partly to hydrions of the water 

4N0+2H20=2HN02-fH2N202 
{cf. Zimmermann, Monatsh. 1996, 20, 1277). 

The latter gives N.,0, and also ammonium 
nitrite: 3H2N20..-=2N2b3+2NH3 [cf. Hantzsch 
and Kauffmann, Annalen, 1890, 292, 317), which 
further breaks down giving nitrogen in in- 
creasing quantity with the length of time the 
g»s remains over water. The moist gas can, 
however, be preserved unchanged over mercury. 

It can be catalytically decomposed by finely- 
divided nickel suspended in hot water with the 
yiroduetion of nitrogen and hickel oxide (Felgate, 
Chora. News, 1913, 108, 178). A mixture of 
hydrogen and Viitric oxide in the ratio 3 ; 1 
passed over finely divided tin, reduced iron, or 
zinc-dust when heated gives an almost quantita- 
tive yield of ammonia (Adhikary, Chem. News, 
1916, 112, 103). Guye and Schneider (Helv. 
Chim. Acta, 1918, 1, 33) find that in the reduction 
of nitric oxide with nickel as catalyst two re- 
actfions take place simultaneously^ the one giving 
ammonia and the other nitrogen : 
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( 1 ) 2N0-f-5H2=2NH3+2H20 

(2) 2N0+H,=N3+H30 

No nitrous oxide is formed. Temperatures of 
250®-300° appear to be the best for the pro- 
duction of ammonia. 70 p.c. of the gas is 
transformed into ammonia. 

Fluorine gives NOjF {q.v .) ; iodine does not 
react ; chlorine and bromine give the corre- 
sponding halide (v. under Nitrous acid). 

If allowed to remain at high pressures in a 
sealed tube it bi'.comos bluish green, and drops 
of blue liquid appear, first noticed at about 
28 atms. If hydrochloric acid be also present, 
NOCl IS formed, tlu^ change being probably 
represented by 

(iN0=-2N.03+No 
N203+211C1-=2N()C1+H>0 
(Briner and Wroezynski, Compt. rend. 1909, 
149, 1:172). • 

Tt is absorbed by a number of acids and 
salts, forming compounds of wliose constitution 
little is known, winch break down again on 
dilution with water, or gently heating. 

HjS 04 m presence of oxygen yields 
NO-OSO^ll 
(Lunge, Bcr. 1885, 18, 1.384). 

It reacts with nrtric acid {v. Saposhnikoff, 
J. Russ, riiys, Chom. Sue. 1901, 33, 501), and 
under HNO3) and is absorbed hy phosjihoric 
acid (Reinsch, J. pr. Clunn. 1813, 28, 385), 
arsenic, and some organic acids, and by many 
halides, such as those of B, 8i, Bi, Fe, Cu 
(for example BiCLpNO ; 2Fe(33-NO) (Besson, 
Compt. rend. 1889, 108, 1012; Thomas, Ann. 
Chim. 1898, [vii. | 13, 145). FeXO^ gives the 
compound Fe804'N() (Manchot and Zochent- 
mayor, Anrialen, 100(i, 350, 308; v. Iliifiier, 
Zei'tsch. physikal. Chem. 1907, 59, 410; Asher, 
%bid. 1908, 02, 1)22) which has been isolated in 
red leaflets (Manchot and Tfuttn<‘r, Annalen, 
1910, 372, 153; Manchot, Ber. 1914, 47, 1001 ; 
Bellucci, Gazz. chim, ital. 1914, li. 384). Conduc- 
tivity of NO in Fe8()4 solutions (Zimmermann, 
Monatsh. 1905, 20, 1277). It combines with Ni, 
Co, and Mn sulphates (v. Hfifner, l.r . ; Asher, l.c.) 

Fe2(S04)3‘N0 18 formed from ferric sulphate 
in 90 p.c. H28O4 solution (Manchot, Zeitsch.' 
physikal. Chem. 1910, 372, 179). • 

The violet coloration produced by NO in 
solutions of CUSO4 in conccntrat#d H2S()4 is 
due to the formation of an easily dissociated 
compound CuS04'N0 (Manchot, Annalen, 1900, 
375, 308). , • 

A number of other iron-nitric oxide-sulphur 
derivatives of uncertain constitutions are^ de- 
scribed by Hofmann and Wredo (Zeitsch. anorg. 
Ghem. 1896, 11, 288, and previous referentes), 
Marie and Marquis ((kunpt. rend. 1896, 122, 137), 
Bellucci and Venditori (Atti R. Accad. Lincei, 
1905, [v.] 14, i. 98), Manchot (Zftitsch. angew. 
Chem. 1911, 24, 13* and Raschig (ibid. 160). 

Complex cyanogen compounds are described 
by Miolatti (Zeitsch. anorg. * Chem. 1900, 25, 
318) ; complex nitrates and chlorides of the type 
C0(NH3)5(N0)X2 by Sand and Singer (Annalen, 
1903, 329, 190), and other complex amines con- 
taining NO by Werner. 

Nitrogen trioxide, Nitrous anhydride. When 
nitric oxide and nitrogen peroxide are mixed, 
or when hal| the corresponding atomic p«)por- 
tion of oxygen is added to nitric oxide, a gas 


is obtained .which appears to be a mixture of 
N4OJ molecules with N2O4, NOj, and NO 
molecules in relative amount dependent on the 
temperature and extent of drying. At low 
temperatures the substance consists mainly of 
N4 ()j molecules, and as it vif^iorisea it is dis- 
sociated^thus — 

N.0.$NA+N0,+N(} 

N40„ molecules in the liquid state are blue, 
whilst in the gaseous state both N40^ and 
N2O3 arc coloui-it^Hs or nearly so. On gently 
warming the blue liquid becomes green, owing 
robably to the yelMw NO^ molecules produced 
y the dissociation giving with the blucf N4O, 
molecules a green mixture (B. M. Jones, Chem. 
Soc. Trans. 1914, 105, 2310), cf. Wourtzel, 
Com])t. rend. 1920, 109. 

Preparation. — ( 1 ) By reduction of nitric acid 
of suitable concentration b}^ a reducing agent, 
usually .starch or'As^Oe. According to Lunge 
(Ber. 1878, 11, 1229), acid of sp.gr. 1*20 gives 
NO, acid of sp.gr. 1 ‘35 N5O3, and sp.gr. 1'5 
practically all NO^. As, however, the product 
vanes with the concentration, obviously a pure 
eom])ound cannot he obtained, as the concentra- 
tion IS changing throughout the experiment, and 
Ramsay and Cundall ((.fliem. 80c. Trans. 1885, 
187) recommend acid of initial concentration 1‘6 
as the most suitable. T?ie arsenious oxide and 
nitru! acid aie carefully heated on the water- 
bath in a large retort or distilling flask. The 
action is ajit to become very violent. The gas 
18 dried over solid calcium chloride and liquefied 
by ice and salt. Jf N2O4 is in exeesB a bluish- 
green liquid results, which, on volatilising in a 
current of NO and recondensing, yields an indigo 
blue liquid at —10". Its ready dissociation 
into NO and N2O4, the former of which is only 
liquid at —165 ’, the latter easily condensabl^ 
renders the removal of the last tnu'es of N2O4 
exceedingly difficult. 

(2) By oxidation of nitric oxide with oxygen. 
At temperatures below —100*^ the product from 
any proportiiuis of these gases is always NjOg 
(v. un^r Nitric ooridc). 

(3) By oxidation of liquid nitrogen by passing 

electric discharges through liquid air. So 
formed it remains suspended in the liquid air 
as a flocculent green substance, strongly re- 
sembling precipitated chromic liydroxide, but 
on evaporation of the excess of air is left as a 
slightly blue amorphous powder, which molts at 
— 111", and then assumes a deep blue colour 
which persists after resolidification in liquid air 
(Helbig, Atti R. Accad. Lincei. 1903, [v.] 12, 1, 
166 ; Skscher and Braemar, Ber. 1906, 39, 940). 
According to Scarpa (Gazz. chim. ital. 1#07, 37, 
ii. 185), NO is formed in the region of the arc, 
and in the boiling air combines further# with 
oxygen, giving which under favourable 

conditions may be complete, .since N2O4 is solid 
at temperatures lower than the critical dissocia- 
tion temperature. The best form of apparatus 
is described. 

(4) By reduction of N2O4 by NO (PMigot, 
Ann. Chim. 1841, |iii.] 2, 58; Forschnow, 
Zeitsch. anorg. Chem 1894, 7, 214). On 
saturating liquid N2O4 with NO and subse- 
quently cooling dark blue crystals of N4O, 
separate, m.p. —193", no other compound being 
form*ed. The eutoctic mixture (93'6 NjO^, 
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36*4 NO), melts ftt —112® (Wittorff, J. Russ. 
Phys. Chem. Soc. 1904, 36, 867). 

(6) By the action of 6N and 6N nitric acid 
upon copper. The gaseous product consists 
almost entirely of nitrogen trioxide. With 
stronger acid nitrogen peroxide is formed in 
amount depending upon the strcngrtfi of the 
acid (Bagster, Chem. Soc. Trans. 1921, 119, 82). 

NgOj Is also produced by action of water on 
lead chamber crystals, and on nitrogen peroxide. 

Properties . — Nitrogen trioxide, at ordinary 
temperatures, gives a biown*ga8 wliich has a 
density corresponding to a mixture of NO and 
NOg, allowing for pclyrnA-isation of the latter 
(Ramsay and CundalJ, (Jhem. Sue. Trans. 18!)0, 
37, 690 ; Porschnew, l.c.), borne out by the fact 
that the sjiectra of NOg and gaseous arc 

identical (Moser, Wied. Ann. 1877, 2, 139), 
while the blue liqifid has no definite b.p. At 

— 21°, however, its coinjiosition is very closely 
NjOg (Franccsconi and {Sciacea, Gazz. chirn. ital. 
1904, 34, 1, 447). Prom the vajioiir pressure 
curves between - 80° and 35° the b.p. of ])ure 
nitrogen trioxide would ajipear to be — 27°/760 
mm. By prolonged drying over phosphoric 
oxide, H. B. Baker and M. Baker found that its 
temperature could be raised to 43° before any 
sign of ebullition could be detected ((3iem. Soc. 
Trans. 1912, 2339). M.p. -103° (Wittorff), 

— 111° (Holbig) ; sp.gr. at 0“ 1-4490 (Geuther, 
Annalen, 1888, 245, 90). 

Pure nitrogen trioxide can exist only at very 
low temperatures in tlic solid state, or in the 
liquid state under pressure of nitric oxide. At 
temperatures above —100° it dissociates. It is 
not po8.sible to distil it in a vacuum because of 
the immediate formation of an atmosphere of 
nitric oxide at temperatures at wliich distillation 
is possible (Bauine and Robert, Coinpt. rend. 
*1919, 109, 908). 

The discovery that dis.«ociation of am- 
monium chloride and other substances docs not 
take place in complete absence of moisture led 
to a similar investigation of nitrogen trioxide 
(Baker and Baker, Chem. Soc. Trans.*"' 1907, 
1862). Bulbs containing known weights of the 
carefully prepared and dried liquid were broken 
in a Lunge nitrometer tfver dry mercury (which* 
is practically unaffected), and the densities so 
found varied from 43*2 to 48-0, that of un- 
dissociated being 38. On admitting con- 

centrated H2SO4 absorption took place so 
rapidly that the impact of the mercury en- 
dangered the tube, whereas a mixture of NO*! 
and Njt)^ is only comparatively slowly absorbed. 
Further determinations with a special V. Meyer 
apparatus {ibid. 1900, 047) varied from 38*1 to 
62*2, <*116 samples being taken from several 
preparations which had been condensed at 
diffe^-ent temperatures and dried for varying 
lengths of time, and containing varying propor- 
tions of the polymeric NX1 u» which, however, 
was not obtained in the jiure condition. 

In the hope that in solution at low tempera- 
tures the higher polymoride would be present in 
greater amount, molecular weight determinations 
were made in benzene solution, but the values j 
obtained were 83, 83-2, and 95, showing this not 
to be the case. Nitrogen trioxide is without 
action on benzene. 

As usually prepared it mixes with water, 
giving a blue-green Uquid which above 0°, by 


further concentration, evolves NO, and on 
dilution gives nitrous acid ; but according to 
Baker it is practically insoluble in water and 
sinks, forming NO and NjO^, the latter dis- 
solving in the water. 

With concentrated HjjS04, nitrosylsulphuric 
acid {q.v.) is formed. 

Oxygen is withoui action Below —110°. 
Above —100° it is converted into N2O4 (v. 
under NO). As an oxidising agent on metals it 
! behaves as a mixture of NO and NO2, NO being 
I formed at low tem])erature8, and N2 at hightr 
temperatures. Like N2O4 it is absorbed by 
alkalis, but more rapidly, and it is supposed 
that it is the N.^Oj in the equilibrium 

NO+NOj^N,0, 

which is absorbed (r/. Lo lilanc, Zeitseh, Elektro- 
chem. 1906, 12, 544). This is borne out by the 
fact that liquid N4O5 at —22° is instantty 
I absorbed by NaOH, whereas liquid N3()4 reacts 
only slowly (Foerster and Blich, Zeitsch. angew. 
(3iem. 19i(), 23, 2017). Dry nitrogen trioxide 
18 quantitatively absorbed by dry potassium 
hydroxide (Klinger, Zeitseh. angew. Chem. 
1914, 27, 7). 

Its solution in carbon tetraclilorido reacts 
with one of SCtg precipitating sulphomtrous 
anhydride (SO.^),(N 303)2 m needles, m.p. 190°- 
200° ; b.p. 302 -305‘7728 mm. Hence Brovo- 
staye’s nifrosyl sulphate (Ann. Chim. 1840, [ii.] 
73, 362), m.p. 217°-230°; b.j). 360°, is there- 
fore of greater complexity than (SO^jaNgOs, 
probably (fS03)B(N3()3)3. The ieirasnlphak is 
also known (Pictet and Karl, Bull. 80c. chim. 
1908, I iv.] 3, 1114). 

Nilrosyl perchlorate NO‘()(3() j’HaO sepa- 
rates in leaflets when NgOa is passed into 
concentrated perchloric acid (Hofmann and 
Ledtwitz, Ber. 1909, 42, 2031). With un- 
saturaied carbon compounds it forms additive 
compounds. 

Nitrogen peroxide, or tetroxide (' hyponitrio 
acid ’). This oxide is only capable of existing 
as NO2 in a pure condition within narrow limits 
of temperature. At Ioav temperatures the 
polymerised jiioduct N2O4 is the stable form, 
which dissociates on rise of temperature into 
NG’j, but this in turn is easily dissociated on 
furMier rise of temperature into NO and oxygen. 
For its decqmposition under the influence of the 
electrical glow, see Zenneck and iSWasser, Zeitsch. 
pbysikal. Chem. 1911,12,1201. 

'! Pr^'paralion.— lt is jiroduced by oxidation of 
nitric oxide with oxygen, as first shown by Gay 
Liissac, and thus results on oxidation of nitrogen 
with excess of oxygen under ordinary conditions. 
NG and O2 in the proportion 2:1, dried and 
well mixed by passing througli a tube filled 
with gla,s.s or porcelain fragments, condense at 
—20° to a colourless crystalline mass of N204 
(Dulong. Ann. Chim. 18*16, [ii.] 2, 317; 
P^ligot, ibid. 1841, [iii.] 2, 58). Similarly the gas 
resulting from tlfe action of concentrated nitric 
aejd on arsenious oxide is converted by excess 
of oxygen into N2O4. 

Maiidl and Russ (Zeitsch. angew. Chem, 
1908, 21, 486) state that the rate and extent of 
union of NO and Og is affected by the character 
of the oxygen ; for example, electrolytic oxygen 
is mpre active after passing over^heated palla- 
dium, and ozonisation retards the action. 
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Atfcording to Holwech {ihid, 2131), however, 
this is not the case, union being practically 
complete in each instance, and the velocity of 
reaction the same with oxygen from all sources. 

A good yield of NOj is said to be obtained 
by passing air and steam through a thin-walled 
porous porcelain tube at 11100°, the diffusion 
of the hydrogen formed being increased by 
raising the inside ])ressure and lowering "that 
outside the tube (Wcstdeutsohc Thomasphos- 
phatwerke, J). K. P. 182297). 

• It is also obtained by passing nitric acid 
vapour through a hot tube, and by heating 
metallic nitrates, , 

Pb(N03),=Pb0+0-l-2N02 

Those of the alkalis evolve NOg when electro- 
lysed in the fused condition (Bogorodski, J. Buss. 
Phys. (diem. Soe. 1905, .d7, 7d.‘l)., It is formed 
by union of N2O., and Also by treating 

with fuming sulphuric acid a homogeneous 
mixture of alkali nitrate and nitrite, made by 
fusing the salts together or ])ouring the fused 
mixture into carbon tetrachloride. 

NaN 03 4- NaNO, -} H ..S.l ), -- 2 NaH,S 04 -f 2 NO 2 

Suffiiuent NallSO^ from a previous preparation 
is added to fix any free 80^ present— 

2NaH 80, -1 - ^0,-= Na 38.0 7+ 11 ..80, 

( IVinans, I). B. P. 1 98(i9fi). 

It is evolved on warming chamber crystals 
W’ith ICN0;„ thus : 

N03\S03H-fKN0.-2N0o+KH8(), 
and by the action of nitric acid on nitrous 
acid or a nitrite — 

HNOj-f K-N0.2-R-0H4 2iSl./)2 
(Girard and Pahst, Bull. 8oc chiin. 1878, [ii.] 30, 
631). 

Properiirs. — At ordinary temperatures an 
orange-coloured corrosive gas of peculiar and 
unpleasant odour. At higher temperatures it 
becomes much darker in colour, turning lighter 
again on furtlier rise, and finally colourless when 
dissociation into NO and oxygen is complete. 
It condenses to an orange-yellow liquid, b.j>. 
26°-26° (Hasenbach ; Bruni and Berti, Atti K.* 
Accad. Lincei, 1900, [v.! 9, i. 321); 2 j*' 97° 
(Thorpe and Kodger, Phil. Trans. 1804, *(51) ; 
21*2° (Scheffer and Treub, Pro#. K. Akad. 
Wentensch Amsterdam, 1911, 14, 636). For 
the influence of prolonged contact wi^^b phos- 
phoric oxide in modifying the b.p.,of nitrogen' 
peroxide, see H. B. Baker and M. Baker (Ic.). 
At 10° it is pale yellow, and when solid cejour- 
less. M.p. —10*1° (Kamsay, Zeitsch. physikal. 
Chem. 1890, 6, 221), —10*96° (Bruni and I>erti, 
/ c.), —10*8° (Scheffer and Treub {l.c.), —10*5° 
(Egerton). Critical temperature 171*2°, 158*2° 
(Scheffer and Trepb) ; critical pressure 100 1 2 
atmospheres. 

In the solid state it probably exists entirely 
as N2O4, and almost entirely so in the liquid 
state, though not ascertained by exjieriment. 
In the gaseous state and in solution, however, 
its behaviour is accurately known from its 
‘ vftpour density measurements, which are in 
accord with the conclusions drawn from other 
physical properties, such as absorption of 
fight, conductivity for heat, and specifidiheat. 
T^e vapour pressure of nitrogen peroxide has 


been studied by Guye (J. Chim. Phys 1910, 8, 
473), Scheffer and Treub (Proc. K. Akad. 
Wfttensch. Amsterdam, 1911, 14, 5.36), Russ and 
Eberwein (Zeitsch. physikal. Chem. 1913, 82, 
217), and Egerton (Chem. Soc.#Tran8. 1914, 105, 
647). The following table given by Egerton 
shows the vapour pressure of solid nitrogen 
peroxide for every 10° below —30,? down to 
-100°, calc, by log p -=14-9 1 66 +0(0 0604) 


Temp. 

Press in mm. 


Temp. 

Press, in mm. 

-30° 

.39 24 


-70° 

0-151 

-40° 

9-77 


-80^ 

0-036 

-.60° 

2-4^> 


-90" 

0-0093 

‘ -60° 

0-(H)6 


-100° 

0-0023 

A(‘C()rding 

to 8ch('ffer and Treub 

the vapour 

pressures at higher temperatures are i 

as follows - — 

* 

mm. 



mm 

- 3(i-0 

18 


7-7 

293 

23-0 (solid)- 63 

1 

1 

15 0 

566 

23-0 

70 

! 

21*45 

> 770 

-10-0 

146 


27-4 

1007 

- 6-9 

180 

i 

.39 0 

1668 

- 0-6 

266 

1 

43*2 

1982 


The liquid is not jiolymerised further than 
N2O4 nor iH the gas, a.s shown by its molecular 
weight in acetic aoul (Ramsay and Shields, ibid. 
1893, 12, 433; Rains,\v, (fiicm. 80c. Trans. 
1888, .63, (k21). 

Its furilKT dissociation into nitric oxide and 
oxygen is accurately known from its density. 

-5“ -2" 0" .6° J0° 15* 

8p.gr 1*5035 1 •6020 J *1936 1*4880 1*4770 1*4740 
(Gcuther, Aiinalen, 1888, 246, 90). At 0° 
1-4903; at 21 -6" 1-4396 (Thorpe, Chem. Soc. 
Trans. 1880, 37, 224) ; r/. Bousfield, Chem. Soc. 
'ITaus. 1019, 47. 

3’horpe (ind.s the expansion of liquid N2G4 
to be very regular, 1 vol. at 0" becoming at 
5° to* 15“ 20® 

1 -00789 1 01 673 1 02370 1 *03196 

Pasc.fl and Gamier (Bull. Soe. ehim. 1019, [iv.] 
26. .309), find that the density of nitrogen 
peroxide between 0° -2l*5" may bo represented 
by the equation 11/^=1*490 - 0*002 15f The 
vapour densities found by various observers 
have been collected by Sclireber (Zeitsch. 

I physikal. Chem. 1897, 24,^651 ),«nd the dissocia- 
j tion constants calculated. The following values 

1 of K=[N.204]^/[N02l arc given— 


e “ 

K 

0-0 

8-060 

18-3 

3 710 

49-9 

1-116 

73-6 

0-644 

99-8 

0-273 


At 64° one-half of % N^O^ mols are dissociated, 
and at 160° they are wholly dissociated {v. also 
Bodenstein and Katayama, Zeitsch. Elektro- 
chem 1 909, 1 6, 244). Abo ve 1 50° decomposition 
into NO and oxygen takes jilace, and at 620° is 
practically complete. At 184°, 5 p.c. is dis- 
sociated, and at 494° 56-6 p.c (Richardson, 
Chem Soc. Trans. 1887, 51, 397). Sp.ht. of 
liquid 0*477° (Ramsay, Zeitsch. physikal. Chem. 
1890, 5, 221). 

Apparently anomalous values, obtained by 
BerSielot and O^ier (Ann. Chim. 1883, 30, 
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382) for the sp.ht. of the gas, are explainable 
by its dissociation (Swart, Zeitsch. i)hysikal. 
Chem. 1891, 7, 120). 

Heat of formation 2N 4-40 — —3900 cal. 

(Thomsen) (9 p.(^ NOj, 91 p.c. N 2 O 4 ). Heat of 
dissociation about —13,000 cal., and calculated 
heat of formation of undissociated NaO* —2650, 
and of NOg —8125 cal. Heat of formation of 
liquid —2200 and -2500 cal. (for NOo ---46 gr.) 
(Bertholot, Ann. Ohim. 1875, [v.) “ 6 , 145): 
heat of vaporisation at 180'" - 4300 cal. Latent 
heat of fusion —32-2 to — 37-!: cal. ; calculated 
from freczmg-point lowering, — 33’7 (Ramsay, 

I.C.). „ 

The heat conductivity values also reveal its 
dissociation (Fehciani, (Ihem. Zentr. 1905, i. 
331). At 150^, the conductivity of NO, is 
0-0033. 

Refraction oquiValent of li(iuid 11 - 8 , dis- 
persion equivalent 0-82 (Gladstone, Ghcm. Nows, 
1887, 55, 300). Refractive index (d va])our at 
36*^, 1 -000503 (J)ulong ; v. Zeitsch. ])hysikal. 
Chom. 1901, 36, 332 ; cf. (i. and M (hithbertson, 
Rroc. Roy. Soc. 1913, A, 89, 361 ). For the 
spectra of nitrogen ])eroxide, r. Roll (Amor. 
Chern. J. 1885, 7, 32). The vapour does not 
conduct electricity, and the liquid only slightly. 

Dielectric constant (?’ liadeker, Zeitsch. 
physikal. Chem. 1901, ;? 0 , 305). 

Chemical jyropcrlips. — It is reduced to 
ammonia if passed with hydrogen over platinum 
black (Kuhlmann, Annalcn, 1839, 29, 272), or 
over reduced nickel or ciqiper (Sabatier and 
Senderens, Ooinjit. rend. 1902, 135. 278). 

Carbon, sulphur and phosphorus burn in the 
gas, carbon monoxide burns to ('(),, and 
hydrogen sulphide to sulidiur, with lormation 
of NO. 

Potassium burns with a red flame, and 
sodium, tliough not igniting, deeom])oHes the 
gas at the ordinary temperature, while many 
metals and lower oxides are oxidised on heating 
to 500“^, and some metals form additive com- 
pounds (‘iiitro metals') with the Jiquid 
N 204 (Cu 2 N 02 ,Ni 4 N 02 ) similar to the earbpnyl 
compounds (Sabatier and Senderens, Ann. 
Chim. 1896, [vii,] 7, 348). Other metals, 
such as K, Na, Hg, PR, form the nitrate wuth 
production of NO. It also forms additive com- 
pounds with many metallic salts (FeCls-NOg, 
SnCl 4 -N 02 , &cd (Thomas, i.b}d. 1898, [vii.j 13, 
145) and with uiisaturated organic compounds 
(nitrosates). 

With water N 2 O 4 exhibits its mixed anhy- 
dride character. With small quantities of water, 
however, the reaction 

^ 2 N 2 O 4 +H 2 O-N 2 O 342 HNO 3 
takes place at low temperatures, two layers 
being formed, the lower, deep blue N 2 O 3 . 
Further dilution converts the nitrous anhydride 
to nitrous acid, which on rise of temperature is 
decomposed with evolution of NO (Schonbein, 
Pogg. Ann. 1848, 73, 326). Cf. Oddo (Gazz. chim 
ital. 1916, 45, i. 413) who flnds that nitrogen 
peroxide tends to form a hydrate to wliich he 
gives the name of nitrosic acid and the con- 
stituted 0 : N(OH)<^>N : OH, and to nitro- 

gen peroxide the structure 0 : N^~ 4N : 0 . 

^ - 


With aqueous alkalis, a mixture of nitrite 
and nitrate is formed (t». also under N 2 O 3 ). 
Metallic oxides under pressure form the nitrate 
only, evolving NO. BaO, however, according 
to Dulong, forms a mixture of nitrite and 
nitrate at 200° (Annaloii, 1862, 122, 18). 

Liquid ammonia reacts explosively with 
solid N 2 C 4 at —80°, but a current of gaseous 
NHg led over the solid at — 20 ° reacts less 
vigorou«ly, and the products are Ng, NO, HgO, 
NlliNO, and a trace of NH^NO., (Besson and 
Rosset, (Jompt. rend. 1906, 142“ 633). 
oxygen docs not oxidise it, but ozone converts 
it t() the ]»ento\id(‘. In preseneo of water, 
oxygen and oxidising agents convert it into 
nitric acifl. It is absorbed by dilute and con- 
centrated IINO 3 (e. Weber, Pogg. Ann. 1867, 
130,277; Limge, Ber 1879,12.1058; Bousfiold, 
Chem. Soe. Trans. J919, 45). 'I’he density of 
nitric acid .sliows a marked inert‘asc with the 
addition of iiilrogeii ])croxide fr/. Lunge and 
Marchlewsky, Zeitsch. angew. Chem. 1912, 10), 
reaching a maximum when the mixture contains 
about 42-5 p.e. by weght o1 the peroxide, 
corresponding to N 205 ,N 204 -H 20 , stable at 
— 48'5'^', above w'hieh temperature it dissociates 
(Bascal and Gamier, l.c.). With SO^ and SO 3 
it gives various substances of not very clearly 
dcliried character (Weber, l.c. ; Hasenbach, 
J. pr. ('hem. 1871, fii.] 4, 4; Friedburg, Chem. 
News, 1883, 47, 52). With siilpliuric acid it 
forms mlrosyl-aidphuric and 7i}tnc acids, 

Il2S()4 + N2()4 -:N() 2 -S 03 H + HN 03 
(Lunge, Bcr. 12, 357). 

it 1ms been used as a solvent for cryoscopic 
measurenimits. Molecular raising of b.p. 13-7°, 
molecular lowering of freezing-point 41° (Ram- 
say, Zeitsch. physikal. (.9iem. 1890, 5, 221 ; 
Kraiikland and Farmer, Cflimn. Soc. Trans. 1901, 
79, 13.51); Brum and Berti, Gazz. chim. ital. 
1900, 30, 11 . J51). The liquid has been used 
in explosives (Settliek, (fliem. Zentr. 1888, 461). 

Constitution . — The formula of the dioxide 
may be written — 

“d -0-N=0 

r . ^ 

and*chat of the tetroxide — 

O 2 02“N-0-N=0, 0-N-0-N=0 

The reaction with water favours the second of 
these. l’iV>Cy Schwerin (Ber. ]IK)1, 34, 
1884 and 2354) suggest 0— N - 0 as the formula 
for the dioxide ; but Divers (Chem. Soc. Trans. 
1904, 110) jirefers the formula G— N=0 for the 
dioiide, and for N 2 O 4 advances reasons in 
favour of the formula (NOlgOg, ‘ di-nitrio 
peroxide.’ 

Pure nitr(%en peroxide ijoes not react with 
cold aromatic hydrocarbons. With benzene at 
80° the main projlucts are 1.3. 5- trinitro benzene 
and picric acid. Nitrobenzene is indifferent 
at 80°. Phenol dissolved in a cold mixture of 
benzene and light petroleum is reSldily nitrated 
to o- and p-nitrophenol. 'o-Cresol gives 0 - and 
p-nitro-o-cresol ; w-cresol yields 0 - and p-nitro- 
m-cresol, whilst the p- compound gives o-nitro- 
p-cresol and o-dinitro-p-cresol. 1.3.4 wi-xylenol 
is cisiverted into the corresponding 6 -nitro- 
compound. 
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' a Naphthol gives a mixture of 2-nitro- 
a-naphthol and 2 4-dinitro-a-naphthol. Acet- 
anilide in ethereal solution is transformed into 
benzene-diazonium nitrate. Diphenylamine in 
ethereal solution yields diphenylmtrosamine ; 
in benzene solution it gives p-nitrodiphenyl- 
nitrosamine (Wieland, Ber. 1921, 64, 1776; 
J. Soc Chem. Ind. 1921, 40, 763, A). A con- 
sideration of these reactions leads to the 
formula 02N'N02 as the most probable con- 
stitution of nitrogen peroxide, which is also in 
Accord with its other reactions and its dis- 
sociability ■. its decomposition by allcali is then 
analogous to that of other symmetrically - 
paired atoms or radicles, e.g. cyanogen to cyanide 
and cyanate, chlorine to cidoridc and hypo- 
chlorite. 

iso- Nitrogen tetroride. — According to Raschig 
(Chem. Zeit 1907, 31, 359), th^ red vapours 
formed from nitric oxide and air are of different 
compo.sition from that usually accepted, the 
first product being ^.fo-nltrogen tctroxide («) 
distinguished from the ordinary tetroxido (b) 
by its reaction with sodium hydroxide — 

(e) N204+2Na()H--2NaN(),> -hiIo() I 0 

(6) N204+2Na()H- -NaNOa+NaNOjH H./) 

With larger excess of oxygen the iso-pcnloxide 
and a hezoxide and hejdoxide are said to be 
formed — 

No05+2NaOH-NaNOo+NaN03-|-H20+0 
Na()«+2NaOH--2NaN6o + H.d)+3() 
Na0,+2Na0H-NaN()2+NaN03+H20+30 
((/. Midler, Zeitsch. anorg. Chem. 1912, 76, 
324; ibid. 1914, 86, 230; Raschig, ibtd. 1913, 
84,116). 

According to Muller the green sub.stancc, j 
assumed by Rascliig to be NOg, is a mixture. | 
The colour may be exactly imitated by dipping | 
a test-tube containing liquid air in liquid j 
nitrogen trioxidc, and after a frozen layer has 
been formed, in liquid nitrogen tetroxide. The 
two layers of blue and yellow give a green, which 
is exactly similar to that of the supposed 
hexoxide. 

. Nitrogen pentoxlde, nitric anhydride N.^Og, 
may be prepared as follows : — * 

(1) By oxidation of nitrogen peroxide Vith 
ozone (Helbig, Atti R. Accad. Lincoi, 1909, |v. | 
12, i. 211 ; Zeitsch. Elektrochem. 1906, 12, 
560). 

(2) As first prepared by Deville (Ann. Chim. 
1849, [hi.] 28, 241) by action of ^)ry chlorine? 
on silver nitrate warmed to 50°-60°. 

' 4AgN03+2Cl2 =,4Ag(3+02+2N205 * 

the gaseous product being condensed in a 
freezing mixture. 

(3) Most conveniently, as first obtained by 
Weber, by dehydration of pure citric acid with 
pho.sphorus pentdxide, with constant cooling 
(Meyer, Ber. 1889, 22, 23). 

The syrupy liquid produced is poured into a 
dry retort and distilled into a receiver sur- 
rounded by a freezing mixture. The orange- 
red distillate sepaiiates into two layers, the 
upper of which is poured into a separating 
funnel and cooled in ice. The crystals formed 
are drained, again melted and crystallised and 
drained frojn the mother liquor • 

The operation is facilitated by performipg 


the operation in a current of ozonised oxygen, 
which prevents decomposition into oxygen and 
lower oxides of nitrogen; to remove the last 
traces of moisture the gases should be passed 
through a long tube contajntng phosphorus 
pontoxide. The nitrogen pentoxide is almost 
coinplefely condensed at —80'^ (Russ and 
Pokorny, Monatsh. Chem. 1913, ,34, 1061 ; 
Daniels and Bright, J. Amer. Chem. Soc 1920, 
42, 1131). 

After recrystallisation it is obtained in 
white glistening* rhombic crystals, sp.gr. 163, 
m p. 29'5° (Berthelot, Bull.' Soc. chim. 1874, 
Jii ) 21, 53) It boils with decomposition into 
1 N.3>4 and oxygen at about 45''. It darkens in 
I colour on rise of tcmj)erature, the crystals 
becoming yellow some time before melting, at 
which point it is orange coloured, further 
turning dark- brown a.s tlio temperature rises. 
The vapour jiressure of nitrogen pentoxide is 
given by the formula — 

log Pmm=1244/T-f 34T log T— 86*929 

(Daniels and Bright, J. Amer. Chem Soc. 1920, 
42, 1131). Calculated molecular heat of fusion 
-- 8280 cal,, and heat of evaporation —4840 cal. 
Heat of tormation of solid NgOj 13,100 cal. 

' (lierthelot, Ann. Chim Phys 187.5, [v.J 6, 202). 
Hence heat of formation of gaseous N2O5 is 
practically nil. Heat of sublimation for various 
absolute tem])eraturcH : 263'', 12,360 cal. ; 

27:P, 12,760; 2H3“, 13,360; 293° 14,140 

(Daniels and Bright, l.c.). Heat evolved 
with one molecule of water, 2300 cal Heat of 
solution in excess of water 16,200 cal. (Berthelot, 
U.). 

N./J5 dis.solves in water giving nitric acid. 

It ha.s no action on carbon or metals. It is 
useful as a nitrating agent. For this purpose, 
Cibson (Proc. Roy. Hoc. Edin. 1908, 28, 7oS) 
gives details for making large quantities. It 
diissolves in freshly distilled and fu.sed sulphur 
trioxide, giving a practically pure product in 
almost theoretical yield, b.p. 218°-220“; m.p. 
124°-' 128' , which is also obtained as a crystalline 
precipitate on mixing carbon tetrachloride 
solutions. Its formula is (80,3)4 'NgOj, ^-^^d its 
probable constitution-*- 

..^803*()-S0,*0*N0a 
^ NS0.,'0-S0“*0’#(), 

(Pictet and Karl, Compt. rend. 1907, 145, 238). 

Nitrogen hexoxide . — Hautefeuille and Cbap- 
puis observed a characteristic absorption 
spectrum during the pa.ssage of a silent electric 
discharge in air (Oorapt. rend. 92, 80 ; 94, 946, 
1306). Warburg and Loithiiuser (Sitzungsber. 
Akad. Wiss. Berlin, 1907, 229) obse^v'ed the 
same from ozone and NgOs at 0°-18”. It is 
suggested that it is due to a higher oxide, probably * 
NjOft. (r/. Muller, ^eitsch. anorg. Chem. 1912, 
76, 324). 

Nitrous acid HNOg. Nitrous anhydride 
dissolves in excess of ice-cold water with pro- 
duction of this acid. The solution, however, is 
extremely unstable {cj. Knox and Reid, J. Soc. 
Chem. Ind. 1919, 38, 105, T), but its metallic 
and ethereal salts are comparatively stable. 

Nitrites are found to some extent in nature, 
and occur in the sap of certain plants (Maz6, 
Compt. rend. 1912, 155, 781 ; Bach, Bioohem. 
Zeilsch. 1913, 62, 418 ; Klein, Bied. Zentr. 
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1916, 44, 162). Their universal presence in air 
has been shown by Sohonbein (Chem. News, 
1862, 24]), Warington (Chem. Soc. Trans. 1881, 
220), and Hayhurst and Pring {v. under Nitro- 
gen). • 

All nitrites are soluble in water, ^nd the 
majority dissolve in alcohol. 

Preparation , — Alkali and alkaline earth 
hydroxides and carbonates absorb NgO^ and 
NgOg, in the first case, giving a mixture of 
nitrite and nitrate, and in the second case, if 
N(^ be present in slight excess, practically pure 
nitrite (Divers, Chem. Soc. Trans. 1899, 75, 85). 
The acid may be obtained in solution by thtu 
action of dilute suljihuric acid ujion a solution 
of barium nitrite. On the commercial scale, the 
nitrous fumes electrically produced from the air 
are kept at 300"’ untd absorbed, whereby 
oxidation of the NO only proceeds as far as 
NjOa, and on absorption (in strong nitrite 
solutions, which have low vajiour tensions) 
pure nitrite is produced (Badische Amlin u. Soda 
Pabrik, I). R. P. 188188). 

For the formation of ammonium nitrite, see 
Ray, Chem. Soc. Trans. 1909, 95, 315 ; Neogi 
and Adhicary, ibid. 1911, 99, 116. 

Nitrites are obtained by reduction of ml rates, 
and also by oxidation of nitrogen coinjiounds 
richer in hydrogen. . 

For the formation of nitrites from nitrates 
in a({ueous solution under the action of sunlight, 
see Moore, Broc. Hoy. Soc. 1917. For their 
photochemical assimilation, see Baudisch and 
Mayer, Zeitsch. jjliysiol. Chem. 1914, 89, 17.5. 

Many nitrates are reduced to nitrites by 
fusing with lead, eo])])er, carbon (Fischer, P(>gg. 
Ann. 1848, 74, 1 15), sulphites (Ftard, Bull. Soc. 
chim. 1877, [ii. 1 27, 434), sul])hidcs (Roy, Comjit. 
mend. 1889, 108, 1261), and m solution by re- 
duction with Na, K, t^a and other metals 
(Sohonbein, .1. pr. Chem. 1868, 105, 206), and 
further by electrolytic reduction, the conditions 
for which have been worked out by Muller and 
Weber (Zoitsch. Flektrochem. 1903, 9, 95, 'i, 978) 
and Muller and Spitzer (ibid. 190.5, 11, 917). 
Silver is found to be the best cathode, reduction 
to nitrite being almost complete before further 
reduction to ammonia 'cakes ])laee. Dsing a 
copper anode the yield is almost quantitative. 

Nitrites arQk„aiso produced by oxidation of 
ammonia with hydrogen peroxide (Weith and 
Weber, Ber. 1874, 7, 1745; Hoppo-Seyler, ibid. 
1883, 10, 1916). 

According to Oswald (Ann. Chim. 1914, fix.] 
1, 32), the only practical method for the pre- 
paration of pure nitrites of the alkali and 
alkaline-earth metals is by double decomposition 
of silvA' nitrite with the chlorides of tho.se 
metals. 

Stfnonbein has shown that copper is oxidised 
when immersed in aqueous ^immonia in contact 
with air, whilst the ammonia is at the same 
time oxidised to nitrite, and Traube and Biltz 
(Ber. 1904, 37, 3130; 1906, 39, 166) have 
studied the electrolytic oxidation of aqueous 
NaOH containing ammonia, in pre.seiice of 
copper hydroxide as catalyoer. With a current 
strength of 5-15 amperes and platinum or iron 
electrodes, practically the whole of the anode 
oxygen is used uj) in converting the ammonia 
present into nitrite. The final product is nitrate. 

Properties, — Though very pnstable in solution 


it is chemically a fairly strong acid, about 
20 times as strong as acetic acid. Tt is slowly 
displaced from solutions of its salts by carbon 
dioxide (Moore, J. Amer. Chem. Soc. 1904, 26, 
959). 

The velocity constant of decomposition 
=0-00014 at 0", 0*00022 at 2r, and 0-00057 
at 40^^ I Ray, Dcy and Ghosh, Chem. Soc. 
Trans. 1917,413). 

Conductivities at dilutions of 512, 1024, and 
1.536, arc 15()*7, J89, and 217*0 respectively 
(Schumann, Ber. 1900, 33, 527). Calculatea 
velocity of nitrite ion 64*5 (Pick finds 63 from 
AgNO.j, and Vogel (Zeitsch. anorg. Chem. 1903, 
35, 385) 61-7 from Ba(N().,)2), and dissociation 
constant 0-0004.5 at 0‘'=()+ 10« (Ray, Dey and 
Ghosh) ; Bauer (Zeitsch. physikal Chem. 1902, 
41, 681) finds 0-00064. 

Heat of neutralisation (with baryta) 10,600 
cal. (with ammonia) 9100 cal. (Berthclot, Ann. 
(‘him. 187.5, [v.] 6, 145). 

Heat of formation 

N-fOa+H+Aq-HNOo-f 30,770 cal. 

'I’he aqueous solution on warming evolves NO 
leaving nitru; acid 

3HNO2-HNO3-h2NO+H20 
this decomposition proceeding in the cold in 
presence of rough surfaces (sand, glass frag- 
ments, &c.). For tlu! dynamics of the equili- 
brium, V. SaposhnikolT Russ. Phys. Chem. 
Soc. 1901, 33, 506), Lewis and Edgar (.). Amer. 
Chem. Soc. 1911, 33, 292), and of the decomposi- 
tion of silver nitrite, Ahegg and Pick (Zeitsch. 
anorg. ('hem. 1906, 51, I). 

4'he solution of the acid is more stable in 
jiresence of nitric oxide under pressure. This 
fact has been ajiphed 1o the diazotisation of 
dinilroanihne, tribromoanilmc, and p-sulpho- 
benz(uicaz()-a-na])hthv]amine (Briner and Jonas, 
Hclv. Chim. Acta, 1920, 3, 366). 

It IS completely oxidised to nitric acid by 
the usual oxidising agents. Its oxidation by 
hydrogen peroxide and subsequent precipitation 
with ‘ nitron ’ ae-ctale is recommended by 
Busch (Ber. 1906, 39, 1401) as a good method of 
estimation. An excellent precipitant for nitrites 
*is 2 : 4-diammo-6-hydroxvpyrimidine sulphate 
(HaJyn, Ber. 1917, 50, 705). (For its detection 
and estimation, v. under Analysis.) 

It also behaves as an oxidising agent, being 
itself reduced to NO, H2N2O4, N2O, NHgOH, 
ov evei^ further to Ng and NH., by reducing 
agents suck as stannous chloride, hydrogen 
sulphide, sodium amalgam (Divers, Chem. Soc. 
'rians. 1899, 75, 87), and by electrolytic reduction 
(Tanata;, Ber. 1896, 29, 1039). 

I'ho primary reduction product appears to 
bo the radicle NOM', which -gives hyponitrite 
by conden.sa^ion, and hydroxylamino and 
ammonia by reduction (v. ynder Hyponitrous 
acid). 

With hydrazinr^ the following quantitative 
reaction takes place — 

NgH^-l-HNOa^NaO-fNHa+HjiO 
There is no evolution of nitrogen as Girard and 
Saporta (Bull. Soc chim. 1904, [iii.] 31, 905) 
state (Francke, Ber. 1905, 38, 4102). 

ConstiiuUon. — "The molecular weight from 
cryosibpic measurements in aquequs solution 
is in accordance with the formula HNOj 
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(Saposhnikoff, J. Russ. Phys. Chem. Soc. 1909, 
41, 1704). 

In most of its reactions its behaviour indicates 
the constitution 0=N*0H, but it may have 
the constitution Oa^N*H. I’he fact that many 
nitrites readily evolve NO.j on beating, and 
give nitroparaffins with alkyl iodides, w^ould 
suggest the latter to be correct (Divers, Chem. 
Soc. Trans. 1885, 47, 205 ; Kieseritzky, Zoitsch. 
physikal. Chem. 1899, 28, 421 ; Baudisch, Ber. 
1916, 49, 1176). As, however, alkyl nitrite is 
Wso produced in yield which vanes with the 
alkyl iodide used, this latter reaction affords no 
definite duo to its constitution. 

Ley, on the other hand, shows that mercurous 
nitrite exists in solution as an oxy salt (Ber. 
1899, 32, 1357), and the reduction of nitrous 
acid to hyponitrous acid also points to an oxy- 
structuro. , 

Acid Halides op Nitiious Acid. 

Nitrosyl fluoride NOF is prepared by the 
action of nitrosyl chloride on silver fluoride. A 
small flask containing N()(’l cooled to —5'^ is 
attached to one end of a long platinum tube 
containing the silver fluoride, and kcfit at 200'~ 
250", and the NOCl slowly distilled through. 
The product is condensed in a small platinum 
flask cooled in liquid air, and on fractionation 
gives a colourless gas, -56'^ ni.p. —134". 

In the cold, silicon, boron, red jihosphorus, and 
sodium take fire in the gas, and antimony is 
at once acted on, the fluoride and nitric oxide 
being formed Lead, aluminium, bismuth, and 
copper are slowly attacked, but iodine, sulphur, 
and carbon do not react even on heating. 
Brown fumes arc produced in nioi.st air and 
with water, hydrofluoric and nitrous acids being 
formed. Its analysis and vapour density 
(1 ’683 air— 1) are in agreement with the formula 
NOF. It closely resembles mfryl jliioruk 
NOgF {q V.) in chemical and ])hysical projierties, 
but differs from it in its behaviour towards 
water and iodine. It gives additive compounds 
with arsenic and antimony pcntafluorides (Ruff 
and Stauber, Zcitsch. anorg. (jhem. J905, 47, 
190 ; Ruff, Stauber, and Graf, ibid. 1908, 58, 
325). • 

Nitrosyl chloride NOCl is obtained— • 

(1) By direct union of NO and chlTirino 
(Gay Lussao, Ann. Chim. 1818, [iiij4‘93, 20.3). 

The best procedure is to pass a mixture of the 
dried gases in the proportion of 2 : 1 over finely 
granulated animal charcoal at 40\60 , under* 
slight pressure (Francesconi and Bresciani, Atti 
R. Accad. Lincoi, 1903, [v.] 12, 1175). Acqord- 
ing to Briner and Pylkov (J. (diim. phys. 1912, 
10, 640) the charcoal is not really necessary^nd 
does not affect the yield. 

Its formation at low temperatures has been 
studied by Boubnoff and Guye (tf. Chim. Phys. 
1911, 9, 290). Alter removing excess of NO 
at —160® to —150®, an excess of chlorine (3 4 
p.o.) above that required for the formula NOCl 
always remains, but is expelled at — 80®. Accord- 
ing to Trautz, the equation 2N04-Cl8=2N0Cl 
does not satisfactorily explain its formation at 
all temperatures. Between —72° and 40® the 
product consists practically of NOCl. At higher 
temperatures it is mixed with a gas richer in 
nitric oxidej, perhaps (NO).jCl or (N0)3C1> and 
may be also with a gas richer in chlorine, perhaps 


NOCl 2 {cf. Coates and Finney, Chem. Soc. Trans. 
1914, 2444 ; Wourtzel, J. Ciiim. Phys. 1913, 11, 
214). Tilden and others have shown that no 
higW oxychloride exists, and this is confirmed 
by the liquidus curve, which,, however, denotes 
the existence of a highly dissociative additive 
compoimd, probably NOCFClj, at about —109°. 

(2) By distillation of aqua regia. , 

(3) By distillation of potassium nitrite with 
]>hosphoru8 pontachloride. 

(4) By heating nitrosyl sulphate with 

sodium chloride. ^ , 

N02-S()3H+N*x(fl=N0CH-NaHS04 
Vrilden, Chem. Soc. Trans. 1874, 030, 852 ; 
Girard and Pabst, Bull. Soc. cliirn. 1878, [ii.] 30, 
531). 

(5) By action of niirosamines on hydrochloric 
acid (Lachmaim, Ber. 1900f 33, 1035). 

(6) By action of hydrochloric acid on Na04 
(Muller, Aiinalcri,* 1862, 122, J), and on NjOg 
(?>. Briner and Wroezynski, under Nitric oxide). 

(7) By action of NO on FeCl^ (Thomas, 
(^oni])i. rend. 1895, 120, 447), 

Nitrosyl chloride is a ruby-red mobile liquid, 
b.p. — 5-6®/75I mm., giving lemon-yellow 
crystals, m.p. - 61® to — (»0®. Critical tempera- 
ture I()3"-164® (Francesconi and Bresciani, l.c.). 
Vapour density (2 ‘29-2*32 at JO®) is in agreement 
with the formula NOCl. * Sp.gr. of liquid 1‘4165 
at -12®; 1*4250 at -15®; 1‘4330 at -18® 
(Geuther, Aiitialon, 1888, 245, 96; cf. Briner 
and J’ylkov, J. Chem. phys. 1912, 10, 640). 

It 18 fairly stable towards heat, dissociation 
being first measurable at 700® (Suclborough and 
Miller, Chem. News, 1890, 62, 1307). 

With water it at once gives nitrous and 
hydrochloric acids, and with metallic oxides 
forms the nitrite and chloride of the metal 
(Sudborough, Chem. Soc. Trans. 1891, 59, 655).* 

It forms double compounds with many 
metallic chlorides, some of which decompose 
on heating, evolving NO 

^ CuCl-NOCl CuCla-fNO 
while others are stable and may be sublimed, e.q. 
— AuClg'NOCfl — and with unsaturated organic 
oonipoiinds forms addition products like NjOg 
and N2O4. * 

With amines nitrogen is evolved and the 
chloride formed 

R-NHg+NOCl-RCH Na-f H„0 

(Solonina, J. Russ. Phys. Chem. Soc. 1898, 30, 
431). For its action on mercaptans, v. Tasker 
and Jones (Chem. Soc. Trans. 1909, 1910). 

Absorption spectrum (v. Magnanini, Zeitsch. 
physikal. Chem. 1889, 4, 427). 

Sulphur trioxido forms nitromjl Mlphonic 
chloride NOg-SOaCl. 

Nitrosyl bromide NOBr is obtained •as a 
dark- brown liquid (IJ by direct union of NO and 
bromine at —7® to —15® (Landolt, Annalen, 
1861, 116, 177); (2) by action of NaBr on 
N02*S08H (Girard and Pabet, l.c. ; cf, Trautz 
and Dalai, Zoitsch. anorg. Chem. 1920, 110, 1). 

It boUs at —2® with dissociation, thus 
differing from the chloride, which it resembles 
in its chemical properties. 

Landolt’s dihromide NOBr 2 and JVIuir’s tri- 
bromide NOBr 2 are mixtures of the monobromide 
with bromine, according to Frolich (Annalen, 
188-^ 224, 270) ; but from an investigation of 
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the fusion-point diagram of the reaction pro- 
ducts of bromine and nitric oxide, Trautz and 
Dalai {l.c.) find that the fusion curve shows* a 
eutectic of bromine and nitrosyl tribromide, a 
maximum at — 4(^° corresponding with NOBrj, 
a second eutectic of NOBrg and NOBr above 
—55°. Nitrosyl tribromide is a brownisn -black, 
almost opaque liquid, which boils, with decom- 
position, at 32°, 2*(i37. 

The corresponding iodine compound has 
not been isolated. • 

Reaction of Nitrous and ^^ulphurous Acids. 

The following equations represent the' 
changes which occur — 

(1) HNOo-f-JJaSOa-iNOvSOaHJnitrosulpho- 
nic acid (I ) ; 

(2) HNO, j-2H2St)3 -H()-N(S03lJ)2 hydro- 
xylamine disulphonic acid (2) ; 

(3) HNOg-f 3112^^0;, — N(8Ck3H)3 mtrilo sul- 
phonic acid (3). 

The existence of (1) was postulated by 
Raschig, but has never been isolated, a mixture 
of equivalent quantities of the two acids giving 
a very unstable liquid, which by further action 
of nitrous acid gives — 

Nitrosisulphoim acid HO.^N’SOsH, also 
obtained by Sabatier (Comiit, rend. 1890, 123, 
255) by reduction of mfrosylsulphuric acid. 

According to Raschig (ijeitsch. aiigew. (*hem. 
1905, 18, 1281) its formation and constitution 
are represented as follows — 

S0.<J5" +H()N0 = 

V, also Lunge and Berl {ibid. 1900, 19, 808, 857, 
and 881). The solution of the free acid, and 
of the copper salt, is blue, 'the iron salt is rod. 

• q Acid hydrolysis of (2) produces successively 
hydroxylarnine sulphonic acid and hydroxyl- 
amine — 

.SO3H HOH /II HOB /H 

NfSOgH N-SO3H N(-H 

\on " OH ^C^IJ 

-fHO-SOall -iHOvSOaH 

Acid hydrolysis of (3) produces successively 
imino sulphonic acid, amyio sulphonic acid, and 
ammonia — 

/SO3H HOH /H HOH /H 
Ni^SOiH -^•'Nr-yO;,!! N^H 

^SOgH '^SO'gH 

+HOSO3H +HOSOaH 
HOH 

-> NH4HSO4 

Hydrolysis by alkalis usually regenerates the 
sulphite and nitrite — 

•/SO3H . 

NfSOgH NC^-f2H-S03H 
. \0H 

For further details, and conditions under which 
these compounds are formed, u. Hydro xylaminb 

Hyponitrous acid H2N2O2. The sodium salt 
of this acid was obtained by Divers (Proc. 
Roy. Soc. 1871, 19, 425) by reduction of the 
nitrate (v. also Maumen6, Compt. rend. 1870, 
70, 146). The free acid is prepared — 

(1) By condensation of nitrous acid with 
hydroxylarnine, usually the sodium or silver 
B^t with the sulphate or hydrochloride, in 
aqueous solution (Wislicenus, Ber. 1893,, 26, 
771 ; Paal, ibid. 1026) or free hydroxylarnine 


and NjOg in methyl alcoholic solution (Kauff- 
mann, Annalen, isfe, 299, 98). 

(2) By oxidation of hydroxylarnine — 

(а) With metallic oxides, as CuO, HgO, AggO 
(Hantzsch and Kauffmann, ibid. 1892, 292, 317) ; 

(б) With sodium hypobromite (Kolotow, J. 
Russ. Phys. Chem. Soc. 1 891, 23, 1,3). 

(3) By reduction of NO, HNO3, and, still 
better, HNO2. A dilute sodium amalgam is used, 
and the temperature kejit low. The hyponitrlte 
is most stable in excess of alkali. After reduction 
any hydroxylarnine formed is destroyed by HgO^ 
and the liquid, after neutralising with HNO?, 
precipitated with AgNOg, or the hydroxylarnine 
may be furilier reduced by sodium amalgam, 
and the ammonia removed by evaporation in 
vacv6 over sulyihurie acid. 

(4) By alkaline hydrolysis of certain oxy- 
amino- eompo*inds, diPNH’SOaH (Divers and 
Haga, Chorn. Soc. Trans. 1899, 77), 

OH-NH-SOaCflHj 

(Piloty, Ber. 1890, 29, 1559); 0H-N=-N0aH 
{(jr.y.) behave in this way. 

The most convenient iirocedure is to treat 
the sodium salt of hydroxylarnino disulphonic 
acid (easily obtained by the action of sulphurous 
acid on sodium nitrite) with concentrated or 
fused alkali, when it is obtained by precipitation 
with AgNOg as the silver salt in 60 p.c. yield 
(K.irschner, Zeitsch. aiiorg. Chem. 1897, 16, 
424 ; V. also Hantzsch ami Sauer, Annalen, 
1898, 299, 89; Wieland, ihid. 1903, 329, 225). 
The methods described for the reduction of 
nitrites by aluminium amalgam, iron hydroxide, 
and fusion with iron tilings are useless. 

The free acid may be isolated by decom- 
posing the silver salt with an ethereal solution of 
hydrochloric acid, and evaporating the filtrate 
in a desiccator. Jt is thus obtained in white, 
crystalline leaflets, very explosive decomposing 
on friction, contact with solid KOII or acid 
vapours, and often sj'ontaneously. 

It dissolves very readily in water, readily in 
alcohol, and is fairly soluble in most organic 
solvents. 

Its decomposition into N^O and HgO is not 
reversible. Small amounts of nitric and nitrous 
aeidi are formed at the same time (v. further 
Ray *and Ganguli, Chem. Soe. Trans. 1907, 
1886 ; Diverst^ Chem. Soe. Proe. 1908, 16). Heat 
of formatjon2N+0 + Aq.=H2N202Aq. -57,400 
cal. (Bed^helot, Ann. Chim. Phys. 1889 [vi.] 18, 
!i71). It c«.n be oxidised to nitric acid by 
bromine and by KMn04. It is not reduced 
by sodium amalgam (Divers), but yields hydr- 
azine with sodium bisulphite (u. Brackel, Ber, 
1900' 33, 2115). 

It forms neutral and acid salts, the latter 
very unstable, only the acid ammonium salt 
being known fn the pure stjite. The neutral 
salts are mostly insoluble in water, and can be 
obtained by preq/pitation. Esters of hypo- 
nitrous acid are obtained by action of the iodide 
on silver hyponitrite. 

The ethyl ester is a yellow oil (Zorn, Ber. 
1878, 11, 1630), and the '^benzyl ester a low- 
melting solid (Hantzsch and Kauffmann, l.c.). 

Comtitution.—The molecular weight deter- 
mined by the cryoscopic method corresponds 
with l|Wi*foimula HjNaOj, which, wi4h its modes 
of ftBWiiation and acid properties points to its 
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being diazodihydroxide. Hantzsoh considers it 
to be the anti-form, assigning the syn-structure 
to the isomeric nilramide {q.v.) owing to the 
great ease with which oven salts of the latter 
evolve NgO in solution — 

N— OH N. N— OH 

' II 11 >0 II 

N— OH W OH— N 

Nitraniide. Hyponltroiis acid. 

Nitric acid HNOg. This is, with tho exception 
df ammonia, the earliest compound of nitrogen 
investigated, its preparation being known to 
the Egyptians, in the ninth century Geber 
obtained it by distilling nitre with blue vitriol 
and alum, and it was known under various 
names, such as aqua fortis, spiritus niiri aciduft^ 
and Hpiriiufi nitri jumam Gkiuben, Its com- 
position was investigated by La^nsier (1770) 
and by Lavoisier and Priestley (1784- 1780). 

Otc.urreym . — it is found in nature in com- 
bination with NH^, Na, K, (Ja, Mg, and in smaller 
quantities with A1 and Ee. it is produced by 
atmospheric electrical discharges, and by oxida- 
tion of nitrogenous organic matter through the 
medium of nitrifying bacteria, siibsoipicntly 
combining with ammonia in the air, and with 
the various bases present in the soil, and occurs 
in largest quantity as (diile saltpetre (NaNO,) 
and Bengal saltpetre (HNOa). 

Preparatum . — Being the highest oxidation 
product of nitj’ogen it is produced by the action 
of suitable oxidising agents upon all tho less 
oxygenated compounds. 

Ammonia is oxidised to nitric acid by 
atmospheric oxygon in presence of catalytic 
agents such as Cu(OH)2, Chi, Pe, Ni, Pt (Kuhl- 
mann, Annalen, 18119, 29, 281 ; Schonbem, J. 
pr. Chem. 1859, 70, 129; Kraut, Annalen, 
1850, 130, 09). Lead manganate and jicrmanga- 
nate, sodium manganate and lead chromate 
also bring about this oxidation (Motay, Ber. 
1871, 4, 891 ; Schwarz, Dingl- poly. J. 1875, 218, 
219) upon which principle the patents of Ostwald 
(Eng. Pat. 608) and Bayer and Co. (D. K. P. 
168272) depend. 

According to Schmidt and Bocker (Ber. 1900, 
39, 1366) the primary oxidation product is NO 
(v. further Smith, Chem. Soc. Trans. 1900,473). 

Ammonia gas is oxidised by heated MliOg 
and Fe203 to ammonium nitrate, and its solution 
by ozone, HjOa, H2Cr04, KMn04, and by 
electrolytic and biochemical oxidation. 

Nitrous acid is similarly oxidise^ to nitric 
acid. Nitrogen and its lower oxides are only 
oxidised by oxygen to N2-04, unless water is 
present, when nitric acid is formed ( c. also Nitric 
Acid, manufacture of ; Atmospheric, Nmio- 
gbn, utilisation of). 

Properties . — By distillation in a current of 
COa, 98 p.c. acid c^an be obtained. Fractional 
crystalUsation gives a product with maximum 
purity of 99*4±0T p.c. Absolute nitric acid 
only exists in the form of snow-white crystals, 
m p. —41°. On melting, a yellow liquid results 
which is a solution of nitric anhydride and water 
in nitric acid (Kustcr and Munch, Zeitsch. 
anorg. Chem. 1905, 43, 360). 

The most concentrated acid may bo obtained 
by distilling the ordinary acid with twice its 
volume of sulphuric acid in a vacuum appl^tus 
of glass, protected frorq light. ^ ^ v ' 


The physical proj^rties show discontinuities 
which point to the existence of various hydrates. 
Thd freezing-point curve, constructed from the 
values of Pickering (Chem. Soc. Trans. 1893, 
63, 436) and Kiister and Kr^mann (Zeitsch. 
anorg. tlhem. 1905, 41, 1), shows two maxima, 
at —18'^ and —38°, corresponding to 
HN03,3H20 . 

and HNOs,H 20 respectively ; and three minima, 
corres] lending to the cryohydrates (1) ice 
+HN03,3H20 (n^p. -43°); (2) 

HN03,3H20-fHN03,H20 
(tfhp. --42“); and* (3) HN0„H,0+HN0, 
(in.j). 

'I'be existence of these hydrates was, however, 
signalised as far back as 1783 by Cavendish 
(Phil. Trans. 76, 1786, 241 ; 78, 1788, 166). See 
The Scicntilic Papers of *1110 Hon. Henry 
Cavendish, Cambridge University Press, 1921. 
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Mj/'' % of HNO, 

According to Erdmann (Zeitsch. anorg. 
Chem. 1902, 32, 431^ Zeitsch. angew. Chem. 
1903, 16, 1001) orthonitiic acid N(OH)5 crystal-^^ 
liscs in needles, stable below —15°, m.p. —36°, 
b.p. 40°-40'6°/13 mni. Octobasic nitric acid 
0[N(0H)4]2, m.p. - 39°, tnbasic nitric &cid 
0=N(()H)3, m.p. --34°, and tetrabasic nitric 
acid (.f[NO(OH)2l2, m.p. -65*2°, are also de- 
scribed. Independent evidence for the exist- 
j ence of tho ortho-acid is obtained from the 
[,refractivo index curve i (Veley and Manley, 

I Proc. Roy Soc. 1901, 69, 86 ; (^hem. Soc. Trans, 
1903, 1016), and from the absorption spectra 
(Hartley, Proc. Roy. Soc. Dublib;* 1906, [ii.] 10, 
373), but the existence of the polybasic acids is 
disputed (Kuster and Kremann, Zeitsch, anorg, 
jChem. 1904, 41, 1 ; Kiistcr, Zeitsch. angew. 
Chem. 1903, 16, 1079). 

The freezing-points of dilute solutions and 
the corresponding dissociation values are given 
by Jones (Zeitsch. physikal. Chem. 1853, 12, 
630) and Jones and Octiuan (Amer. Chem. J. 
1902, 27, 433). The change in the value of 
the molecular lowernig with concentration is 
indicated by the following selected values — 


Gram luols. HNOg 

Molecular 

pfT litre 

lowering 

0 001054 

3-796U 

0-01163 

3-7294° 

0-1059 

3-6269° 

0-26 

3-601° 

0-5 

3-621° 

1-0 

3-796° 

2-0 

4-174° 

*3-0 

4-603° 
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The densities, and the changes in density 
with temperature, of nitric acid solutions of 
different concentrations have been determined 
by Lunge and Rey (Zeitsch. angow. Chem. 1891, 
166) and Veley and Manley {lx.), and afford 
further evidence^ of the existence of hydrates 
(Veley and Manley). Cf, Bousfield, Clfem. Soc. 
Trans. 1916, 1405. 

The following table is constructed from 
Lunge and Key’s values — 



p.c. IINOg 

dY‘° 

p.c. HWOg 

1*00 

0*10 

1*30 

47*49 

1*06 

8*99 

1*.35 

1 65*79 

MO 

17*11 

1*40 

1 65*30 

1*16 

24*84 

1 *45 

i 77*28 

1*20 

32*3(3 

1 *50 

i 94*09 

1*25 

39*92 

1*52 

1 99*67 


Density of normal HNO^ solution (63* 1.3 
grams per litre) = 1 •0318 at {Kolilrausch, 
Wied. Ann. 1805, 26, 161), 1*0324 at 18“ (Loomis, 
ibid. 1897, 60, 532). 

The expansion of dilute solutions with 
temperature has been studied by Forch (Wied. 
Ann. 1895, 55, 100) &.nd Ostwald (J. pr. ('hem. 
1877, fii.j 16, 385), tfnd that of concentrated 
solutions by Kuster and Kremann, who find two 
breaks in the otherwise continuous coiKunitra- 
tion, at 54*0 p.c. HNO^ and 77'77 p.c. JINfJ^, 
corresponding to UNO 3,311^0, and 11N()3,H26 
respectively. 

The density of nitric acjd increases with the 
addition of nitrogen peroxide (Lunge and March - 
lewsky, Zeitsch. angew. (diern. 19 1 2, 1 0), reaching 
a maximum when the mixture contains about 
'i-2‘5 p c. by weight of the ]ieroxido. This 
corresponds with a hydrate, ]N2()6'N2()4,ll2(), 
the existence of whicli is confirmed by a thermal 
study of the reciprocal solubilities of nitric acid 
and nitrogen peroxide. This hydrate is stable 
below —48*5°, but at this teniperatufe dis- 
sociates, liberating nitrogen peroxide (Pascal 
and Gamier, Bull. Soc. chim. 1919, [iv.] 25, 
309). 

For the conductivity of nitric acid solutions, 
V. Kohlrausch (Wied. Atm. 1885, 26, 161), 
Arrhenius (ZdTi-sch. physikal. Chem. 1889, 4, 
96), Loomis (Wied. Ann. 1897, 60, 547), Veley 
and Manley (Proc. Roy. Soc. 1897, 62, 223), and 
Kuster and Kremann [l.c.). The existence of 
the above hydrates is again indicated ; two 
irregularities in the conductivity curve occurring 
at 26 and 50 inols. p.c. IlNGg, corresponding 
to therompounds HNGajSHgO and HN03,ll.j,() 
respectively, and a third at 96-100 p.c. IlNOj, 
at w^hich concentration irregularities also occur 
in the density and freezing-point curves, pointing 
to the commencement of anhydride formation 
previously mentioned. 

Nitrates dissolved in concentrated nitric 
acid increase its conductivity in proportion to 
the amount dissolved (Bouty, Compt. rend. 
1888, 106, 596, and 654). 

The viscosity of nitric acid has been deter- 
mined by Graham (Phil. Trans. 1861, 163, 373), 
Reyher (Zeitsch. physikal. Chem. 1888, 2, 744), 
Paggliani and Oddone (Wied. Ann. Beibl. 11, 
416), and Kuster and Kreman (l.c.). Thd last- 


named give the following values r 7 ==l for water 
at0°— 



98*5 

82*0 

70*0 



65*0 

50*0 

30*0 

10*0 

00 

n( + 15“) 0*iS48 
n (-15°) 0*833 

1*03G! 

2*241j 

1*27711*800 

3*2683*304 

1 

1*144 

2*369 

0 822 
1*635 

0*655 

0*667 


Cf. Bousfield (Chem. Soc. Trans. 1915, 
who gives the viscosities of a series of nitric acia 
solutions at various temperatures. 

The maximum at about 65 p.c corresponds 
to the constant boiling mixture 2HN03,3H20 
first investigated by Dalton. It is not a com- 
pound, its composition varying with the pressure. 
At 735 mm. it contains 68'0 p.c. HNOj (b.p. 
120'6'^) and, at 1220 mm. 68'6 pc. HNOs 
(Roscoe, Annalon, 1860, 116, 203), while, by 
passing indifferent gases through the acid at 
ordinary temperatures residues differing still 
more widely in composition are obtained, 

Tlie vapour tensions of nitric acid solution 
have been deterimned by Saposhnikoff (Zeitsch. 
physikal. (jhem. 1905, 53, 225). E’er the higher 
conooutratioiis they are as follows : — 


d. 

p C. IINO 3 

r c. llgO 

p (mm. 
at 15°) 

p.c. N in 
vapour 

*400 

65*30 

34*70 

1*90 

19*32 

*453 

78*10 

21 *90 

9*40 

22*52 

*462 

82*10 

17*90 

16*64 

22*65 

*487 

88*65 

11*35 

29*70 

23*06 

*497 

92*93 

7*07 

42*60 

23*60 

•510 

98*00 

2*00 

46*20 

23*76 


As HNOg contains only 22*22 p.c, N, oxides are 
also present in the vapour. 

Determinations of the boiling-point of 
aipieous solutions Of nitric acid at different 
pressures have been made by Creighton and 
Githens, J. Franklin (Inst. 1916, 179, 161), 
Creighton and Smith {ibid. 1916, 180, 703). 

With mixtures of nitric and sulphuric acids 
tliQ vapour tension rises and then falls with 
increasing percentages of HN 3. The maximum 
; for flNOa of sp.gr. 1*40 occurs at 46 p.c. HNO3 
(23*5 iniii.)f and for HNO3 ®P-gr. 1*48 at 
67 p.c. HNOg (34 mm.). With the pure acids 
the va^ue rises steadily to 41 mm. at 80 p.o. 

I HNO5, reiaams constant up to 92 p.Oj, and 
rises subsequently to 46 mm. with pure HNO3 
! (Saposhmkoff, ikid. 1904^49,697; 1905,61,609; 

' f/. ^ Pascal, (Wipt. rend. 1917, 165, 689). The 
jiurest obtainable nitric acid boils at 86° with 
partial decomposition. Under 24 mm. it boils 
at 21*6° (Eril^iann, Zeitsch. anorg. Chem. 1902, 
32, 431). 

Refractive iiK^.ex. 

rf'U” B line Mol. dlspn. 

1*50999 1*39584 0*338 

1*50875 1*36870 0*340 

(Bruhl, Zeitsch. physikal Chem. 1897, 22, 373) 
The maximum value (1*4061 at 14*2°) is shown 
by 70 p.c. HNO3, while the values for 60 p.o. 
and(y09 p.c. acid are practically identical (Veley 
and Manley, Proo. Roy. Soc. 1^1, 69, 86). 
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For the absorption spectra, v. Hartley, Chem. 
Soc. Trans. 1903, 658. 

Heat of formation . — 

H+N+O 3 +Aq.=HNO 3 Aq. + 49,090 cal. 

(Thomsen), 48,800 (Berthelot), which, by sub- 
tracting the heat of solution (7490, Thomsen ; 
7180, Berthelot) gives 

H+N+Os-HNOa + 41,600 cal. 

Mol. heat nf evaporation 7250 cal., mol. heat 

fusion 600 cal. (Berthelot, Ann. Chim. 1877, 
[v.] 12, 530). 

Nitric acid is decomposed by light into 
oxygen, nitrogen peroxide, and water (Berthelot, 
Gompt. rend. 1898, 127, 143 ; Veley and Manley, 
Phil. Trans. 1898, 191, 365; Reynohls and 
Taylor, Chem. Soc. Trans. 1912, 101, 131). The 
vapour is more prone to decomposition than the 
liquid and the reaction i.s rcversiblo,^ho [iroducts 
of the decomposition by light recombining in the 
dark. Anhydrous nitric acid (100 p.c ) decom- 
poses spontaneously in the dark : 

4 HNO 3 ^ 2N20+2Na04 + 02 

Specific heat . — 

pc HNO 3 58 3 12 3 3 4 20 1.5 3 4 

Sp.ht. . 0’6651 0-8752 0-9618 0-768 0-849 0-963 

The first throe arc Marignac’s values at 2^-52° 
(Annalen, 1872 (sujipl.), 8, 335), the last throe 
Thomsen’s at IS'". 

Chemical propertiefi.-- Nitric acid has been 
shown by the usual methods (rate of hydrolysis 
of methyl acetate, itivension of cane sugar, 
freezing-point lowering and conductivity) to be 
the strongest known acid. Accordingly it has 
a high value for its heat of neutralisation (with 
NaOH 13,680 cal. ; with KOH 13,770 (uil. 
Thomsen, Th.U 1906, 40). its heat of dissocia- 
tion for v-™ 1*5-6 is about 2800 cal. (Petensen, 
Zoitsch. physikal. Chem. 1893, 11, 174), for 
'=10 about 1362 cal. (Arrhenius, l.c.). 

It dissolves readily in etner, and the ether- 
water partition coetticuents have been deter- 
mined by Bogdan (Zeitseh. Eiektrochem. 1905, 
11, 824; 1906, 12, 489; r. also Hantzsch and 
Sebaldt, Zeitseh. physikal. (Uiem. 1899, 30, 
285). The molecular weight in ethereal solutn*ii 
is normal. 

The nitrhte ion is one of the most electro- 
negative ions. Migration velocity (fl*8 at 18^^ 
(Landolt-Bornstein, 1905, 237). All its salts are 
soluble, and there is little tendency to*form 
complexes. • 

The chief characteristic of nitric acid is its 
remarkable oxidising p( > wer, being itself eapaWe 
of reduction to HNO^, NO., NO, N^O, H^N./!., 
NHjjOH, Ng, and NH3. Otoald (Grundliss. d. 
allgem. Cheraie, 1899, 440) explains the forma- 
tion of these products on the supj^sition that 
nitric acid can so d»8ociate that it forms OH 
ions with the loss of positive ('harges — 


physikal. Chem. 1896, 19, 589) is lowered by the 
presence of nitrous acid, which, however, 
increases the rate of oxidation. 

Nitric acid is not affected by hydrogen at 
ordinary temperatures or at J00° (Berthelot, 
Compt. rend. 1898, 127, 27), but is reduced by 
it to amAonia in presence of platinum sponge 
(Wagner, Dingl. poly. J. 1867, 183, JO). The 
concentrated acid oxidises boron on slightly 
warming to boric acid with evolution of NO 
and N., carbon to carbon dioxide, in the cold 
if finely divided, phosphorus to phosphorous, 
and finally to phosjihoric acid (when, according 

Montemartini, Oazz. chim. ital. 1898, 28, i. 
397, ammonia is also produced). Sulphur is 
oxidised to H„S 04 with great readiness if finely 
divided, selenium to H.ScOa, and iodine to iodic 
acid with production of nitrous acid. Hydrides 
are also oxidised : Pll.j readily, HgS only if NO^ 
be present (acid of sti.gr. 1*18 free from NO^ has 
no action : Kemper, Annalen, 1857, 102, 342)^ 
SeH^ violently (Hofmann, Ber. 1870, 3, 660). 
HBr at O'’ forms Br 2 and NO 2 , HI yields 1^ and 
NO (HNO. in dilute solution, Eckstadt, Zeitseh. 
anorg. Chem. 1901, 29, 51 ) and HC1,N()(4( q.v.). 

{80-2 reduces HNO, readily, some N.d) being 
formed. In proseneo of dilute sulphuric acid 
reduction is still more readily effected, with 
evolution of NO, and in presence of concentrated 
HoBO^ nitrosyl sulphuric acid (Weber, Pogg. 
Ann. 1867, 130, 277). 

Ferrous salts yield NO, stannous salts 
NH^OH, and NHgjAsCl;, and As 40 g arsenic acid, 
and SbClg antirnonic acid. 

Nitric acid attacks with more or less readiness 
according to their nature, and the concentration 
of the acid, all metals with the exception of 
All, Rh, Ir, and Pt (the last-named when alloyed 
with other metals goes into solution, c r/. an^ 
alloy of 4*64 p.e. Pt and 95*35 Hg is entirely 
soluble, Tarugi, Cazz. chim. ital. 1903, 33, [ii.] 
171), much more quickly when the metals remain 
at rest, when they are rapidly rotated, or ihe 
acid iH^stiiTod (oiving to the fact that in the 
former case, nitrous acid accumulates in the 
neighbourhood of the metal) with formation 
of the nitrate cxeejit in tlie case of Sn, W, Mo, 
.,nd As, when the anhydrffle of the corresponding 
acid is produced, the nitric acid itself being 
reduced to various stages. Sn^prms stannic 
nitrate first, which breaks up yielding the dioxide. 
Sb is converted into Sb.O^. Briefly it may be 
stated that -with the less reactive metals, such 
As Hg, Ag, Cu, Bi, reduction to the first stage 
only takes place, and is probably not due to the 
agency of nascent hydrogen, but to nitrous acid, 
the influence of which on the reactivity of nitric 
acid was first noticed by Millon ( J. PharrafChim. 
1842, [lii.] 2, 179). Thus, with copper — 

(i.) Cu-b4HN02-Cu(N0o)2+2H20+2N0 
(ii.)Cu(N02)2+2HN03-Cu(N0.,)2-f2HN02 
(iii.) HN03-f2N0+H.0=3HN02 


UNOg NO2 + OH' ~>NOa-fOH'+© 

^N02TI'’ + 20H' ->NOaH f20n' + 2® 


N0(0H)3: 


"N0’” + 30Hi -»N0 + 30H'4 3© 


NO(OH)b^ 




(NOH)a 
2 


+ 40H'-f4© 


N””‘+50H' ->-^“-f60H'+6© 

* • 

The oxidation potential (Ihle, Zeitseh. 

VoL. lY.-T. 


The nitrous acid thus continuously produced at 
onoo decomposes — 

3HN02=HN03+2N0+H20 
nitric oxide being evolved (Veley, Roy. Soo. 
Trans. 1891, 182, A, 279). 

From the equilibrium 

• 3N0,+H,0 ^ 2HNO,+NO 
2 0 
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it is evident that with concentrated acid the 
product is NO 2- 

The most complete reduction (to Ngiand 
NHg) takes place with the more electro-positive 
metals such as l^n, Co, Ni, Fe, Cd, Zn. Mn, Mg. 
Thus Zn and very dilute acid give ammonia, 
whilst with Rn reduction is less con^'ilete, hy- 
droxylamine being one of the products. With 
more reactive metals, such as Mg, some hydrogen 
(which may be regarded as the pnmary product) 
escapes oxidation. I’he action is greatly affected 
by conditions, being slow nt ffi’st, aiieclerating as 
the reduction products, which act eatalytically, 
accumulate. Further, different concentration^ 
yield different products, and hence as the con- 
centration changes during the reaction, mixed 
products in varying proportions are usually 
obtained. With Zn, in intermediate eoneen- I 
trations, even nitrbus oxide and nitrogen may 
be found in considerable quantities amongst the 
gaseous products. For farther details, v. 
Acworth and Armstrong (Chem. Soc. Trans. [ 
1877, 32, 54), Montemartini (Atti K. Aecad. 
Lincei, 181)2, [v.] 1, i. 03), Walker (Chem. Soo. 
Trans. 1893, 03, 845), Higley (Amer. (3iem. J. 
1809, 21, 377), Stillmaim {ibid. 1897, 19, 711), 
Bijlert (Zeitsch. physikal. Chem. 1899, 31, 131), 
Gladstone (Phil. "Mag. 1900, [v.] 50, 231), 
Stauabie (J. Soc. Chem. Tnd. 1908, 27, 305; 
1909, 28, 274), Rennie ((!hcm. Hoc. Trans 1908, 
1102), Dunstan and Ilili, passivity m (Chem. 
Soc. Trans. 1911, 1853). 

With alloys of copper and zinc, as long as 
they contain more than 48 p.c. of copper, the 
alloy dissolves as a whole. Below this per- 
centage of copper, the zinc either dissolves 
faster in proportion than the copper or precipi- 
tates that metal from solution, with the result 
that more copper dissolves when the solutions 
are shaken than wlien at rest (Stansbie, J. Roe. 
Chem. Ind. 1913, 32, 1135). 

Electrolytic reduction, as shown by Rchbnbcin 
and Brewster, yields first nitrous acid, and finally 
ammonia. The nature of the product depends 
on the temperature, current strength, material 
of cathode, and its potential, and upon whether 
the solution is acid or alkaline. With a mercury 
cathode only hyponitrltc is formed (Zorn, Bcr.* 
1879, 12, 1599), with a copper cathode, ammonia 
(Uisch, Zeits^h, Eloktrochem. 1807, 3, 54fi). 

Nitric acid of 40 p.c. strength containing 
1 p.c. of dissolved nitrous gases yields NO 
(99-100 p.c.) at the cathode on electrolysis 
(Meister, Lucius and Bruning. Eng. Pat 10522,'' 
May 1, 1911; v. Muller and Weber, Zcitsch. 
Elektrochem. 1903, 9, 955 ; Miiiler, ibid. 978 ; 
Muller and Spitzer, ibid. 1905, 11, 509; Ber. 
1905,918, 1190; and Tafel, Zeitsch. anorg. 
Chem. 1902, 31, 289). Tlie mechanism of the 
reaction is not clearly understood. Tafol finds 
that though nitric acid^^is reduced only to 
NH2OH by mercury or well-amalgamated 
electrodes, copper reduces it to ammonia, and 
yet has no action on hydroxylamine itself. 

Metallic nitrates are normal salts (in only a 
very few instances are acid or basic salts ob- 
tained, and then only under special conditions) 
which arc readily soluble in water, and in many 
oases in alcohol, or acetone, stable in aqueous 
solution, and which usually crystallise in the 
anhvdrous form. ^ 

Nitric acid forms nitro derivatives with 


many organic compounds, and with alcohols 
yields eaters. 

On contact with the skin substances of 
bright yellow colour (xantho-proteio acids) are 
produced. Its chemical properties are best 

represented by the formula H — 0 — 

Commercial nitric acid, made from Chile ni- 
trate, occasionally contains minute quantities of 
tetranitromethane, m onochlorotrinitromethane, 
and dichlorodiiromethane, probably due to 
traces of chlorides and organic matter in'tl# 
sodium nitrate employed (Crawford, J. Soc. 
Chem. Ind. 1922, 321, T.). 

PJ.slvmotion {v. Analysis). — The most charac- 
teri.^iic test is the red colour developed with 
brucine and concentrated H2RO4. Arbutin and 
berberine under similar conditions yield a deep 
yellow and a dark brownish-red colour respec- 
tively (Rcichard, Chem. Zeit. 1900, 30, 790). 

(Jinchonamine nitrate is nearly insoluble in 
water (Howard and Chick, J. Soc. Chem. Ind. 
1909, 28, 63). 

ni-9-lO-monoxyphenanthrylamine dissolved 
in cone, sulphuric acid forms a delicate test for 
nitric acid in presence of other oxidising sub- 
stances. As a reagent, OH gram is dissolved in 
1 litre of cone, suljihuric acid and OH gr. of the 
substance to be tested is added to 2 c.c. of the 
njagent, when, if nitrates be present, the blue 
colour turns to a claret-red Nitrous acid does 
not alter the colour unless it becomes oxidised 
to nitric acid (Schmidt and Lumpp, Bcr. 1910, 
43, 787 and 791). 

Fuming nitric acid. A reck fuming liquid 
with powerful oxidising properties, produced by 
adding to conrentrated IINO3, nitrous acid, 
nitrogen trioxide, or nitric oxide, by distilling 
nitre with potassium acid suljihate, and also 
by adding kiCvSelguhr saturated with formaldo* 
hyde to the concentrated acid (Vaiiino, Ber. 
1899, 32, 1392). 

As prepared by any of these methods it 
contains free NOg (Marchlowski, Zeitsch. anorg. 
Chem. 1892, J, 303), and in the case whore NO 
is used may be supposed to be formed either by 
direct umon with oxygen, or as represented by 
the equation 2NO-f HNO.,-f H20^ SHNOj, 
the latter then giving NO 2 with the excess of 
HNO^. The intermediate production of nitrous 
acid is sh(4wn by addition of water, when it 
becomes green, blue, and finally colourless (r. 
further M archlew ski and Li Ijen stein, Zeitsch. 
anorg. Chem. 1892, 2, 18 ; 1894, 5, 288). 

The .specific gravities of the fuming acid of 
difjferent NO 2 content are given by Lunge and 
Marchlewski (Zeitsch. aiAgew. Chem. 1892, 1). 

<T Fuming nitric acid oxidises organic com- 
pounds to carbon dioxide and water, any sul- 
phur present being converted into HgSO^, and 
phosphorus into H3PO4 (Carius, Ber. 1870, 3, 
697). 

Aqua regia. First obtained by Geber in the 
eighth century by dissolving salammoniao in 
aqua fortis. Also formed by mixing HCl and 
IINO3. The reaction is represented by 

HN03-f3HCl=2Il20+N0Cl+Cl2 
(v. Tilden, J. 1874, 214) ; Goldschmidt, Annalen, 
1880, 206, 372). So named on account of its 
solvsnt action on the noble metal^. 

Peroitric aold HNO^ is said to oe obtained as 
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the silver salt as a black crystalline mass on 
electrolysing AgNOj solution (Idulder and 
Heringa, Bee. trav. chim. 1898, 17, 129). Its 
existence is doubtful. 

Aom Halides of Nitric Acid. 

Nitryl fluoride NOgF is formed by the action 
of excess of fluorine on nitric acid at the tempera- 
ture of liquid air. It is a gas which attacks the 
mucous membrane, m.p. —139°, b.p. — ()3-5° ; 
^d. 2‘17-2‘31 (air—]) calculated for NO.^F 
?26 It does not combine with hydrogen, 
sulphur, or carbon, but attacks boron, silicon, 
phosphorus, arsenic, antimony, ic'dinc, alkali, 
and alkaline earth metals, alumuiium, iron, and 
mercury. With water the quantitative reaction 
NOaF+H/l-HF-l takes place it re- 

acts with many organic compounds (Moissan I 
and Lebeau, Compt. rend. 190^^, 141#, 1573). 

Nitryl chloride NO.d (Mullm, Aiinalen, 18(12, | 
122, 1 ; Odet and Vignon, (^ompt. rend. IH7(), | 
70, 90) and nitryl bromide NO^Br (Hasenbach, J. 
pr. C^hein. 1871, [ii.] 4, 1) are, according f.o | 
(lutbierandLohmann (J. pr. Chem. 1905, fii.] 71, | 
182), non-existent. 

MANdFACTURE OF NiTRIC AcID. I 

At the present time the nitne. acid of com- ] 
merce is made by one of three jiroeesses : viz. j 
(1) decomposition of sodium nitrate, (2) burning ; 
of ammonia in oxygen in the presence of a 
catalyst, and (3) union of nitrogen and oxygen j 
in the electric arc. For the third, .sre Nitrogen, j 

UTILISATION OF ATMOS I'll KRK’. j 

In the first process, which is still the most : 
important, a])pro>:inuitely equal wi'ights of I 
Chile nitre and (j()°Be. sulphuric acid arc healed j 
in east-iron retorts and the resulting vajtoura i 
condensed. The residue consists of a fused j 
mixture of sodium sulphate and sodium hydro- j 
gen sulphate, and if over-heated, may also con- i 
tain sodium disulphate residue j 

is discharged into iron jians, where it solidifies ; 
or it may be run into the pan of a hydrochloiie 
acid furnace, where it is converted into salt- 
cake by reacting with salt. A part of the nitre- 
cake liow produced is converted into sodp^m 
sulphide and into a mixed sodium sulphate- 
ammonium sulphate fertiliser. 

Since the heat, of vaporisation of nitric acid 
is lowq the nitric acid vapour is easily condensed. 
The vapours from the retort contaii also 
nitrogen peroxide from the decomposition of 
nitric acid by heat (Carius, Annalen, 187.3, 169, 
273), according to the ('^uation : • 

4HN03+heat=2H,0+4N0,-f02 • 

They also contain air which leaks into the 
system owing to the reduced pu^S8ure main- 
tained therein. Thf nitrogen peroxide tends to 
dissolve in the acid condensed in the condenser 
and to form nitrous acid. Thcf water formed in 
the above reaction, as well as that originally in 
the raw materials, condenses with the nitric 
acid. The remaining jgasos jiass the condenser, 
tending to carry with them uncondensed nitric 
acid vapour 

Notwithstanding the presence of water in 
the charge, the first distillate is strong, becoming 
weaker as thi distillation proceeds, until at tho 


end it is almost pure water. The greatest 
evolution of nitrogen peroxide also occurs in the 
beginning, and as this is most soluble in strong 
nitne acid, it would contaminate the final 
product unless some means were taken to 
remove it. This is usually acoemplished by so 
condensir 4 ; that tbe condensate is removed 
from the system hot. Thus the nitrogen 
peroxide remains in the system, passt* through 
the condenser witli the uncondensed gases, and 
must be absorbed in an absorption system. 

Retorts. — Nearl^^ all modern retorts are 
vertical pots suspended in a brick sotting They 
are made of cast iron*W'hich is not attacked by 
nttric acid vapour, or appreciably liorroded by 
the sulphuric acid in the charge Fig, 1 shows 


B 



one type of retort and setting, arranged for coal 
firing. Gas firing is al.so oxtonsircly used, pre- 
senting the advantages of greater fuel economy 
and readier control, but is not justified except 
^or large jilantH. 

Sodium nitrate and sulphuric acid are intro- 
duced at A, and the nitric acid distils off at b. 
At the end of the distillation the fused nitre- 
cake is run off through c. 

Condensers.— i^oTmorly air cooling Was de- 
pended upon altogether, but modern pr^tic© 
makes use entirely of water cooling. Many 
forms of water-coolfsd condensers have been 
proposed, but only two are in common use. 
These are the glass condenser of Hart (U.S. Pat. 
5257()1, 1894) and S-bend condensers made of 
silica or silicon-iron alloys. 

A Hart condenser is shown in Fig. 2. It con- 
sists of two upright manifolds of chemical-ware 
or silicon-iron, connected by parallel glass tubes 
3 inches diam. by 6 feet long. These are packed 
into the manifolds with a plastic putty made of 
oil-gFDund white-lead, 10 lbs. ; red-lead, I lb. ; 
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linseed oil, 3 gals. ; and asbestos fibre enough to 
give proper consistency. Water is allowed to 
trickle over the outside of the tubes, bping 
delivered through the pipe a, and is kept from 
splashing by wooden guides hung between the 
tubes and showli in detail at b and in cross 
section at c. The hot water from the ♦ondenser 
is caught in the trough d and escapes to the 
drain thrcAigh e. 



The tube breakage amounts to about 100 per 
retort per year. It is heaviest with weak charging 
acid. Broken tubes may be replaced while 
running. 

In principle the S-bend condenser is the same 
as the Hart oondenscr, its construction being 
^hown in Fig. 3, a Y-tubc branching from the 



top of the bleacher to two parallel series of 
S'bends, 6 inches in diam. and C feet long. 
This typo possesses the advantage over the 
Hart condenser of having fewer joints and of 
these being all horizontal. Even with no putty 
packing in the joints there is no tendency to 
lose acid by leakage, • 


While the silica S-bends are lighter and 
'Cheaper than those of silicon-iron, they are 
much more fragile, and hence must be handled 
with extreme care. The latest practice favours 
the S-beiid condenser of silicon-iron above all 
others. 

BlearMnc }. — Most of the uses to which nitric 
acid is put require that it be as free as possible 
from nitrous acid. To remove this it was 
formerly the practice to warm the acid while 
blowing a current of air through it. This, how- 
ever, required a separate operation, which Ufei 
now avoided (Skoglund, U.S. Pat. 691087, 1897) 
by allowing the condensed acid to reflux through 
a bleachei while still hot. Here it encounters 
the hot gases from the retort, which further heat 
it, driving out the dissolved nitrogen peroxide. 
The acid nmniiig from the bleacher contains, on 
an average, about 1 p.c. nitrous acid. 

Fig. 2 sinews the relation of the bleacher to 
the condenser. The gasfis from the retort enter 
at P, rise through the packing in the bleacher 
and are condensed in the condenser. The con- 
densate drains back through the bleacher 
counter-current to the gases and emerges at g. 

Ahsorption. — Even with the most careful 
attention to details, from (i-10 p.c. of the 
nitrogen content of the nitrate passes the con- 
denser in the foian of nitrogen peroxide. In the 
absorption system this is eoiivorted to nitric 
acid. 

The absorption system consists of a series of 
chemical-ware towers filled with an acid-proof 
packing material, where the gas is subjected to 
a systematic scrubbing with dilute nitric acid. 
This system is so arranged that the strongest 
gas comes in contact with the strongest acid, 
and the weakest gas with almost pure water. 
In these towers the following reactions occur : 

(1) 3N0.>-fH„0<->2Tm03+H0 

(2) 2NOd 02=2N02 

The first is an equilibrium which is estab- 
lished practically instantly (Burdick and Freed, 
J. Amer. Chem. Soc. 1921, 43, 518-30), while the 
second goes to completion, but requires con- 
siderable tune to do so (Burdick. J. Amer. Chem 
I Soc. 1922, 44, 244-51). Civen sufficient time, 
the nitrogen peroxide can thus be quantita- 
tively converted into nitric acid, but, practically, 
owing to tlj^e slowness of the second reaction 
and the necessarily limited reaction space in 
the towers, this is never accomplished, 96 p.c. 

, conversion being considered good practice. 

The abSorptioii tower construction is shown 
in Fig. 4. The tower consists of 6 sections of 
chefiilcal-ware about 30 inches in diameter and 
30 inches high. The bottom section rests in a 
saucer mounted on a pedestal. The gas enters 
the tower at a, rises through the packing rings 
generally used to fill the tower and leaves the 
tower through the pipe b. ‘Acid is continually 
circulated over the tower by the air-lifts c, 
supplied with acW from the equaliser pot d. 
The acid draining from the tower enters this pot 
from behind ; any excess above that in circula- 
tion, which may enter fro;n the next equaliser 
pot d', or bo formed in the tower, is removed 
continually by the air-lift b. 

An absorption sy.stem consists of a series of 
such powers, each set higher than its predecessor, 
so that the weak acid may drain toward the acid 
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exit of the system. The ratio ol towers to 
6000 lbs. retorts is usually 1*2 : 1-1*6 : 1. 

Draught is maintained on the system by an 
air- jet e:3iau8ter in the exit from the last tower, 
by a steam jet, or, best, by an acid-proof fan 
driven by aii electric motor. 

Operating data . — The best strength of 
charging acid to use with dry nitre is 92*6 p.c. 
(Winteler, Chem. Zeit. 1905, 29, 820-23). With 
wet nitre the strength of the acid should be 
mcreasod proportionally to the water content. 
Either stronger or weaker acid results in a 
dilute distillate 

With a ratio of 1X2804 : NaNOj — 1 and acid 



of the above strength the Britishi nitric acid 
plants during the war produced a distillate of 
90-92 p.o. HNO3, constituting about 90 p.c. of 
the acid made. The remaining 10 p.c. was 
weaker, containing 60-80 p.c. HNO3. The 
overall ^eld was from 94-96 p.c., the nitre 
cake acidity varied ^rom 27-31 p.c. H2SO4, 
and the coal consumption was about 0*186 lb. 
per Ik 100 p.o. HNO3 with gas firing and about 
0*326 with direct firing. Using a nitre charge 
of 6000-6300 lbs. the time of a complete 
cycle was 18*24 hours (Ministry of Munitions, 
Department of Explosives Supply. Report on 
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the Statistical Work of the Faotones Branch, 
H.M. Stationery Office, London). 

In the United States (Zeisberg, Chem. Met. 
Eng. 1921, 24, 443-46) the cycle of operations 
with a 7000-lb. nitre chargb requires only 
12 hours# The yield is also somewhat better, 
having been 97*6 p.c. there during war-time 
pressure, and is now approximatelj^ 99 p.c. 
The coal consumption with direct firing is about 
0*222 lb. per lb. 100 p.c. TINO3 ''^ith continuous 
operation, and 0*266 with one-shift operation. 
The labour requirements are low, being 1 *9 mcn- 
hr. per 1000 lbs. HNOg with single shift, and 
f*4 men-hr. with continuous operation. Without 
separation of the strong distillate and the weak 
absorption tower acid, the average strength of 
the whole output is 88-90 p.c. HNO3, with 
about 1 ]>.c. NOj. • 

Full design data, with many detailed draw- 
ings, for British nitric acid practice, may be 
1 found in Preliminary Studies for H.M. Factory, 
Gretna, published by H.M. Stationery Office, 
London. 

Vacuum proccMcs . — In order to carry out 
the decomposition of the nitre at a lower tem- 
perature, and thus avoid thermal decomposition 
of the nitric acid, Valontiner (D. R. P. 63207, 

I 1891 ; Eng. Pat. 4264, 1907 ; U.S. Pat. 920224, 

; 1909) proposed carrying (^ut the decomposition 
I in a vacuum. His juocess was fully described in 
I the last e(htion of the Dictionary. 

During the war this process was considerably 
developed in Germany by Fnscher, principally 
in the direction of increasing the size of the 
apparatus and substituting a rotary liquid 
scaled pump for the older reciprocating pump, 
ivhieh was always a source of annoyance. 

A further improvement on the vacuum pro- 
cess has been made by Hough (Worden, Techno-# 
logy of Cellulose Esters, Vol. T. Part 2, pp. 826- 
34, 1921), by introducing a stirring device into 
the retort. His whole apparatus is shown in 
Fig, 5. 

A ffitre charge of 6000 lbs. is placed in the 
retort, and the stirrer, B, and vacuum pump, y, are 
started. Sulphuric acid, which has first been 
. used in the scrubber, s, and the pump-tank, x, is 
then added from tanlv, w, 6400 lbs. of 92*6 p.c, 
acid being used The gases pass from the retort 
through E to the bleacher, i, aiffi'thence to the 
condenser, J. The uncondensed gases pass to the 
scrubber, s, where they are scrubbed with sul- 
•phuric acid ; then through the pump, Y, of the 
rotary, sulphuric acid sealed type, to the atmo- 
sphere. The scrubbing acid in s is next used 
to seal the pump, and is then used for charging 
acid. The hot acid from the bleacher runs 
through the coolers, L, to the receivers, R, and Kj. 
When the distillation is completed, as snowji by 
. the hydrometer in the still -watcher, M, the 
' vacuum (usually aboflt 20 inches Hg) is broken, 
the temperature of the charge is raised to melt 
the nitre-cake, and it is run out. 

It is claimed that five charges can he handled 
per 24 hrs. The whole of the distillate is ob- 
tained at a strength of about 91 p.c., and 
practically free from nitrous acid. The yield is 
I about 97 p.c. (since no absorption system is 
I used) and the fuel consumption about 0*076 lb. 

I per lb. 100 p.c. nitric acid, which is remarkably 
low. • The stirrer consumes from 1^2 kw., 

, and the pump abouti4 kw. 






(Mer procems»>^omidmMe work kas been 
4one (Guyo, Eng. Pats. 131336, 131336, 1919 ; 
Norsk Hydro, 1). R, P. 340360, 1921) on 
na«>kiug nitric acid from nitrogen peroxide 
obtained from the arc process of nitrogen fixa- 
tion, or from ammonia oxidation, according to 
which the peroxide is liquefied and treated under 
wessure in an autoclave with water and oxygen. 
Highly concentrated nitric acid is thereby 
obtained, which is not the case when nitrogen 
neroxide is recovered in an ordinary ab8orj)uon 
•system. 

Ammonia oxidation . — During the war there 


waa a great developm^t of the so-oalled 
Ostwald process of oxidising ammonia. An air 
straam, containing 10 p.c. of ammonia, is passed 
through a platinum gauze maintained at a red 
heat by the heat of the reaction, or, according 
to Landis (U.S. Pat. 1193797, 1916), by the 
passage of an electric current through the gauze. 
The ammonia reacts with the oxygeij of the air 
according to the equation : 

(3) 4NH34-602=OH20+4NO 
The resulting nitfic oxide is converted to nitric 
aeid by oxidation to nitrogen peroxide according 
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Fig. 7. 


to equation (2), and absorption in water accord- 
ing to equation (1), yielding a 60 p.c. nitric acid. 

With a pure ammonia gas •the conversion 
proceeds smooth!^, but tliere arc a number of 
contact poisons, of which the^worst is phosphine. 
Iron oxide, grease, tar, &c., should bo kept off 
the gauze. With pure gas and good operating 
conditions about 90 p.c. of the ammonia is con- 
verted to a recoverable form, the remainder being 
reduced to elemental nitrogen and lost. Once 
having obtained nitric oxide the gas is cooled 
quickly, to remove the water ; it is allowed to 
oxidise, aigl is then absorbed in watertin the 
usual way. 


In Great Britain a number of ammonia 
oxidation installations have been made jp con- • 
noction with the nitrogen oxide supply to lead- 
chamber sulphuric* acid plants, for which pur- 
pose this process is ideally adapted. For most 
uses the nitric acid yielded by this process is 
too weak and must bo concentrated, an expen- 
sive process at best. Nevertheless, Germany 
obtamed a large proportion of her nitric acid by 
ammonia oxidation during the war, using, for 
lack of platinum, a catalyst made up of ferric 
oxide activated by the addition of manganese 
and bismuth oxides. 

*Fig. 6 shows an oxidiser of the flat gauze 





type developed in Great Britain by the Mi^txone 
Inventions Department (The Oxidation of , 
Ammonia Applied to Vitriol Chamber Plants, 
M.I.D* Research Laboratory, 1919), and now in 
use at various lead-chamber plants. It consists 
of a separable cafet aluminium casing into which 
is clamped a gauze frame, a. This fraAie carries 
a two-layer, SO-mosh gauze of 0-065 mm. pure 
platinum ^wire if electrical heating is to be 
used, and a 4-layer gauze if self-heating is 
,used. The area of the gauze is 4 inches by 
*6 inches, and about 480 Ibt. nitric acid are 
produced per 24 hrs. The conversion efficiency 
IS 86 p.G. without electrical heating, an^l 
90-95 p.c. with electrical heating. The gas 
mixture passes in at the bottom and through 
the aluminium baffles, b, before reaching the 
gauze. 

Fig. 7 shows aft oxitbser of the cylindrical 
gauze type developed in the United .States by 
Jones and Parsons (U.S. P«it. 1321376, 1919; 
Parsons, J. Ind. Eng. Chem. 1919, 11, 641-52). 
It consists of an outer cylindrical shell of 
iron lined with chcmical-ware. Into the centre 
of the space thus formed a cylindrical, 80- 
mesh gauze of 4 layers, made of 0-0026-inch 
pure platinum wire, 9 inches diameter by 12 
inches high, is suspended. The gas passes into 
an alumimum head and dow-n through the 
gauze. 

The chief advantage of the cylindrical gauze, 
in addition to that of greater capacity per unit, 
is that heat is radiat'd fi'om one pait of the 
gauze to another, and it therefore operates at 
a higher temperature. This enables a higher 
conversion to be obtained, without the use of 
electrical beat. 

The capacity of a square foot of gauze is 
approximately 2500 lbs. nitric acid per 24 hrs., 
br 360 lbs. nitric acid per oz. troy of platinum. 
For fuller details, references (The Oxidation of 
Ammonia Applied to Vitriol Chamber Plants, 
M.I.U. Research Laboratory, 1919 ; and Parsons, 
J. Ind. Eng. Chem.’ 1919, ll, 641-52) sho^nld be 
consulted. E. IF. and F. C. Z. 

NITROGEN, ATMOSPHERIC, UTILISA 
TION OF, Nitrogenous substances, particu- 
larly nitrates and amradnium salts, arc used as 
plant manures. The natural formation of 
combined nitrogen is insufficient to supply the 
soil, more paruc'ularly on account of wastage 
through the action of denitrifying bacteria, 
which yield free nitrogen, and from the present 
system of sewage disposal. 

According to 1<1. J. Russell (-T. S!oc. Chem. Ind. 
1918, 37, 45R) one pound of combined nitrogen, 
properly used in the soil, will yield enough food 
to supply a man for about five days. Normally, 
a plant takes up practically the whole of its 
nitrogen in the form of nitrates, and the most 
efficient nitrogenous fertili5j,ers are the nitrates 
of potassium, calcium, and sodium, probably in 
the order given. Other nitrogen compounds 
must first be oxidised to nitrates in the soil. 
Ammonia is rapidly oxidised to nitrates by soil 
bacteria, and ammonium salts applied to the 
soil are converted into nitrates before the plant 
is ready for all the nitrogen supplied. Protein 
.nitrogen, amino-acid nitrogen, and amide- 
nitrogen, such as are present in farmyard manure, 
are also rapidly oxidised by soil baot^ria. 
Calcium cyanamide is first converted into 


ammonia and then into nitrate in the soil 
Other nitrogen oompounde, enoh as diazo-com-. 
pounds, litro -compounds, and ring-oompounde, 
are (as far as is Wown) useless as fertilisers. 
The relative values of combined nitro^ in 
various forms have been stated as f^ows : 
nitrate nitrogen, 100 ; ammonia nitrogen, 96 ; 
cyanamide nitrogen, 85-90 or more; protein 
nitrogen, 70-80. 

The natural sources of combined nitrogen 
are twofold. First, electrical discharges in the 
atmosphere, cause the union of oxygen an* 
nitrogen, with the ultimate production of 
nitrates and nitrites. (See, however, Moore, 
J. Chem. Soc. 1921, 119, 1555.) By this means 
it is estimated that every acre of ground in 
Great Britain is enriched annually to the extent 
of 11 lbs. of eombiiied nitrogen. In the tropics, 
where thund'irstorms are more frequent, the 
amount is larger. 

The second natural source of combined 
nitrogen is the fixation of nitrogen by organisms 
in the soil. Jt is brought about by two groups 
of organisms. First, symbiotic organisms associ- 
ated with living ]ihints, especially those belonging 
to the pea family (legummosa)), and occurring 
in nodules m the roots. These are now supposed 
to bo bacilli, not pscuclomoni, and are known 
as B. radicicola. Second, free-living micro- 
organisms in the soil, either aerobic {Azoio- 
bacter chroococcurn and A. or anaerobic 

{Clostridium fadeunarium). The nitrification of 
ammonia by micro-organisma in the soil takes 
place normally in two stages. The oxidation to 
nitrous acid is brought about by two groups, 
viz. ndrosfymonas and uUrosococens. The final 
stage, in w hich nitrous is oxidised to nitric acid, 
IS effected by nilrobacfer. The actual products 
are, of course, salts of these acids, usually^al- 
cium salts. The direct oxidation of ammonia 
to nitric acid has been stated to occur as a result 
of the activity of Kaserer’s bacillus {B. nitrator)^ 
but this lacks confirmation. 

Denitrification, in which assimilable nitrogen 
compounds are decomposed with evolution of 
free nitrogen, is brought about by B. denitri- 
ficans^ as well as by other groups of organisms 
‘(R. stuzei, &c.). 

Attempts have often been made to use 
cultures of nitrogen-fixing bacteria in the soil 
for the purpfsc of promoting nitrification, under 
the names of ‘nitragino,’ ‘ nitrobacterine,’ &c. 
These, j.nd the use of ‘ bacterisod peat,’ do not 
'appear to, have been very satisfactory {see 
J. Soc. Chem. Ind. 1907, 26, 304). 

l^umcrous experiments have been made with 
a view' to the practical utilisation of the bacterial 
oxidution of ammonia to nitrates, notably by 
Muntz and Lain6, and Boulanger, of. the Pasteur 
Institute, and by Lunden and Thorssell of 
Stockholm. The former ui^d a mixture of 
charcoal, turf, and chalk, innoculated with 
nitrifying bacteria, through which a dilute 
solution of ammonium sulphate was percolated. 
The optimum temperature was found to be 30°C. 
The bacteria cannot tolerate too concentrated 
solutions of ammonium salty, but are unaffected 
by considerable amounts of nitrates. The 
liquor is therefore passed from one nitrifymg 
bed to another, and enriched by the addition 
of a portion of ammonium sulphaie between 
each bed and the next. A solution of calcium 
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nitrate is obtained, whiob may be precipitated 
TTith ammonium carbonate to form ^mm oninm 
niteate. Tbe bigbwt concentration (J^cium 
nitrate attained was 62*26 grams per litre j the 
nitrification then ceased. In semi-technical 
eocperiments the supply liquid contained 6*7 
grams nitrogen as calcium nitrate, and 1*3 grams 
nitrogen as ammonia, per litre. 

Lunden and Thorssell (Eng. Pats, 16667, 
16668, 16670, and 16671, 1918) use a nutrient 
i|plutiou containing nitrates as well as ammonium 
salts j the latter may be ammonium nitrate, 
the ammonia of which is oxidised. After 
bacterial oxidation, part of the solution is used 
for the preparation of ammonium nitrate by 
ad(^g ammonia and carbon dioxide ; but the 
main part, enriched with more ammonium salt 
and a suitable amount of calcium carbonate, is 
sent back to the bacteria beds •for further 
oxidation. Calcium carbonate or toilet sponge 
is used as substrate instead of turf, and a current 
of air passed through. The method of culti- 
vating the bacteria (obtained from fertile soil) is 
described in Eng. Pat. 16669, 1918. Pure 
^cultures are not essential, but extraneous 
organisms such as moulds and protozoa are 
injurious ; they may be ehmmated by avoiding 
organic matter in the culture media and by 
adding small amounts of poisons such as phenol, 
cuprous cyanide, sodium fluondc, and aniline, 
to which the nitrifying bacteria are very 
resistant. 

The objections to such processes are their 
slowness, the space n'quiied foi handling the 
enormous bulks of dilute solutions obtained, 
and the large amount of fuel required for 
evaporation. 

The natural deposits of guano have long 
boon exhausted, and the deposits of sodium 
nitrate of Chile are approaching a similar fate. 
If the improved processes for working these 
deposits arc adopted (see SoniuM Nitrate), and 
are successful, the amount 'of workable nitre 
may amount to about 250,000,000 tons. At the 
present rate of consumption, this would extend 
the life of the beds to 100 years. Altogidher, 
200 years is believed to be a reasonable life if 
the deposits at present unw^orked are devcloptd 
(Chimie et Industrie, March, 1 920). These calcu- 
lations, however, leave out of account the normal 
growth of demand, which is rougliTy doubled 
every ten years, and the cost of exploiting the 
poorer deposits will naturally rise, perhajJfe to a 
prohibitive limit in the face of competition with 
synthetic methods. 

Next in importance Jbo the Chilean dcposflts 
is ammonium sulphate, formerly exclusivdy 
and still largely obtained as a by-product in the 
manufacture of coal gas and metalluTgi(‘al coke, 
during which processes only abou^ 20 p.c. of 
the nitrogen of the c»al is recovered as ammonia. 
In the Mond process of gasification, where large 
amounts of steam are passed* along with air 
over the fuel, as much as 60 p.c. of the nitrogen 
is recovered, but all the other valuable by- 
products, such as benzene, are lost, and the gas 
is of relatively poor he*ating value. The supply 
of combined nitrogen obtainable in this way 
would, however, be entirely inadequate to meet 
the growing needs of agriculture. , 

The chief Application of combined nitrogen 
is in the productiori. of food. The exhaoistion 


pf the Quleaix depoidts without the possibility 
of altematiye sources, would therefore give 
rise to what is known as the ‘ Nitrogen Problem,* 
t.e. the question of avoiding starvation. 

Combined nitrogen also foftns an essential 
constitue»t of large numbers of dyes, explosives, 
and drugs, and ammonia is used in the ammonia- 
soda process and in the liquid form inVefrigera- 
tion. Cyanides are used in the extraction of 
gold and in electroplating. The peculiar ^ 
urgency of the nitrogen problem under war * 
conditions is clear. 

The nitrogen of the atmosphere over every 
8?iuare mile of the earth amounts to about 
20 million tons, or over thirty times the amount 
contained in the whole of the Chile nitre and by- 
product ammonium sulphate produced per 
annum. The supply is practically inexhaustible. 
The methods at present in use for fixing atmo- 
spheric nitrogen arenas follows : — 

1. The direct synthesis of ammonia from 
nitrogen and hydrogen gases (the Haber process) : 
Nj+aH, 2NH,. 

2. The direct synthesis of nitric oxide from 
the air in the electric arc, followed by the con- 
version of this nitric acid and nitrates : 

Na l-O, ^ 2NO ; 2NOd H,()-i-30=2HN08. 

3. Tli(i rcac-tion between nitrogen and cal- 
cium carbido, leading to the production of 
calcium cyanamidc, CaCNg, which may be used 
directly as a fertiliser or decomposed by super- 
heated water with production of ammonia : 

CaC.,-fN2--CaCN.,-f C ; 

C.aCN j,“j“3H20— CaCOj“{“2NH3 

4. The conversion of ammonia, obtained by 
method (1) or (3), into nitric acid and nitrates* 
by catalytic oxidation : 

4NH,-f502=4N0-f6ll20. 

Each method has particular advantages and 
(lisadvdiitages, depending nuynly on the par- 
ticular facilities ofiered by any locality in the 
way of cheaxj jiower, fuel, and skilled labour. 

The enormous extorv’ion which has taken 
place in nitrogen fixation industries may be 
appreciated from the table at the top of the next 
page (Statistical Supplement t^ the Nitrogen 
Products Committee's Report, 1921), showing 
the actual output of fixed nitrogen in 1912 and 
Jhe maximum potential capacity in 1920. The 
figures refer to world resources. 

This table shows that whilst the relative 
output contributed by Chile has decreased to 
half, that of synthetic industries has ii^reased 
from 4i p.c. of the whole in 1912 to 43 p.c. in 
1920. The most important fact is that 
'processes are now the largest contributor to th€ 
world's requirements. ‘In spite of ‘the enormous 
extensions of the Haber process, the eyariamide 
process is still the largest single contributor 
to the synthetic production of fixed nitrogen. 

Synthetic Ammonia. 

Experiments on the union of nitrogen and 
hydrogen, with formation of ammonia, on 
passing electric sparks through a mixture of the 
two gases, were piade by Regnault in 1846, by 

DeviSe in 1866, and by H. B. Dixon in 1888 

• n 
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1912 

Source of siipply 

Output; in 
lung tons of 

Metric tons 
N 


product f 

Chile nitrate industry 



(assuming 96 p.c. 
product) 

2*, 586, 976 

411,329 

By-product Ammo- 


nium sulphate (24-5 


r 

p.c. ammonia as- 
sumed) . 

1,229,773 

272,007 

Cyanamide (18 p.c. N). 
Arc products (13 }).c. 

126,538 

22,435 

N). . . 

75,000 

9,907 

Synthetic ammonia . 

nil 

ml 

Total fixation . 

' 201,538 

32,342 

Grand total 

4,01 8, 28<) 

715,678 


(see also Brincr and Mottler, J. Phys. 1008, 
6 , 137 ; Bnncr and Kalin, ibid. 1914, 12, 634 ; 
Briner and Bai'ilusH, Hclvot cliim. Acta, 1019, 
2, 05, 102). Haber and van Oordt (Zeitsch. 
anorg. ('hem. 1005, 44, 341) examined the pro- 
duction of ammonia on jiassing the mixed gas 
over iron, acting as a catalyst, at atmospheric 
pressure. An important advance was made by 
Nernst (Zeitsch. Hlektrochem. 1907, 13, 521 ; 
1910, 10, 90) and his assistant Jost (Zcitsch. 
anorg. Chem. 1008, 57, 414; Zeitsch. Elcktro- 
chem. J008, 14, 373), who were the first to work 
under pressure (up to 30 atm.). Further in- 
vestigations by Haber and lus^ pujiila (Haber 
and Le llossignol, Zeitsch. Elektrochem. 1013, 
19, 53; Haber, Ponnaz, and Tamaiu, ibid. 
1916, 21, 89; Haber and Maschke, ibid. 
1915, 21, 128 ; Haber and Greenwood, ibid. 
1915, 21 , 241 ; sec also Maxted, Ammoma 
and the Nitrides, 1921) hid in 1910^ to the 
adoption of the *j)rocess by the Badischc CV)., 
in whose hands it has developed m a surjirisingly 
short time into one of the greatest chemical 
industries in the world*. In the perfecting of tla* 
technical details of the proce.ss Hr. C. Bosch 
took a leading, part. 

The Badische process consists in bringing a 
mixture of pure mtrogen and hydi-ogen, in the 
proportions of 1 to 3 by volume, under a ’ 
pressure of 200 atm., in contact with a catalys't 
such as iron at about 000 °. Under these con- 
ditions about 8 p.c. by volume of ammonia is 
produced when equihbrium is attained. The 
gases * are circulated through the catalyst ; 
chamber by pumps and pass through a heat 
exchanger, in which they give up part of the j 
heat evolved in the reaction to the incoming 
gases. The ammonia is removed from the gas 
by washing with water under high pressure and 
the residual gas again goes to the catalyst. i 

The reaction N^-f 3 H 2 --- 2 NJyi 3 is exothermic. I 
The heat of formation of 1 gram mol. NH 3 at 
constant pressure is stated by Thomsen to be 
11 '89 kg. cal. at 18°C. Berthelot and Matignon 
at higher temperatures found 12’2 kg. cal. 
Nernst (Zeitsch. Elektrochem. 1910, 10, 96) 
calculates 15'1 kg. cal. at BSO^. The heat, of for- 



1920 

p.c. total 
output 

Productive 
capacity In 
long tons of 
product 

Metric tons 

N 

p.c. total 
pro- 
ductive 
capacity 

57*5 

2,900,061 1 

471,000 

30’2'^ 

38'() 

31 

2,016,440 

1,777,000 

413.000 

325.000 

26-6 

20-9 

1-4 , 
nil 

4-5 

100 

290,400 

1,503,000 

3,670,400 

8,551,900 

J 

38,300 

308,000 

671,300 

1,555,300 

2-5 

19*8 

43-2 

100 


mation of ammonia was determined by Haber and 
Tamaru (Zeitsch. Elektrochem. 1916, 21, 191), 
and Haber, Tamaru, and 5liolm {ibid. 206), 
whose results are summarised below ; 


/°(;. 

Qp obs. (kg. cal.) 

Qp calc, (kg. cal.) 

0 

10 95 

10 '95 

466 

12-67 

12-67 

503 

12 '70 

12-77 

654 

12 '86 

12-91 

669 

13'10 

13 16 

The values 
equation ; 

‘ Qp calc.’ were 

found from the 


Q^=10050-f 4'5/-0 001822/* gm. cal. 

The specific heat of ammonia was deter- 
j mined by Haber and Tamaru (Zeitsch. Elektro* 
chem. 1915, 21, 228); for the true molecular 
' heat at constant |i!-cssure they give : 

C??==8'62 f 0'0035/-f 6'1 X lO”*/* gm. cal. 

Nernst’s results are somewhat lower (Zeitsch. 
Elektrochem. 1910, 16, 96) : 

* pc. Cp obs. Cp calc Cp obs. Nernst 

309 10’3 10-2 9'45 

422 < 11 -0 IJ'O lO'O 

523 11-8 11-8 10'7 

81nce the reaction is exothermic and occurs 
with dlm^nution of volume, it is clear on thermo- 
dynamic grounds that the yield in equilibrium 
vi^ll bo increased by working under high pressure 
af as low a temperature as is compatible with 
an .adequate reaction velocity. Haber (Zeitsch. 
Elektrochem. 1914, 20 , 697) gives the following 
yields, in ^jercentages by volume, with the 
j mixture N 2 d- 3 H 2 . The »^^hole of the results 
I are represented by the equation : 

log Kp-2098/T-2'5088 log T 

-0'000i006T-f 0-186 X 10-«T«+2‘1 

or, approximately; Iqg Kjp=2888 T — 6*134, 
where, in both cases, 

{See also R. S. Tour, J. Ind. Eng. Chem. 
19X1, 13, 298.) 


^ Mt^mum war output in 1917. 
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Tempera- 

Equilibrium percentage of ammonia 

ture 

1 

80 

(by vol.) 
100 

200 

1000 ’ 

C. 

atm. 

atm. 

atm. 

atm. 

atm. 

200 

153 

67-6 

80-6 

86-8 

— 

300 

2-18 

31-8 

62-1 

62-8 

— 

400 

0*44 

10-7 

26-1 

36*3 

— 

600 

0-129 

3-62 

10-4 

17-6 

— 

636 

— 

— 

— 

— 

40 

600 

0-049 

1-43 

4-47 

8-25 

— 

607 

— 

— 

— 

— 

30 

672 

— 

— 

— 

— 

20 

700 

0-0223 

0-66 

2-14 

4-11 

— 

740 

— 

— 

— 

— 

14 

800 

0-0117 

0-36 

1-15 

2-24 

— 

900 

0-0069 

0-21 

0-68 

1-34 

— 

1000 

0-0044 

0-13 

0-44 

0-87 

— 


Lord Rayleigh, working with«ri mixture of 
nitrogen and hydrogen and an aeid fountain 
in his apparatus (j). 581), observed that nitrogen 
WEB fixed aa ammonia at about half the rate at 
which it was fixed aa nitiie oxide under the same 
conditions with oxygen. Maxted (J. Chem. 
8 oc. 191H, 113, 108,380; 1919, 1 15, 113; .f.Soc. 
Chem. Ind. 1918, 37, 232T ; Kng. Pats. 130023, i 
130003, 19 1 9 ; cf. Rriner, Ilel v. Chiin. iluda, 1 9 1 9, 
2 , 102 ) pointed out that the erpiation deduced 
from thermodynamica* lor the ammonia eijui- 
librium would require a change of sign of the 
heat of formation of animoma above 1000 °C., 
and hence the yield of ammonia should increase 
with temperature at very high temjieratures. 
This was confirmed exqienmentally by the forma- 
tion of ammonia from nitrogen and hydrogmi m 
the oxy-hydrogen blowpipe flame and in the 
arc. Idle Ingliest percentage obtained at atmo- 
spheric pressure was 1-5. The ])os.sibility of 
synthesising ammonia in the arc at atmo.spheric 
pressure under conditions which do not require 
absolute purity of the gases may be kept in 
mind. 

On account of the dillcRmt compressibilities 
of nitrogen and hydrogen, a correction must be 
applied in making up tlie mixture by pum]iiiig 
one gas intw a cylinder of tlie other to a given 
final pressure. This has been calculated by 
(Cochrane (Physical and Chemical Data, of' 
Nitrogen Fixation, Munitions Inventions |l)c- 
liartnient, fStationcry Ollioe, 1918). 

The catalysts which bring aboitt the union 
of hydrogen and nitrogen have been thoroughly 
investigated. Haber first used metallic (#mium, 
but this is exceedingly expensive^* Ho then 
found that uranium is nearly as efl’ectivo as 
osmium. Crude uiMiiium carbide obtaineii by 
the reduction of uranium oxide by carbon in 
the electric furnace is a convenient form, W^en 
brought in contact with nitrogen and hydrogen 
under pressure it absorbs nitrogen and falls 
to an extremely f^ine powder, which is very 
active. 

In the later developments, in which pressures 
up to 200 atm. are used, iron has been found 
suitable. Nenist found that pure iron is 
relatively inactive. Its activity is considerably 
enhanced by the addition of other substances. 
Molybdenum and niolybdic acid have also been 
found effective catalysts, after first being heated 
in a current of ammonia and changed into 
nitride. • * 


j Better yields are obtained by the addition of 
1 substances termed ‘ promoters * to iron, nickel, 
i or oobalt used as the main catalytic agent. 
These substances are specified as compounds of 
magnesium, beryllium, alumidium, or of the 
alkali, alkaline-oarth, or rare-earth metals, or 
of zirconium, vanadium, tantalum, chromium, 
manganese, molybdenum, or tungtffen. Iron 
and molybdenum appear to form a very effective 
catalyst, although the physical properties of the 
catalyst, such a.s«its tendency to disintegrate 
under pressure, must be carefully studied. The 
addition of thQ oxMe or other compound of 
fnagiiesiiini or aluminium is said to be particu- 
larly favourable. Certain substances thminish 
or destroy the catalytic property of the iron, 
&c. Nueii are, for cxanijile, arsenic, sulphur, 
scJennim, tellurium, phos])horus, boron, anti- 
mony, bismuth, tin, lead, or zinc, or their com- 
jioiinds, and the jfrcsenci' of carbon monoxide 
and dioxide, and of oil, in the gases should be 
also be avoided. The reaction gases may be 
1 freed from contact poison by passing over a 
I fuithi'r quantil-y of the catalytic agent placed 
i in advance. The mixture of iron and a promoter 
1 may be suppoited on a earner, such as asbestos 
I or fireclay, and one constituent of the carrier 
may constitute the promoter, luit it is necessary 
in this case that tlie iroiT and promoter should 
be actually mixed together. 

Deterioration of mangaii(*se used as a catalyst 
18 ])re vented by the use of a mixture of nitrogen 
and hydrogen which has been Ireed from all 
traces of oxygen, by passage over metallic 
sodium, or manganese nitride or other'substancea 
that will decompose water and absorb oxygon, 
and they may bo subjected to a preliminary 
treatment by jiassago over heated palladium 
asbestos and calcium chloride. The samS 
precautions must be taken if manganese nitride 
is UHiid. 

The production of ammonia may be modified 
by passing nitrogen and hydrogen alternately 
over if catalyst, but this method does not seem 
to be in use. 

The synthetic ammonia plant of the Badischo 
I Co. comprises two factitiics : the Oppau works, 
forming [iractically a continuation of the parent 
works at Jjudwigshafen, and the Louna works 
near Merseburg (Halle). OpptTh, winch is said 
to have cost £15,(KJ0,000, was commenced in 
1913, with a capacity of 20 tons of NH 3 per day ; 

' during the war this was increased to 200 tons. 
The synthetic nitrogen products made at Oppau 
m 1918 are stated to have been : 

Tons per annum NHg «iulvalent 


Ammonium nitrate . 10,000 4,260 

Sodium nitrate . 130,000 2(),009 

Nitric acid . . 40,000 10,800 

Ammonia liquor ^ . — 40,000 


A portion of the Oiipau works was destroyed by 
an explosion in 1921 {aee J. Soc. Chem. Ind. 
1921, 40, 381R). 

The Leuna works has been erected since 
1910, and when completed, the output will be 
800 tons daily of amiponia. The combined 
output of. Oppau and Leuna has been given as 
follojys (Statistical Supplement to Nitrogen 


^ Besults of Claude. 


Exjjorted to HdeUbt for oxidation to nitric add. 
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Products Committee Report, Stationery Office, 
1921) 

Metric tons of ammonia per day. 


1914 

1018 

1920 (estd. 
max. capacity) 

Oppau . . 25 

220 

m) 

Leuna . , ml 

400 

8001 

Total . 25 

620 

1050 

Importation of CJiile mtr 

ate by Gerinaiiy is 

longer necessary. The (j 

rcrmati Minister of 


the Interior reported that^ermany in 191(1 made; 
by ail processes 400,000 tons bf syntlietic fixed 
nitrogen. Resides synthetic ammonia, othei 
salts such as the chloride and nitrate and mixed 
salts for fertilisers are made at the 1 labor 
factories. 

The power for both plants is cheaply 2>i’o- 
duced from lignite, gasified in ‘ Ramag ’ jiro- 
dneers, 12 feet by 25 feet, with rotary grates, a 
little steam being added to the air. In the 
Oppau works (to which the following dcscri])tion 
applies) the pow'cr ])lant generates 15,000- 
10,000 h.p. A row' of 12 gas producius, each 
consuming 20 tons of lignite and ynddmg 
2,000,000 cubic feet of gas ])er day, is built 
alongside a similar row of water-gas generators, 
whitli provide the hydrogen. The latter use 
Ruhr oven coke, and are of the Pintsch ty])e 
with rotary grates, 15 feet by 25 feet, gasifying 
over 30 tons of coke to 3,000,000 cubic feet oi gas 
each daily. Some air is added, and the resulting 
gas contains about 40 i).c. JTj, 30 ii.c. (X), 12 2>.c. 
CO a, and *18 p.c. Ng. The water gas is treated 
by the Bosch process (Eng. Pats. 20770, 1912; 
27117,1912; 124700,1918; U.S. I’ats. 1115770, 
1914 ; 1200805, 19 1 0 ; Zeitsch. koinpr. niid fliissige 
( Gaae, 1914, 1(5, 187), in which a mixture of water 
gas and steam is passed over a catalyst consisting 
of ferric oxide with promoters such as chroniiuni 
oxide at a temperature of 400"’-500° when the 
reaction CO -f HaO^CO ^ + H a f akes place. The 
catalyst remains active for tw'o year!. The 
catalyst plant comprises 24 units in 2 sections 
of 2 rows of () or 7 units. Each unit has 2 
heat exchangers and 1 elevated catalyst chamhm-; 
the latter is 10 feet by 12 feet by 10 feet deej), 
with an oval cover carrying two 8-jnch pipes, 
and contains S’ trays of catalyst. The heat ex- 
changers are 30 feel by 15 feet by 6 feet, and the 
whole apparatus is lagged, so that the reaction 
takes place without external heating. (The 
addition of a little oxygen or air to the gas has 
been described as a means of maintaining the 
temperature, a free flame burning in the catalyst 
chamb(«f.) The gas issuing from the converters 
(in which the reaction is conducted at atnio- 
sphijiric pressure) contains a little CO (according 
to Greenwood, Industrial Gases, p. 163, this 
may be 2 ’5 p.c.) and m\ist be purified from 
COg, residual CO and HgS (from sulphur in the 
coke). 

The purification (Eng. Pats. 9271 of 1914 ; 
120546 of 1918; Fr. Pat. 389671 of 190S ; 
U.S. Pat. 1196101 of 1916) is carried out by 
washing out the CO2 with water under pressure 
(Eng. Pats. 11878 of 1910; 124761 of 1918); 
washing finally with feoda (Eng. Pat. 15053 of 
1914) is not used. Carbon monoxide is taken 

^ When complete ; this capacltj was not reached In 

1020. 


out by washing with ammoniaoal copper formate 
solution and hot caustic soda solution under 
high pressure (Eng. Pat. 1759 of 1912 ; U.S. Pats. 
1126371 of 1915; 1133087 of 1915; J. Araer. 
Chem. Soc. 1921, 43, 1) which also takes out 
HjS. The copper solution contains excess of 
ammonia (not less than 6 p.c.) to prevent iron 
being attacked ; the soda solution may contain 
25 p.e. NaOH, and is brought in contact with 
the gas at 260° under 200 atm. 

in the purification from carbon dioxide tlfc 
gas, earned by a 3-fcct main from the con- 
verters, IS compressed to 25 aim. and passed 
to the bases of 8 stcpl towers, 30 feet by 4 feet, 
packed with rings, into the tops of which water 
at 25 atm. pressure is injected by circulating 
pumps. The water issues charged with CO 2 ; 
it is jmssed through Pelton wheels, in which 
60 p.c, of tfie power is recovered, and the CO2 
evolved is collected. It is important that the 
amount of CO 2 recovered is more than sufficient 
I to convert all the aminoiiia made into sulphate 
I by the gypsum jiroeess, or into chloride by the 
ammonia-soda process (sec below). The gas is 
now passed through steel bottles which act as 
spray eatcliers to the high-pressure plant. Here 
it 18 brought to 200 atm. and delivered to the 
carbon monoxide jmriliers. 

'Fins ])lant consisf-s of 16 towers of special 
steel, each in one 2)iece, 25-30 feet high and 
2 feet 0 inches external diameter, with flanged 
ends, and packed with Guttmann balls. In the 
first eight of these an ammoniacal copper 
formate solution is circulated, in the remainder 
caustic soda (CO f NaOH=ll‘COONa). The 
liquids arc circulated by 8 hydraulic pumps of 
forged steel, 200 h.p. total, and the ammoniacal 
copper solution, which absorbs ten times its 
volume of CO, is passed down a 40-fcet tower, 
when the gas is released and collected. Spray 
traps in the form of vortical steel bottles are 
placed under these towers. The presence of 
0‘01 p.c. of CO in the final gas is said to bo 
injurious. 

The purified hydrogen (with some nitrogen 
from the air mixed in the water-gas operation) 
is now passed to the catalyst jdant by a high- 
pressure main. The nitrogen content is brought 
up 'to the ratio N2 : SHg from a Linde plant and 
the gas is dried. 

'J’ho catalyst plant in which the mixture is 
converted into ammonia consists of 15 steel 
bombi', each comprising two straight flanged 
sections, feaeh 6 m. long and 80 cm. internal 
diameter, the walls being 18 cm. thick. These 
ard bolted together and- the covers are held on 
by fifteen 4-iiich studs. The walls are perforated 
at intervals of 1 foot with ^-inch tapering holes. 
Inside is a special steel liner, making a gas-tight 
joint with t^.e ends (U.S. Pat. 1188530, 1916; 
D. R. PP. 254571 and 2562»6, 1911)— this is to 
prevent attack of the carbon-steel bomb by the 
hydrogen; a lining of electrolytic iron might 
also be possible. Inside this liner is probably a 
refractory lagging and a support for the catalyst, 
the internal diameter of the catalyst space being 
50 cm. The outer walls are heavily lagged, ana 
reach 300°-400° ; the catalyst is at 6W°. The 
temperature is maintained by heat exchangers, 
con^sting of forged steel tubes, 6 m, long and 
15 inches external diameter, fitted internally 
with nests of g-inch steel tubes autogenously 
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welded into end plates. Each catalyst unit 
(costing 100,000 marks) is mounted vertically 
with its heat exchanger inside a brickwork 
compartment with strong iron doors and plank- 
ing, with a little of the bomb projecting above. 
Starting is effected by adding oxygen (which 
does not come in contact with the catalyst) 
(D. R. P. 259870, 1911) or by electrical heating 
(U.S. Pat. 1202995, 1916). An iron cataly.st 
with a promoter (possibly molybdenum) is used 
(D. R. P. 265295, 1912). 

♦ The gas is circulated through the catalyst ; 
argon and methane may accumulate up to 
several p.c. ; 10 p.c. of the gas is lost by leakage. 

The ammonia is removed from the gas by 
solution in water under jiressure (D. R. PP. 
235421, 1908; 270192, 1912); liquefaction 

(U.S. Pat. 1202995, 1916) is not economical. 
Three water injector pumps arc connected with 
9 sets of absorbers, each consisting of 3 water- 


gas being in large part effected by one of the 
cylinders of the 200 atm. compressors, although 
a fevt pumps for 25 atm. are provided. Pelton 
wheels recover about 40 p.c. of the energy of 
the released gas, which is utilised to compress 
the water to 25 atm. The poii^er for this part 
of the platt is 40,000 h.p. 

For the removal of the carbon monoxide, 
the gas compressed to 200 atm. by twenty-four 
1000 h.p. compressors and twelve 500 h.p. 

! compressors is scrubbed in 19 towers with 
^ arnmoniacal coppe!» formate solution circulated 
by 9 double pumps of 600 h.p. Ilie carbon 
n^onoxide recovesed ffy reducing the pressure 
in towers is sent along with water to the hydro- 
gen contact plant. Six towers for caustic soda 
I remove the remaining carbon monoxide, the 
j soda being circulated by 6 small pumps. 

I I’lie gas now passes to 9 ^raall contact fur- 
[ naces (' Vorofen ’), in which the remaining 


cooled steel spirals set vertically, the upper 
spiral being 00 feet above ground. 'I’lie gas 
passes down the lowest s])iral, rises to the top 
of the second spiral and passes down this, and 
similarly with the third spiral. Water flows 
down all the spirals by* gravity. A solution 
containing 25 p.c. NIT^ is obtained. The gas is 
dried and sent back to the catalyst systmn. 

The personnel at Oppau comprises 1506 
labourers, 3000 mechanics, 350 clerks, and 350 
chemists. The fuel requirements (MiK’onnell, 
J. Ind. Eng. tfliem. 1919, 11, 837) are 1750 tons 
of lignite (400 for gas engines, 1000 for steam 
for Hj plant, and 350 for power plant), and 
600 tons of coke (for II 2 ) per day. The daily 
cost of labour is £2,300, of fuel £2,300, and 
working expenses, interest, &c. £(>700. 

The Haber process carried out at Merseburg 
differs from that at Oppau in two respects : 
(1) the mixture of nitrogen and hydrogen is 
made directly by treating a mixture of producer 
(air) gas and water gas, with the addition of 
steam, by the Bosch process^ ( Eng. Bat. 16209, 
1920) ; (2) the purified mixture of nitrogen aiicl 
hydrogen, before passing to the main catalyst 
furnaces, is ]m8sed through a series of small 
catalyst furnaces (‘ Vorofen ’) to remove im- 
purities (Eng. Pat. 5835, 1911). 

There are 31 gas generators, 5 for air gAs 
and the rest for water gas, all the air being pro- 
vided by two blowers, each of 350 Hi. p. The 
gases are passed through three gasholders, each 
of 1,705,000 cubid feet capacity, providing a 
reserve for fifteen minutes. From thes^ the 
gases are taken and mixed by blowers. I'he 
mixed gas then takes up the requisite amount 
of water vapour in two »ow8 of six towers, cif^h 
82 feet high, through which hot water is pumiifd 
by seven pumps, each of 70 h.p. The water is 
warmed in a tower by the gases leaving i he heat 
exchanger of the contact furnaces for the 
hydrogen producticAi. There are 48 heat 
exchanger towers. 

The gases, containing hydfogen, nitrogen, 
carbon monoxide, steam and some carbon dioxide, 
now pass, after pre-heating, to two sets of 
24 contact furnaces, in wliich the reaction 
CO+HaOl^COj+Ha occurs. The gas passes 
to two gasholders, one of 350,000 cubic feet 
and the other of 1,050,000 cubic feet capacity. 
Carbon dioxi^ is removed by washing irf 21 
to 30 towers at 26 atm., the compression of the 


impurities arc removed by catalyst mass before 
])assiiig to the mam contact furnaces. 'Phere 
are 24 main catalyst furnaces (5 being in reserve), 
and 24 heat exchangers. Circulation is effected 
by 11 pump.*? of 700 h.p. each (‘Umlauf- 
puni])en ’). 'J’hc ammonia formed is absorbed 
in water, compressed to 200 atrn. by five 
100 h.p. and two 300 h.p. ])innps in 20 towers 
39*3 leot high and 29 inches diameter. The 
ammonia solution is passed to an expander, the 
ammonia gas evolved being absorbed in a 
sejiarato tower. In the expansion the hydrogen 
and nitrogen gases dissolved in the water under 
200 atm. ])ressurc arc liberated ; those pass 
through the ammonia scrubbing tower and are 
collected in a gasholder, from which they ro- 
eutcr the circulatory system. 

The Badische Co. (T). R. B. 300724, 1920; 
cf. I). R. B. 299752, 1919) prepare synthetic^ 
ammonium sulphate by the interaction of a * 
solution of ammonia in water, finely powdered 
gypsum, and carbon dioxide : 

2NHa-fCf>„ I 

• “ =(NR4)2S04+CaC03(ppd.) 

(.w also Wride, ('hem. Age, 1920,2,32). They 
also prepare ammonium ^hloride, apparently by 
A modification of the ammonia-soda process 
(Zeitsch. angew. (!hcm. 1918, 31, 6.54), the salt 
being applicable as a fertiliser (Cjjpm. ind. 1919, 
42, 438). 

The only other synthetic ammonia factory 
outside Germany is the United States Nitrate 
Factory No. 1, at Sheffield, Alabama, erected 
during the war. 'Phis utilises the modified 
Haber process of the General C^hemical Co. 
(U.S. Bats. 1141947-8, 1915; Eng. Pats. 

120546, 1918 ; 124760-1-2, 1018). The ^talyst 
is jirepared by impregnating pumice with nickel 
or ferric nitrate, heating to 550"’, reducing at 
this temperature with hydrogen, and treating 
with sodium and ammonia gas at 450“. Soda- 
mide is formed in the spongy metal, and the 
mass acts at 500“ under 70 atm (a rnucli lower 
pressure than that used in Germany). The 
plant was designed to produce 21 '5 tons of NH, 
daily, and cost 13,000,000 dollars, (Fairlie gives 
the cost as 20,000,000, other authorities as 

14.000. 000) ; the synthetic, ammonia section cost 

7.000. 000 dollars but requires another milHon 
for completion. Three units are installed. The 
works was operated for a short time, but great 
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difficulties were encountered owing to faulty 
design, and the works was closed in January, 

1919, abo\it three months after work began. 
The process developed into a straight blue water 
gas make, followed by addition of air in the 
hydrogen convei-ters for flame combustion to 
mfiintain the temperature. (Caustic Scrubbing 
was discarded as giving too much sediment, and 
ammoniacal cuprous carbonate alone was used 
at low temperatures. The catalyst furnaces, 
which were operated at 100 atm., were similar 
to the well-known Badischc converters for SOg, 
but much tlncker and callable of withstanding 
pressure. The catalyst was contained in the 
internal battery of iron tubes. Self-healing was 
not attained (R. S. Tour, J. Ind. Eng. Eliom. 

1920, 12, 844). The Haber process was in- 
vestigated in England during the war liy the 
Munitions Inventions Department, and a factory 
was begun at lidluigham-on-l’ees. The under- 
taking was acquired by Brunner, Mond and (!o., 
who arc understood to bo erecting a factory for 
the production of 20 tons of ammonia per day, 
with possibility of extension. In France the 
process is to be worked by the (Vunpagnio 
Nationalo de 1’ Azote, under agreement with the 
Badisohe Co,, and similar arrangements have 
been made in Italy and Japan. For ] lost- war 
progress in nitrogen fixation see J. A. llarker, 
J. fSoc. Chem, Ind 11T22, 41, .'187 R. 

The Claude Process of Ammonia Synthesis.— 
The increased production of ammonia which 
would result from the use of very high pressures 
in the presence of catalysts is theoretically self- 
evident. The attainment of those very high 
pressures has been described by C. (■laudc 
(Eng. Pats. 130080, 1018; 14()083, 140080, 
142180, 150744, 153254, 1020; proposal to 
obtain hydrogen from coke-oven gas by remov- 
‘ mg methane by washing with a solvent, such as 
ether, at -50‘’(;. under 100 atm. pressure, 
Eng. Pat. 130358, 1910; ('ornpt. rend. 1021, 

172, 974; production of hydrogen from water 
gas by partial liquefaclion, Coinpt. rend. 1921, 

173, 653). The increased evolution <Sf heat 
consequent on the greater yield of ammonia has 
then to be eliminated (Eng. Pat. 150771, 1920; 
Compt. rend. 1922. 174,'' 157, 081 ). The gas aften, 
one jiassago over the catalyst at 900-1000 atm., 
which are the pressures specified, is so rich in 
ammonia (over‘"20 p.e. by vol.) that the latter 
may be liquefied out by water cooling, and the 
cold produced by the evaporation of the liquid 
ammonia utilised. A somi-technicid Claude 
plant, dealing with 1 ton of gas jier day, is in suc- 
cessful operation at Montereau, near Fontaine- 
bleau ; the British right's have lieen acquired 
by the' Cumberland (!oal Power and Chemicals 
Co., who propose to erect a factory at Great 
Clifton, Cumberland, for the production of 
50,000 tons of ammoniuip chloride per annum. 
It is proposed to combine tlie synthetic ammonia 
process with the Schreib modification of the 
ammonia-soda process (D. R. P. 36093, 1885; 
see Sodium Carbon a.te) for the production of 
ammonium chloride, but ammonium sulphate 
will also be manufactured (J. Soc. Chem. Ind. 
1921, 40, 420R). 

Fixation oir NtTbogen as Nitrides. 

Many elements such as lithium, calcium, 
magnesium, and boron absorfi nitrogen when 


heated, forming nitrides, t.g. LijN and CagNis, 
which are decomposed by water with evolution 
of ammonia : Ca3N2-j-6H20~3Ca(0H)2+2NH8 
{see Maxted, Ammonia and the Nitrides, 1921). 
Owing to the difficulty of reducing the 
hydroxides to metals the use of such substances 
as intermediaries in a continuous process for 
the fixation of atmospheric nitrogen has not 
fdund industrial application. A more promising 
reaction is the formation of aluminium nitride, 
AIN, from nitrogen and a mixture of alumina 
and carbon at very high temperatures ; p 

A1,{)3 k3C-l-No ^ 2A1N+3C0-2J3'2 kg. caL 
Aluminium itself begins to absorb nitrogen at 760° 
(Fieliter and Ocsterhold, Zeitsch. Elektrochem. 
1015, 21, 50) Aluminium nitride can be decom- 
posed by heating with water and a little alkali 
under pressure, with the production of alumina, 
winch may .s^rve for the manufacture of metallic 
aluminiuiu : AlN+3iL,C-- Al(01I)a-f NH^. 

These reactions wore apjilicd in the Sorpek 
procea.s (Eng. Pat. 13080, 1010, and numerous 
later }iatents), which was worked for a time in 
th(‘ Savoy, but later abandoned. The absorption 
was found to be greatly ai;celcrated by the 
presence of iron oxhle, so that bauxite forms a 
suitable raw material. The mixture of bauxite, 
and coke was heated in a stream of producer gas 
in a revolving tube furnace m the walls of whnih 
wore embedded carbon rods carrying an electric 
current to lieat the mass. A temperature of 
1800X1. was necessary and the refractories 
Hufiorod considerably. 'Phe original claim was 
I kg. N fixed for 10 -12 kw. hr., a very attractive 
figure. The residue after decomposition could 
be used for the manufacture of aluminium. 

Exjieriments were conducted by the Alu- 
minium (!o. of America, with the object of find- 
ing a suitable refractory. Serpek states that a 
mixture of hydrogen and nitrogen gives better 
results than producer gas in the revolving fur- 
nace. In the latest tyjie of furnace (Zeitsch. 
komyiriraierte u. fliiss. Gaso, 1914, 1 0, 55) rotation 
is abandoned and a short chamber, 4 m. high 
and 1 '5 m. wide, is used. The mixture of 
bauxite and carbon is dropped through the 
nitrogen at a temperature not exceeding 1250°- 
1300°, and conversion takes place more rapidly 
thavi the 5 to 0 hours’ contact required in the 
revolving furnace. It is said that addition of 
hydrogen to' the gases is not essential ; producer 
gas is used and pure carbon monoxide passes 
out of the furnace. Two tons of alumina are 
obtained and 500 kg. nitrogen fixed per h.p. 
year. The process does not appear to be used 
on ihe industrial scale. ISee also Escher, Chem. 
Zeit. 1918, 42, 353, 301 ; Shoeld, U.S. Pat. 
1344163, 1920; Herman, D. R. P. 319046, 
1020 .) 

Fixation up Nitrogen as Cyanides. 

Dawes, in 1 835, found that cyanides are pro- 
duced in the bla^i furnace, and the researches of 
Bunsen and Playfair (B. A. Rep. 1845) showed 
that these cyanides are formed by the inter- 
action of atmospheric nitrogen with potassium 
and carbon compounds in the furnace. Lewis 
Thompson, in 1839, found that when nitrogen 
is passed over a mixture of potassium carbonate 
and- carbon at a high temperature, potassium 
cyanide is formed ; with sodium carbonate the 
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yield is very small. The process was used on a 
small scale at Crenelle (Possoz and Boissiere, 
Fr. Pat. 12205, 1842) and at Newcastle-on- 
Tyne, but owing to the intense action of the 
materials on the furnaces the method was dis- 
continued. In 1860 Margueritte and de Sour- 
deval (Eng. Pats. 1027, 1172, 1860 ; cf. U. R. PP. 
190955, 197394, 1906) found that barium hydr- 
oxide or carbonate gives better results than 
potassium compounds. Barium cyanide is 
formed which may be decomposed with steam 
9k 300° with evolution of ammonia : 

Ba(0N)2+4H2O = Ba(()H)2+2NH3-f2CO. 

The process was worked, with improvements, by 
Mond (U.S. Pat. 269309, 1882), but ultimately 
abandoned. Readman used the same jirocess, 
with electrical heating, between 1899 and 1907, 
at the works of the Scottish (lyaindcs ('o., and 
cx]>oriments are at present being cwricd out at 
Birmingham on the process. 

A new imjietus was given to the cyanide 
process by the publication by J. E. Bucher 
(J. Ind. Eng. (tiem. 1917, 9, 233) of the claim 
that nitrogen can bo economically fixed as 
sodium cyanide by heating an intimate mixture 
of equal weights of sodium carbonates finely 
ground charcoal, and metallic iron at 950° in a 
current of nitrogen : 

Na2(J()3+40+N2-2Na(.!N-| 3C()-138-5 kg.cal. 
Later experiments indicate tliat above a tern- 
jierature of 1080° the cyanide decomposes. 
The resulting product was said by Bucher to 
contain 20-30 p.c. of sodium cyanide, or 5 7- 
8*7 p.o. of nitrogen. It may be decomposed by 
heating in steam with formation of ammonia 
and sodium formate : 

Na0N-f2H2O-H*a)2Na+NH3 

All the essential features of Bucher’s jirocess 
had been patented by Adler in 1881 (D. R. P. 
12351), but the rights were allo\vcd to lapse. 
The process was invisstigatod on a technical 
scale by the U.S. Government at Saltville, 
Va., and by the Air Reduction Ck). (J. liid. 
Eng. Cheni. 1919, 1016 j Met. and ('hem. Eng. 
1920, 22, 313). The U.S. (xovernment plant 
at Saltville was ready for operation at the 
armistice. A mixture of sodium carbonate, 
carbon and powdered iron was externally headed 
in iron tubes at 1000°(k The product was ex- 
tracted with anhydrous liquid amimtiia, wliich 
dissolves only NaCN. The product contained 
92 p.c. NaGN {^^ee Brown, J. Ind. Eng. ^hem. 
1919, 1010; U.S. Pats. 1313313 and»1314236; 
Hara and Haya.shi, J. Chem. Ind. Tokyo. 1919, 
22,175; Clancy, U.S. Pat. 1329652; Met. a*id 
Chem. Eng 1920, 92, ^6). G. W. Heiso and 
H. E. Foote (J. Ind. Eng. CJhem. 1920, 12, 3^1) 
describe the production of ammonia and formates 
from cyanides. Poor results wore obtained by 
heating Bucher briquettes in steam at 50 lb. pres- 
sure, hydrogen and forroeyanides being formed. 
Under 300 lb. pressure, 92*5 p.c.^if the ammonia 
was evolved; at 120-130 lb. pressure 68 p.c. of 
the ammonia was evolved, together with some 
hvdrogen. C. F. Bierbauer and L. S. Finch (U.S. 
Pats. 1295262 and 12^5293, 1918) dissolve the 
crude cyanide as rapidly as possible'by blowing 
the pulverised briquettes into a tank equipped 
with a water spray and agitator, filter rapidly 
and heat the solution with steam under 121Tlb. 
pressure, the ammonia being allowed to ^scape 


through a release valve set at 50 lb. pressure* 

If the briquettes could be steamed without dis- 
integration they could be put back into the 
retorts three times unless the formates and 
oxalates are to be recovered. Barium com- 
pounds might be preferable tfi sodium, it is 
stated. With steam at aimospherio pressure a 
terajierature of 600° is required for good results ; 
at 100 lb. pressure, 400° is sufficient. There are 
no indications of side reactions, ammonia and 
formate being the only products, F. T. Metzger 
(U.S. Pat. 1313312*and 1313313, 1919) extracts 
formates from the residue with aqueous ethyl 
or methyl alcohol,(20-60 ]).e. alcohol). Cyanides 
nfay be extracted with aqueous acetone. Mount 
(U.S. I’at. 1329721; Met. and (Jhem. Eng. 1920, 
22, 709) uses a eoiitinuoiis j)r()ees8; Thompson 
{ibid. 1922, 26, 124) states that a pure form of 
carbon is neeessarj. ■* 

The production of hydrocyanic acid by 
striking a oarhon atV; in a mixture of hydrogen 
and nitrogen was observed by Dewar in 1879 
(Chem. News, 39, 282). Griiskiewicz (Zeitsch. 
Elektrochcm. 1903, 9, 83) obtained HCN from 
(JO, 11 2, and Nj m contact with the arc. The reac- 
tion was investigated by Smith and Hutton (Tr. 
Anu'!'. Electroebem. »Soe. 1908). The reaction 
N,+Ho+ 2C^2H(JN begins at 1800° and 
increases rapidly with ,|em])erature. Good 
results arc obtained with mixtures containing 
C(J, and with producer gas (.sec Difienhach and 
Moldenhauer, 1). R. 228539 ; Consortium fiir 
Eloktrochemischc Industrie, D. R. PP. 263692 
and 268277). Lipinski (Zeitsoh. Elektrochcm. 
1911, 17, 761 ; Moscieki, ibid. 877) produces 
HCN from methane, hydrogen, and nitrogen in 
the electric are. In 1914 the process was in 
operation on a technical scale at Ncuhausen 
in Switzerland. The conversion was said to bo^ 
quantitative: 2(’H4-f-N2- 2H(JN-1-3H2 The 
best results were obtained with a mixture con- 
taining 5-10 ji.c. of methane, 13-24 p.c. of 
nitrogen, and 66-81 p.e. of hydrogen. A yield 
of 30 gmim HCN per kw. hr. w*as claimed. The 
chief difficulty was the deposition of graphiioidal 
carbon on the electrodes. Brmor and Baerfiiss 
(Hclvet. chim, Acta, 191^, 2, 663) obtained the 
highest yields under low pressure with excess 
of nitrogen. The maximum yield was 7*4 gram 
HCN and 0*5 gram NH3 per^kw. hr. with 
CH4+6N2 at 100 mm. pressure. P. A. Starke 
(U.S. Pat. 1306862) reduced the temperature by 

J iassing the gas over a catalytic mass of iron, 
lickel, cobalt, and an alkaline earth oxide at 
800°-1000° without an arc. Lipmski uses 
metallic vapours and CaClj vapour in the arc 
for increasing the yield. 

The Cyanamide Process.— The syntifesis of 
hydrocyanic acid was effected in 1868 by 
Berthelot (Compt rend. 1868, 67, 1141), ^ho 
passed an electric ^.uc through a mixture of 
acetylene and nitrogen : C.2H2-f-N2=2HCN. 

Berthelot expressed the opinion that cyanides 
could bo prepared by the action of nitrogen 
on carbides at high temperatures. Although 
cyanogen has been detected in the spectnim of 
a carbon arc in nitrogen, the gas could not be 
isolated on account of its instability (Warten- 
berg, Zeitsch. anorg. Chem. 1907, 52, 299). In 
1894 Moissan found that calcium carbide could 
be prepared by heating a mixture of lime and 
carbon in the eltectjic furnace. In the pure 
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state, according to Moissan (Compt. rend. 1894, 
118, 601) calcium carbide does not absorb 
nitrogen at 1200°C. F. Rothe, working yith 
crude carbide, found that absorption of nitrogen 
occurred readily at that temperature, but the 
product is not (Ailcium cyanide but a mixture 
of calcium cyanamide and graphite ; i« 

, CaCo-l“N2~CaCN2~i"C 
This discovery was patented by Frank and 
Caro, who are usually given tlie credit for the 
cyanamide process (Zeitsch. a^igcw. Chem. 1906, 
19, 835; ibid. 1909, 22, 117H). If the mixture 
BO obtained is fused with* sodium carbonate or 
chloride, sodium cyanide is formed : * 

CaCN 2 +C+Na 2 CX),- 0 aC 03 + 2 NaCN 

If barium carbide is used instead of calcium 
carbide, 30 p.c. of 'the nitrogen is absorbed as 


barium cyanide and the rest as barium cyanamid® 
(Erlwein, Zeitsch. angew. Chem. 1903, 633). 
Cyanides were made bt this process by the 
Frankfurt Gold- und Silber-scheideanstalt, the 
Deutsche Bank, and Siemens and Halske. On 
heating calcium cyanamide with water in an 
autoclave, or with superheated steam, ammonia 
is evolved : CaCN 2 + 3 H 20 =CaC 03 + 2 NH 3 . 

The - raw, dark-grey product obtained by the 
absor{)tion of nitrogen by calcium carbide is 
I known as ‘ nitrolim,’ or ‘ Kalkstickstoff.’ It 
contains about 20 p.c. of combined nitrogeil 
When treated witli water to remove unchanged 
carbide, the jiroduct is known as ‘ cyanamide,’ 
and is used as a fertiliser. 

I The production of calcium cyanamide is 
I shown in the following table, taken from the 
I Statistical Sup]demcnt to the Kcyiort of the 
! Nitrogen Products Committee, 1921. 


•Me-itiio Tons op Calcium Cyanamide. 


Country 

101.3 

1914 

1915 

1910 

1917 

1918 

1919 

Germany 

48,500 

66,000 

73,700 

170,920 2 

183,100 2 

178,000 


Austria-Hungary , 

7,500 

(24,000) 

(24,000) 

(24,000) 

24,000 

24,000 

— 

France. 

7,500 

(7,500) 

(80,000) 

(100,000) 

100,000 

100,000 

— 

Italy . 

]4,»)82 

15,556 

25,292 

25,105 

12,300 

16,000 

— 

Norway 

* 22,110 

14,670 

25,000 

26,409 

182,387 

178,472 

— 

iSwedcn 

18,352 

18,000 

16,363 

18,000 

17,613 

21,628 

— 

Switzerland . 

7,500 

(7,500) 

(12,500) 

(29,500) 

40,000 

40,000 

— 

Canada ^ 

48,000 

(58,000) 

(58,000) 

(58,000) 

58,000 

68,000 

65,317 

United States 

— 

— 

— 

— 

— 

3,000 2 

3,600 2 

Japan . 

7,000 

11,171 

30,278 

33,462 

50,802 

60,802 

— 

[Equivalent com -I 

181,444 

1 

222,397 

345,133 

485,396 

668,202 j 

1 668,802 

68,817 

i bined nitrogen on ( 
1 basis of nitrogen 1 
( content of 18 p.c. j 

32,660 

1 

L. 

40,031 

62,124 

87,371 

120,276 

120,384 

12,387 


Brackets indicate prod|(;‘ti\e capacity rather than actual output. 


Pure calcium cyanamide is obtained by 
heating dicyandiamide with calcium oxide at 
900°-1000°C. in nitrogen gas (Kamcyama, J.«i 
Coll. Eng. Tokyo, 1920, 10, 173). The formation 
of cyanamide has been studied liy M. de K. 
Thompson and R. H. Lombard (Met. and Chem. 
Eng. 1910, 617, 682), who found that the system 
comprised of CaCj, CaCNg, C, and Nj is mono- 
variant, i.e. there is at every temjicrature a* 
fixed pressure of nitrogen in equilibrium, and 
this pressure is very approximately a linear 
function of the temperature between 1060^ and 
1460®C.« Le Blanc and Eschmaim (Zeitsch. Elek- 
trochem. 1911, 17, 20), on the other hand, find 
thattthe pressure depends on the nitrogen con- 
tent of the solid phase as^w^dl as on the tem- 
perature, which indicates that solid solutions 
are formed. Other things being constant, the 
rate of absorption is proportional to the pressure 
(Bredig, Fraenkel, and Wilke, Zeitsch. Elektro- 
chem. 1907, 13, 69, 605). The action of fluxes, e.g. 
calcium fluoride, in the formation of cyanamide 
has been studied by the last-named authors, by 
Foerster and Jacoby (tfidf. 1907, 13, 101 ; 1909, 

1 Works owned by American Cyanamide Co 

* Probably does not include cyanamjde nsf“ 

® Production commenetd just prior to the 


15, 820), and by Polzenius (D. R. P. 163320). 
Oalcium chloride lowers the temperature ■ of 
absorption of nitrogen from 1100°C. to about 
8(A)"r., calcium fluoride to OOO'^C. The action 
of file fluxes is supposed to be the removal of a 
protecting f Im from the surface of the carbide. 

The heat of reaction per mol. of carbide, 
CaCa-f N 2 — CaCNg-f 0 (graphite), has been cal- 
eulateu by Matignon (Ann. Chim, 1908, 14, 61) 
as43'76kg. cal., and by Dolch (Zeitsch. Elektro- 
chem. 1920, 26, 455) as 58’7 kg. cal. By 
measr-rement of the hei#!;. of combustion of pure 
calrium cyanamide. N. Kameyama (J. Coll. 
Eng. Tokyo, 1920, 10, 173, 249) finds the heat 
of reaction to be 74-99 kg. cal., or 2*78 kg. cal. 
per gram of liitrogen fixed. The heat of forma- 
tion of calcium cyanamide from its elements he 
calculates as 94-82 kg. cal. (amorphous carboiri. 
The heat evolvecl in the formation of ammonia 
from cyanamide he gives as : , 

CaCNj-f SHgO (liquid) 

=CaC08(calcite)-f2Nir3(gas)-f 14-13 kg. cal. 
This gives 415 C.H.U. evolved per Ib. of 

i as a Source of ammonia for munition purposes. 
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ammonia; Landis estimates this at 200-300 
C.H.U. in the autoclaves. 

The processes in use for the absorption of 
nitrogen by calcium carbide may be divided into 
three groups; (1) those in which externally- 
fired retorts are used, and the process worked 
^scontinuously ; (2) those in which the carbide 
is heated by electricity passed through a carbon 
rod in the mass of carbide, the process being 
tvorked discontinuously ; (3) those in which the 
^rbide is passed continuously through an 
Metric furnace in a current of nitrogen. 

The overall power requirement for cyanamide 
production, including carbide, is 2*3 kw. yr. 
(of 8500 hr.) per metric ton N fixed; or, as 
0*6 kw. yr. is required per ton of carbide, and 
4^ton3 of carbide are required to fix 1 ton of 
nitrogen as cyanamide, the power required for 
conversion of carbide to cyanamj^e alone is 
0-3 kw. yr. per metric ton N fixed. 

Calcium cyanamide was first made in 1906 on 
a technical scale at Piano d’Orte, in Italy (Zeitsch. 
Elektrochem. 1906, 12, 651). The manufacture 
of cyanamide at Odda, Norway, was begun 
by the erection in 1908 by the Alby Carbide 
Factories, Ltd., of a carbide factory for a yearly 
output of 32,000 tons of carbide, together with 
the erection of an adjacent factory by the North 
Western Cyanamide Co. for the production of 
12,000 tons of calcium cyanamide per annum. 
Later, a cyanamide works was erected at Odda 
for the production of 16,000 tons per annum. 
The name of the Alby Carbide Co. was then 
changed to the Nitrogen Products and Carbide 
Co. (Zeit. fiir kornprimiert. und fliissige Gase, 
1010, 18, 168). The production at Odda is given 
as follows : — 

Carbide made Carbide used for 
per annum cyanamide per annum in 
In tons ' tons 

1908-1912 . 32,000 10,000 (15,000 kw. power 

used) 

1912 . . 86,000 57,000 (37,000 kw. used ; 

4500 for motors) 

The carbide facti»ry uses yearly 160,000 tons of 
Norwegian limestone, 60,000 tons of English 
anthracite, and 16,000 tons of English gas-eoke. 
The nitrogen is obtained from a Linde apjiaratys 
in 7 unit*, producing 2830 cu, m. of nitrogen per 
hour (each unit 100,000 cubic feet per hour), 
and dealing with 100 tons of liquid £lir per day. 
In the cyanamide furnace house there are about 
600 furnaces, composed of cylindrical* steel 
rings lined with refractory brick ai»d lagged 
outside. Each furnace takes 460 kgm. of car- 
hide in an inner retort. A carbon ro^ passes 
down the centre of fho carbide and each 
furnace has a separate nitrogen gas connectiAi. 
The furnace is closed at the top, heated to 
1100'^-12(X)°, and nitrogen passed m. 8intering 
occurs and the charge shrinks froirf the retort. 
The nitrogen penetrates to the centre of the 
‘charge through cracks in the, mass, and the 
charge is converted from the outside to the 
centre in about 30 hours. The retorts are then 
taken out of the furnaces and sent to a cooling 
room in which are two large fans . The cyanamide 
is tipped out and crushed. The crushed material 
is sent to a silo of 7000 tons or to the hydrating 
and oiling plant. In this it is mixed with water 
meohanioaUy land the mass, which beocAues 
heated, is passed through a rotating tube for 
VoL. IV.— 2^. 


cooling. The drv powder is then mixed in mills 
with oil and packed in bags. 

A4)out 1-7 tons of limestone and 0-2-0 -3 ton 
of ordinary coal are required to produce enough 
lime for a ton of carbide. About 0-62 ton of 
anthracite are required, with the lime, for this 
purpose. The consumption of electrodes 
amounts to about 0'026 ton per ton of carbide. 
The reaction CaO-f 3C=CaCj+CO is endother- 
mic, requiring in jiractice about 0*6 kw. year 
per ton of carbide. A capacity of 20,000 tons of 
carbide per annum^is regarded as the minimum 
economic capacity of^ single carbide furnace. 
Tfio nitrogen frftm the Linde apparatus at 
Odda contains less than 0-4 p.e. OTcixygen. In 
the new Alby w^orks a Claude apparatus is 
installed, the nitrogen from which is said to 
contain less than 0*2 p o. of u:^gen. The energy 
consumption is about 0‘4 kw. hr. percu. ra. Nj 
in the Linde, and somewhat less in the Claude 
plant. The Alby (ilarbide Factories, Ltd., was 
in liquidation in 1922. 

In part the Niagara works the nitrogen is 
produced by passing air over red-hot copper, 
the oxide formed being reduced by coal gas 
rich in hydrogen from the coking plant used in 
connection with the carbide furnaces. The new 
plant at Niagara uses liquid air. The presence 
of oxygen, moLsture, carhop dioxide, and carbon 
monoxide in the nitrogen is deleterious, on 
account of the following side reactions in the 
preparation of cyanamide : 

(1) CaC2-f2H20-Ca(0H)2+C8Ha 

(2) CaC2-faO=CaO+3C 

(3) 2CaC2-fC()2=2(’aO-f6C 

(4) CaC2-f202=CaC03+C0. 

The Muscle Shoals Nitrate Plant (A. M. Fairlie, 
Met. and Chein. Eng. 1919, 20, 8; C. Jones,^ 
ibifl. 1920, 22, 182) is the largest cyanamide 
factory in the world. Cyanamide had been made 
since 1909 at Niagara (Landis, J. Ind. Eng. Chem. 
1910, 8, 156), and at the outbreak of war this 
plant h^d a capacity of 64,000 tons per annum. 
Late in 1917 the American Cyanamid Co. 
formed a subsidiary company, the Air Nitrates 
Corporation, to erect the U.S. Nitrate Plant 
No. 2 at Muscle Shoals, Alabama, for a capacity 
of 110,000 tons of ammonium nitrate per annum. 
Plants 3 and 4 at Toledo andj^fincinnati, re- 
spectively, were completed as buildings only at 
the time of the armistice. 

In the construction of Plant 2 at Muscle 
Shoals, which is said to have cost £12,000,000, 
20,000 men were employed on a site of 2200 
acres, a town of 12,000 people coming into 
being. When operating at full capaci^ the 
plant employs 3000-4000 men. Muscle^fehoals 
is on the Tennessee River, between SheflSeld and 
Florence. The parts of the plant compifse ; 
(1) the Power Plani?; .(2) the Carbide Materials 
department ; (3) the Carbide Furnaces depart- 
ment ; (4) the Carbide Mill department ; (6) the 
Nitrogen department ; (6) the Cyanamide de- 
partment ; (7) the Cyanamide Mills ; (8) the 
Aramoma Gas department ; (9) the Nitric Acid 
department; (10) the Ammonium Nitrate de- 
partment. All these are laid out in order from 
north to south, except thetfiitrogen plant, which 
is placed far to the east to avoid contamination 
of the,air used with gases from the other parts 
of the plant. 

* 2 P 
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The power plant will ultimately be hydro- 
electric (Chem. and Met. Eng. 1920, 22, 417). 
The present scheme of 90,000 kw. is partly 
generated by a steam power plant of 00,000 kw. 
at the works, a^id partly supplied (30,000 kw.) 
by the Alabama Power (Jo. from a s^eam plant 
at the Government-owned extension of the 
Warrior River power jilant on the Alabama coal- 
fields at Gorgas and transmitted 8S miles. At 
Muscle Shoals Westinghouse turbines and 
generatf)rH, OO-cycle, 3-plia.se, 12,200 volts are 
used, the power being transmitted through a 
brick anil concrete bus tunnel 8 feet high, and 
3600 feet long. The ereetdin of a dam xt 
Warrior Riv^ for hydrn-eleetric power is now 
proceeding, and conijikdion is exjieeted in 1922 
at a cost of over £4,000,000. The works itself 
cost £20,000,000. 

The Carbide Section. Linu^sione crushed to 
^-2 inches from (Joverument quarries 20 miles 
distant is discliarged from cars at the north mid 
of the limestone kiln building by diim]ung from 
drop-bottom ears or with a crane. It is earned 
by a conveyor belt to a bucket eh'vator, hoisted 
to the upper floor and distributed by a conveyor 
belt among 7 concrete silos each of 6000 cubic, j 
feet capacity. A typical analysis is: SiO.,,0'49; i 
AlgOg and Fe,()j, (V30 ; CaGO.^, 98*23 ; } 

0 97 ; moisture and doss at 176‘’G., 0*07. The 1 
stone IS fed to the kilns by a eradle-fi'oding ! 
* device. There arc 7 rotary kilns, 8 feet diameter | 
and 125 feet long, nearly horizontal (5 feet in 
126 foot) steel shells lined with lirennck and 
rotated at ^ r.p.m. by bevel gears. The stone is 
fed into the up})er end and fin'd at the lowei 
end by powdered coal and air blast, d'he tem- 
perature reaches TtK)""-! 090 "(J. and the process 
is continuous, 3 to 4 Lours being requireil. 1’he 
(, capacity of each kiln is 200 tons raw stone pi'i* 
day. The quicklime is discharged into 7 Iion- 
zontal cooling kilns, 5 feet diameter and 50 feet 
long, turning 3 r.p.m. The cooled Iimo is then 
sent to the raw materials building. 

The coal-mill building, situated al mgside, 
comprises a bin, crusher, silo, and drier. The 
dried coal is fed to 4 Fulksr pulverising mills, 
and is elevated to steel silos opposite each lime- 
kiln, from which it is fed by the air blasts. 

In the coke drier building the coke is crushed, 
screened, and dried in coal-6 red rotary driers. 
It is then conveyed to 8 silos in the raw materials 
building for use in the carbide furnaces. In 
this building the coke and quicklime are weighed 
by two kSchatler poidometers beneath the tivo 
bins, operating continuously and set to weigh 
out exactly the right aniouuts of eoke and lime, 
which ^are then delivered to a conveyor belt and 
transferred to the carbide room. The mixed 
charge is distributed to 24 steel silos in the 
furhace house. 

There are 12 rectangular carbide furnaces, 

2 spare, each 1 2 feet by 22 feet by 6 feet inside, 
composed of steel boxes open at the top and 
lined with ftrebrick. The electrodes are 
assembled in a separate room and are 16 inches 
square and 6 feet 6 inches long. A copper head 
is bolted on one end, three electrodes are fastened 
together as a unit, covered witli wire netting and 
pasted with asbestos ‘and retort cement, after- 
wards baked in an electric furnace. Each 
assembled electrode weighs 7000 lbs. Th® heads 
are water-cooled. Three^ cohaplete assembled 


electrodes are suspended over the top of the 
furnace. The depth of immersion is controlled 
automatically at the switchboard. The bus bars 
are five-sixteenth inch thick and 8 inches wide, 
and there are 16 bars to each electrode. The 
voltage for the carbide furnaces is 130, steppe 
down from 12,000 by transformers. ^ There is 
one hank of transformers per furnace, each of 
8325 kw. T’he current is 20,000 amp., the normal 
capacity of a furnace 48 tons of carbide per day 
of 24 hours, 'I’lie temperature is 3000°C., 
power eoiisumpfton 124 kw. days per ton of 
HO ]).c. earhidi', the electrode consumption 50 lbs. 
per ion of carbide. Carbon monoxide burns 
at ih(' top of the furnaces. At the bottom of 
the furnace is one layer of graphite electrodes 
K) inebes s([uaie ami 48 mehes long, end a lay^r 
of tar and gravi-l on the to]). In starting a layer 
of coke IS tl rowii in, tlu'n a charge of 100 parts 
of lime to ()00-620 })arts of coke, previously 
mixed as desenbed. This is shovelled from the 
I floor until the furnace is full. The first tap of 
carbide is made 6 hour.s from starting and then 
the furnai;e is tapped every 46 ramiitcH, the 
charge Ix'ing renewed the whole time. The 
furnace is tap|)ed by hurnirig out the tapping 
hole with a portable electrode, and the molten 
carbide flows iiif.o chill ears of I-ton capacity. 
After tapping, the bole is sinjqiod by throwing 
a few shovelfuls of ])owdered carbide at the 
outlet, when the outflowing mass soon solidifies. 
The ehdl cars are hauled by eleeirie locomotives 
to the carbide cooling house, 
j Til the eaibide mills, the e.iThido pigs arc 
! ]ncked off the cars by etam-s and set aside, 
j (Joiisiderablc shrinkage occurs and the blocks 
j when suniciently cool are dumped on to the 
crusher jilatform. 4'he average eomjiosiiion is : 

I (JaO., . 82*30 p.c. j (!a^„ . . 0*07 p.c. 

I C “ . 1*20 „ 1 CaS ‘ . . 0*13 „ 

ICaO . 14*72 „ I FeSi . . 0*72 „ 

0a.Si . 0*06 „ ^ I Undetermined 0*80 „ 

There are three eruHliers reducing to inch, 
and three nulls ( I spare) grinding to pass 80 p.c. 
through 40-inesh screen and the rest through 
10-uiesh screen. There arc then three tube mills 
jiqlvorismg, so that 86 p.c. will pass through 
200-mo.sh screen. Each unit deals with 15 tons 
per hour. All these operations are done in an 
atmosjiherx. of nitrogen to prevent explosions. 
The imlled carbide is conveyed to 8 silos in the 
cyanrirnide building. 

The Kitrogen Plant. The intakes are two 
36-inch pipes extending north and south from 
tho budding. The air is drawn in by Root 
cycloidal blowers and sfent through 16 scrubbing 
towers, 8 feet diameter and 30 feet high, packed 
with 6-inch spiral rings and fed with 17°B6. 
caustic soda to remove carbon dioxide. 

The nitrogen plant is qf the Claude system. 
There are 16 compressor units furnishing air at 
600 lbs. pressui;'^ to 30 nitrogen columns. The 
compres-sion is done in three stages, 30 lbs., 
140 lbs,, and 600 lbs. 8ix columns are spare. 
The columns are oval in shape, 4| feet diameter 
and 24 feet high. The “rectifier consists of a 
series of Superposed honzf»ntal trays each 
1 i inch deep with a layer of liquid resting on it. 
The compressed air expands from 600 lbs to 
60 ibs., operating a small engirt giving 4 to 
6 h.p. to waste, and enters the rootilier below the 
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critical temperature. A small part of the air 
at 600 lbs. is admitted and the pressure liquefies 
the air. The liquid, containing 46-60 p.c. of 
oxygen, goes to the bottom of the column, and 
after spraying with liquid nitrogen the gas 
escaping at the top is 99*9 p.c. nitrogen. This 
gas is passed through two heat exchangers to a 
30-inch main to the cyanamide building. It 
,#8cape8 from the rectifier under a pressure of 
10 inches of water and goes to the building at 

f inches. Each column produces 500 cu m. 

nitrogen per hour. (The largest Linde 
machine produces 1000 cu. m.) J’he oxygen 
is allowed to escape to waste (.vrfi j). 598). 

The Cynamide Furnace Department. There 
are 16 rows of furnaces, 96 in each row, or 
1636 in all. Of these 1500 are in operation. 
These rows are in two sof-s, one on each side of 
a central gangway in the building. In this 
gangway the paper liners are made. The fur- ; 
naces are 4 feet 4 inclies outside diameter and j 
2 feet 10 inches inside diameter, and 5 feet j 
4 inches deep. They are steel sheila with 
9-inch firebrick lining. To charge a furnace a 
cylindrical paper tube containi'r 2 feet (> inches 
diameter with a vertical paper tube 3 inches 
diameter in the centre is inserted into the cold 
furnace and a charge of 1600 lbs. of milled 
carbide put in. There is an annular space of 
2 inches betw'een the paper and furnace wall. 
The carbon electrode is a §-inch pencil, 6 feet 
6 inches long, inserted in tlie paper tube. The 
covers are put on and the outer cover luted 
with sand. 

The nitrogen is brought in by an 8-ineh 
pipe between each pair of furnaces and two 
1 1 -inch pipes carry off to the furnace, one to 
the bottom at the oontre and the other at the 
side 6 inches above the bottom, each provided 
with a valve. The nitrogen reaches the furnace 
under a pressure of 3 -4 inches of water. 

Single phase current of 100 volts and 200- 
250 amps, is tunied on throtigh the carbon rod 
for 20 minutes, and is thou cut down to 50 volts 
and 100-1 15 amjis. for 12 hours. 'Phe reaction 
gives out heat and is allowed to continue without 
current for 28 hours altogether. I’lie tem- 
perature in the furnace is about 1100"C. ; the 
material does not melt but sinters into a sij^id 
cake. The product contains about 63 p.c. 
CaCNo, 2 p.c. CaCg, 13 p.o. CaO, amf 11 p.c. C. 
The finished material is conveyed to a mill 
which is an exact duplicate of the carbidflimil!. 
It is pulverised so that 95 p.c. passes 100 mesh, 
all in an atnios])here nf nitrogen. The milled 
material is’fed at a controlled rate to the hydimt- 
ing troughs, of which there are three, 36 fi^et 
long and 3 feet diameter, each containing a 
horizontal shaft with projecting arms 20 inches 
long. Water is sprayed in at the ft^d end at a 
calculated rate to Recompose the unchanged 
carbide. The material at the exit must be per- 
fectly dry. The agitator rotates at 50 r.p.m. 
and conveys the material at the rate of 50 feet 
per minute. The cyanamide is conveyed through 
an overhead tunnel to the ammonia autoclave 
building 300 feet away! 

This contains 66 autoclaves in 7* units, one 
spare, rated at 100 tons per unit per day. They 
are of steel and cylindrical, 8 feet diameter and 
20 feet high, •each provided with a verucal 
agitator revolving 12 times per minut^ A 


2 p.c. solution of caustic soda is run in to rf depth 
of 9 feet and 300 lbs. of soda ash added, which 
reacts with the 13 p.c, of free lime in the 
cyanamide to form caustic soda of about 3 p.c. 
strength. The charge of 8000 Ifcs. of cyanamide 
is added Jrom weigh bins. The acetylene from 
the 2 p.c. still undecomposed carbide is allowed 
to escape through one valve through an exhaust 
fan. The outlet pipe is then tightly closed and 
steam from sjiecial boilers admitted at 150 lbs. 
for 20 minutes. ^’^Tiionia forms, the reaction 
! being cxojbhcrmic, W’^hen the pressure reaches 
250 lbs. the ammonia ¥alvo is opened cautiously, 
btit the jiressure Ts maintained for 3 hours. The 
pressure then falls and the ammonia is allowed 
to escape. The valve is shut again and steam 
admitted a second time for 20 minutes. The 
reaction proceeds at 200 - 14 . pressure for 
hours. The escaping gas contains 25 p.c. 
ammonia and 75 p r. steam. It passes through 
a header and 7 mud drums followed by 7 
ammonia column stills, each 10 feet diameter 
and 25 feet high, containing 16 horizontal 
plates. The gas entois at the bottom and 
bubbles through cajis over 4-incn holes in the 
plates, passing to 14 condensers arranged in 
7 sets of 2 in senes, containing vertical tubes 
through which water circulates, where steam is 
condensed. T'he ammonia gas passes through 
a 28-mch pipe, iajipcd by two 20-mch mains, 
one conveying 55 p.e. of the ammonia to two 
60,000 cubic feet gasholders for the ammonia 
oxidation jilant, and the other 46 p.c. to the 
neutralisation plant for ammonium nitrate. 
The cajiacity of the plant is 1000 tons of am- 
monia gas per w^eek. 

The autoclave sludge is blown out through 
an 8-iiich outlet at the bottom by means of 
steam or air and falls by gravity to 20 rotaryi 
filters, 5 spare, operating under 20-inch mercury 
suction, wlu're the 2 p.c. caustic soda solution 
IS drawn off and returned to the autoclaves. 

The ab.sorption of nitrogen by carbide is 
reversitfe at 1360°; the best temperature for 
the reaction is 1000°-1 100°. On account of the 
reversibility of the reaction at very high tem- 
peraturiis the molten carbide from the carbide 
tiirnaces cannot be used directly, but must first 
bo cooled and powdered. 

Polzenius (D. R. P. 163320, liOl) found that 
the addition of calcium chloride to the carbide 
lowered the temperature at which nitrogen is 
absorbed to 700°-800°, so that the reaction 
could be carried out in retorts externally heated 
by fuel. This process was adopted by the 
A. G. fiir iStickstoirduiigcr at Westeregeln and 
at Knapsack, near Cologne. The latte% works 
has a capacity of 11,000 tons of cyanamide per 
month. There are 10 carbide furnaces of the 
usual open rectangular type [see above), charged 
by hand with a mixtfir6 of 100 parts of quicklime 
and 66 of anthracite. The main portion of the 
carbide is reduced to nut -size and is then mixed 
with 10 per cent, of calcium chloride in tube 
mills, containing steel rods. 

The mixture is fed to the cyanamide cans, 
which are rectangular, 18 inches by 12 inches by 
9 inches, of thin sheet iron with a perforated 
bottom which can be r^oved in emptying. 
The bottom and sides are lined with paper before 
filling, •and a piei^ of cardboard is laid on top 
of the charge. Fifteen cans are loaded on a car, 
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which runs on a track the whole length of the 
furnaces. 

There are 16 furnaces, about 120 feet ‘'long 
and 6 feet diameter, of 2-inch iron plates, set 
in firebrick and boated by lignite gas. Nitrogen, 
from a Linde apparatus of 1800 cu. m. per 
hour capacity, is fed in at the cooler end of 
the furnsices, and the carbide trucks run in at 
the opposite end. Every 8 hours 3 oars are 
pushed into the furnace by an electric ram. At 
the end of 24 hours, 3 ca/'s, or 46 cans, of 
cyanamide have reached the nitrogen end of 
the furnace, arc pushodi- out, and allowt'd to 
cool. The product is then grbuiid in the same 
manner as the carbide. It contains 16-22 p.c. 
N and 0*76 p.c. GaCj (c/. Allniand and Williams, 
J. Soc. Chem. Ind 1919, 38, 304 R). A similar 
process is in use ,’n the Rumanian factory at 
Soras (Chim ct Ind., .Ian., 1922). 

A continuous method , was described by 
Tofani (D. R. P. 246077, 1910), but the most 
successful method appears to be that of Carlsop, 
used by the Ljunga Verk, Stockholma Sujicr- 
fosfat Eabriks Aktiebolag, Stockholm (Eng. Pat. 
123790, 1919). In this process, shaft-turnaces 
with shelves are used, and the mixture of carbide, 
with an indifferent substance such as lime, and 
calcium chloride or fiiioride, is moved from 
shelf to shelf down the furnace. I’hore are 8- 
10 shelves per furnace, with automatic rakes for 
moving the carbide. The absorption of nitrogen 
is 80 p.c. In the Tofani furnace the jiowder 
dropped directly down the furnace, and the 
contact with the gas was much less com^dote. 
The product obtained in the Cailson furnace is 
in the form of cnke-like lumps a few inches in 
diameter, instead of a hard solid cake, as in 
previous processes. It is taken out by opening 
< a hole at the bottom, constructed as a double 
lock. The heating is effected by an electric arc 
in each furnace, the consumption of electrodes 
being 3-5 kg. per metric ton of cyanamide. 
The output of each furnace is 20-26 tons 
cyanamide per 24 hours. About 16 t\w. hr., 
measured at the furnace, are used per kg. 
nitrogen fixed in the form of cyanamide, as 
compared with 20 krv. hr. in discontinuous 
processes, and the product contains about 
20 p.c. of combined nitrogen. The advantages 
claimed for the process are : reduction in car- 
bide consumption to 720-730 kg. carbide of 
300 litres per ton cyanamide ; a saving of 10 p.c. 
on erection costs ; a product richer in combinejl 
nitrogen ; and lower working costs consequent 
on the use of a continuous process. Although 
the method is at present used only in the Stock- 
holm rorks, which produce 20,000 tons oyana- 
mide annually, it is regarded as very promising, 
an(^ may be considerably extended. 

Uses of Nitrolim. Crude calcium cyanamide 
is known as nitrolhn, aild,' after treatment, is 
largely used as a fertiliser. Under British con- 
ditions (J. Soc. Chem. Ind. 1017, 256 ; 1918, 
146 R) it appears that the fertihsing value of 
nitrolim nitrogen is about 94 p.c, that of am- 
monia nitrogen. Experiments made in Egypt 
show that nitrolim does not undergo sufficiently 
rapid nitrification in the soil to satisfy the needs 
of some of the rapidlV growing crops ; calcium 
nitrate is then preferable (fiee also Pranke, 
Cyanamid, Easton, Pa., 1913^. ‘ 

The mode of decomposition of nitrolim in the 


soil is not simple {see Cowie, J. Agric. Sci. 1919, 
113; Maz6, Vila, and Lemoigne, Compt. rend. 
1919, 169, 804, 921 ; Hall, Fertilisers and 
Manures, 1919). On exposure to moist air, 
small quantities of ammonia are liberated ; 

CaCN3+3H80-CaC03+2NH3 

but free cyanamide is also formed : 

CaCNa-fCOj+HjO^CaCOa-fCN-NHj. 

The latter substance may then combine wdyi 
water to form u][ea ; CN'NHj-f H20=C0(NH2)|. 
Urea is converted by fermentation into am- 
monium carbonate : 

C0{Nll2)2+2H20-{NH4)2C03. 

The latter is readily oxidised to nitrates in the 
soil. Other substances may be formed, such as 
basic calcium cyanamide, and dicyandiamide 
(CN'NH 2)2 ; the latter compound has been said 
to be prejudicial to crop growth Pranke, l.c.). 
• In order to minimise the corrosive and dusty 
character of nitrolim, the free lime is hydrated 
by water and the dry hydrated material is then 
treated with mineral or tar oil. In this way its 
nitrogen content is reduced to about 16 p.c. 
Numerous colloidal and other materials have 
also been proposed for the treatment of nitrolim, 
but hydration and oiling appear to be satis- 
factory. . In this process there is an increase in 
weight of about 10 ]).c. of the cyanamide (sec 
Worden, Technology of CcUulose Esters, Vol. 1., 
li, 929). 

Cyanides from Nitrolim. When crude nitro- 
lim is fused, with common salt or with sodium 
carbonate, 90-95 p.c. of the nitrogen is converted 
into sodium cyanide : 

OaON 2 -bC+ 2NaCl = CaCla -f 2NaCN 

CaCNa+C+Na 2 C 03 =CaC 03 -f 2 NaCN 
TTie product, when salt is used, contains about 
30 p.c. of NaCN, and can be used directly for 
the extraction of gold. Pure NaCN is prepared 
from it by liberating HCN by dilute acid and 
absorbing the gas in caustic soda. Metallic 
sodium has also been used in the preparation 
of cyanides, but no details of any process have 
b,een disclosed. The chief objection to all pro- 
cesses involving aqueous extraction of cyanides 
from melts, and subsequent evaporation, is the 
loss whiclr occurs during the latter process, and 
the inferior product obtained as compared with 
that (produced by the fusion process. 

Landis (Chem. and Met. Eng. 1920, 22, 266) 
prepares cyanides by fusing crude cyanamide 
(GiCNa-f C) in an electric furnace, either alone 
or mixed with commdn salt. A plant w^as in- 
stiled at Niagara late in 1916 consisting of 
•7 furnaces. The addition of a little carbide 
prevents foaming on adding cyanamide to the 
fused common salt. Cjmtrary to previous 
specifications, the temperature should be as 
high as possiblfi. In the latest type of furnace, 
single-phase current is used, with a conducting 
hearth and one suspended electrode. The pro- 
duction is 30 tons per day of a product containing 
the equivalent of 36 ‘6 p.c. NaCN. The reaction 
is CaCN 2 +C=Ca(CN) 2 , and a mixture of 2 parts 
of cyanamide with rather less than 1 part of 
common salt is used. The product is a mix- 
tui^ of calcium cyanide, sodiun^ chloride, free 
lime,, with less than 1 p.c. calcium carbide, 
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oyanamide, and ash impurities. The use of 
cyanamide vrithout salt has been made the 
subject of experiments. 

Anhydrous hydrocyanic acid is made in 2 
factories in California and is sent out in the 
liquid state for fumigating purposes, especially 
in destroying spiders in the orange groves of 
Florida. 

Other Products from Nltrolim. Dicyanodi- 
amide (Zeitsch. angow. Chera. 1903, 620) is 
Ijrepared by the action of cold water on calcium 
oyanamide : 

* 2CaCN,+4H20-2Ca(0H)2+(CN-NH2)2. 

It is used in the manufacture of dyes, and in 
reducing the temperature of explosion when 
mixed with explosives such as cordite, which 
alone rapidly destroy the rifling of guns. The 
American Cyaiiamid Co. prepare* a fertiliser 
known as ‘Araophos,’ consisting chiefly of 
ammonium phosphate, from cyanamide am- 
monia. Nitrolim may also be mixed with basic 
slag, superphosphate, and potash salts for 
fertilising purposes. 

When calcium oyanamide is treated with 
' acids or alkalies, dieyanodiamidine, 

is formed, from which urea and guanidine may 
be obtained. Guaiudme is jireparcd by heating 
with acids in an autoclave. (Tuamdme nitrate 
and nitroguanidine are used as deterrents {(<(e 
dicyanodiamine) in explosives. Urea may be 
obtained directly from calcium cyanamide by 
heating with 10-20 p.c. sulphuric acid at 
20‘'-25°,and is proposed as an cllectivc fertiliser. 
Veronal and creatin are also produced from 
oyanamide, and lead and copper cyanamidcs 
are said to be of technical importance {^ee 
Carlson, Zcitsch. angew. Cheni. 1914, 27, iii, 
724; Pranke, Cyanamid, Easton, Pa. 1913). i 
‘Ferrodur’ is a material containing calcium 
cyanamide used in case hardening. 

For analysis (fl cyanamide, see Brioux, Ann. 
Chim. anal. 1910, 15, 341 ; Caro, Zeitsch. angew. 
Chem. 1910, 23, 2405; Perotti, Gazz. chim. ital. 
1905, 35, ii, 228 ; Kappen, Chem. Zeit. 1911, 35, 
950 ; Monnier, ibid. 601 ; Wtutzer, ibid. 694 ; Griibe 
and Kriiger, Zeitsch. angew. Chem. 1914, *27, 
326 ; Morell and Burgen, J. C. y. 1914, 105, 576 ; 
Stutzer and Soli, Zeitsch. angew. Chem. 1910, 
23, 1873 ; Kirchofl, Chem. Zeit. 1912, 36,*1068 ; 
Weston and Ellis, 7th Int. Congipss Rep., 
Sect. 1., p. 69 ; N. Kameyama, J. Coll. Eng. 
Tokyo, lif20, 10, 173. * 

The Arc Process. The pioneering work on 
which the modern industrial method of nitrogen 
fixation by the union of oxygen and nitrogen 
in the electric arc is based was earned out 
almost entirely by Jilnglish scientists. Caven- 
dish in 1784 observed the formation of nitric 
acid when electric sparks wer^ passed through 
air over water and when oxygen containing 
nitrogen is exploded with hydrogen. No acid 
is formed in the explosion of hydrogen and air, 
since the flame temperature is then not high 
enough to bring about the umon of oxygen and 
nitrogen, the reaction being endothermic. The 
really classical research, on which all modern 
processes are* based, is that of Lord Rayfeigh 
n 1897 (J. C. S. 1897, 71, 181). In his memor- 
i 


: able experiment, which resulted in the separation 
of argon from atmospheric nitrogen, Lord 
Rayleigh used a glass globe of 60 litres capacity, 
containing a mixture of 9 vols. of air and 1 1 vols. 
of oxygen, in which an electric flame was burn- 
ing. The resulting oxides of nitrogen were 
absorbed fiy allowing a fountain of caustic soda 
solution to play over the inside of ^e globe. 
This also served to keep the vessel cool. An 
absorption of 21 litres of gas per hour was 
obtained with ()-8 kw., which gives a production 
of 46 grm. of nitftc acid per kw. hr. In the 
most efficient moderq arc furnaces the yield 
i% 62 grm. HNO^ per kw. hr. Lord Rayleigh 
was the first to point the way to the possibility 
of utihsing the nitrogen of the atmosphere in 
an economical manner. 

Attempts were made to lyiply the results of 
Rayleigh to the industrial fixation of nitrogen. 
The first was that of Bradley and Lovejoy at 
Niagara, in 1902, although small scale experi- 
ments were carried out in Manchester in 1900 
by Macdougall and Howies {see Thomson, 
Applied Electrochemistry, 1911, p. 276). None 
of the earlier attempts was successful, and the 
first real stiq) in the direction of a technSrcal 
j firocess was made by Birk eland of Christiania 
111 conjunction with Eyde, the engineer. The 
results of their work was^tlic establishment in 
1903, by the Scandinavian French Company, 
of a factory at Notodclen, in Norway, known 
j as the Norsk Hydroclektrisk Kvaelstofaktiesel- 
skab (the Norwegian Hydro-electric Fertiliser 
Company). In 1906 the Norwegian company 
joined forces with the German firms, the 
Farbcnfabrik vormals F. Bayer and Co., Elber- 
fold, the Aktiengesellschaft fiir Anibnfabrikation 
of BitIiii, and the Badische Anilin und Soda 
Fabrik (which really controlled the other two^ 
firms). In later developments the German 
interests were eliminated, and the whole under- 
taking is now owned by the Society Norvegienno 
de I’Azote. 

Thc^ establishment of the arc process in 
Norway was possible on account of the abundance 
of cheap water power which could be harnessed 
to hydro-olectnc undei^akings. The potential 
and developed hydro-electric power of the world 
has been stated as follows : — 

Potential h.pT Developed h.p . 
United States . 20,000.000 6,000,000 

Canada . . 6,000,000 1,756,791 

• France . . 6,000,000 600,000 

Norway . . 5,600,000 860,000 

Spain . . 5,000,000 300,000 

Italy . . 6,000,000 760,000 

Sweden . . 6,000,000 6(^,000 

Switzerland , 1,500,000 400,000 

Germany . 1.000,000 600,000 

Great Britain . t , 700,000 60,000 

The power for the Notoddon works is derived 
from the Svaelgfoss, about 1 1 miles up the valley, 
and the water falling over the Rjukanfoss 
generates in its passage to the Hitterdal lake 
40,000 h.p. at the Svaelgfoss, 16,000 h.p. at the 
Lienfoss, and 20,000 h.p. at the Tinfoss, making 
a total of 75,000 h.p. at Ijotodden. 

The two new works at Rjukan have recently 
been put into operation, and about 380,000 h.p. 
are now expend^ in Norway on the arc process. 
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The Rjukan works alone use 300,000 h.p., and | generating stations, thus enabling the generators 
are said to have cost £3,000,000. This works to work at a high load factor, and reducing 
out at about £20 per ton of nitric acid ])er working expenses. The unexpected movement 
annum. The cost of plant, including the of coal prices has somewhat altered the situation, 
reservoirs and turbines, is high in the case of The power used by the Norwegian works is 
the arc process, fiut as no materials except water derived from the Rj ukan fall, the water of which 
and air are used, with limestone if calcitim nitrate ! is collected in the Moesvand Lake, which has a 
is made, the products can be cheaply manufac- [ capacity of 768,000,000 cu. m. This reservoir, 

tured if abundant sources of water-power are | which is closed by a large dam, feeds the river 

available. The jiossibility of operating the are ! Maana, the w'atcr of which is conducted through 
process with coal-lired power plant has been i a tunnel 4 km. long and 26 sq. m. in section to a 
considered (Nitrogen l^rodiRts Committee Re- i collecting house, from which it passes througn 
port, 1920) ; the coiielus^ion reached was that, ten steel flumes or conduits, 2 m. in diameter* 
as the process has been* sucwissfully operate! which carry 50 cu m of water per second to 
intermittently in Italy on ofi'-jicak (^lectnc the ])ower house. The Rjukantoss power house, 
power, it might be possible in this (ountry to ' which is 110 m. long and 20 m. broad, contains 

use it as an outlet for large blocks ot off-jieak [ ten turbines, each of 14,500 h.p , directly 

jjower from largi* central coal-iired electric i cou])led to the geneiators (Fig. 1). The 



Fig. 1.- 


Itjukantiwa Power House. *' 

electric current is transmitted through sixty ' runniu^f down tlie Pic de Soulom, three tb each 
cables, some of copper and some of aluminium; ; lake, 3 ai|fl 4 feet diameter, resjiectively. The 
to the Rjukan 1 works at Vennork, and to the high-pressure water jiasses to Pelton wheels, 
Rjukan II works at Saaheim, both apjuoxi- : an^ the low-jiressure to turbines, in«each case 
mately the same size, in which the total of 1 cou])led directly to alternators. These supply 
300,00(f h.p. is applied. mtiddition the power for the electrified portion 

In Rjukan I there are two tyjies of furnaces, ] of the Midi Railway from Lourdes to Cautercts. 
the U3irkeland and Eyde, and the Schonherr. The current is transformed to 10,000 volts for 
At Rjukan II RirkclaniL and Eyde furnaces transmissiorf to the works. There are four of 
alone are used. Another factory of the Nor- : the newest type of Birkeland-Eyde furnaces, 
wegian company is situated at Pierrefitte, on about 10 feet ^diameter, operating on single 
the French side of the Pyrenees, where water phase at 6000 volts, and using up to 4000 kw. 
power from two lakes is used. There is a each. About 5000 cu. m. of air is drawn 
similar factory on the lS})ani8h side, but this is i through each furnace per hour, 
not yet in operation. The works at Pierrefitto The power used for nitiogen fixation is shown 
uses 8000 kw., producing 4000 tons of nitric in the table below, taken from the Statistical 
acid per annum. Th^ water is obtained from Supplement to the N. P. 0. Report. This table 
the lake at Cauterets, at an altitude of 280 m., shows only the two main processes in which 
and that at Luz St. Sauveur, at an altityde of • powir is a primary factor. Jh© installed 
140 m. It is conducted thJkmgh six flumes | capacity of the power plants employed for 
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nitrogen fixation in 1920 amounted to over a 
million kilowatts when allowance is made for 
tho reserves always provided. The actual 
number of kilowatt hours required to produce 
the full output of tho arc and cyanamide plants 
in 1920 was nearly double the combined actual 
output of the whole of the eloctriojty stations 
of the British Isles, including lighting, power, 
and traction. 

«*■ World’s CIonsumption of Power in 
^ ‘NmioGEN Fixation. 

1013 1920 

Installed I Actual lustaltal i Actual 
Process capacity j power n*- capacity, Ipower re- 
tonsnitro' (piired in in tons Iquirediu 
gen per ! conllnu- nitrogen | coiitmu- 
annuin ] ous kw pera#nunii oiis kw. 

Cyanamide 59,500 j 130,000 325.500 I 715,000 
Arc . 10,900 j 142,000 38,300 j 316,000 


These figures give for the ])ower rcquiro- 
merits : arc process, 8’35 -8‘4 kw. yr., and for 
the cyanamide process, 2 ’2 kw. yr., per ton of 
nitrogen fixed. 

Theoretical Considerations. For tho equili- 
brium constant of the reaction N.j+()^^2NO 
Nornst (Zeitsoh. anorg. Chem. 1906, 49, 213; 
Gottingcr Naebriebten, 1901, 261) gives an ex- 
jiression which may bo siriiplilied to 

log VK =-0-5441 -4725-5/T 
whore T is the absolute temperature C., and 

O;. 

In the case of air as the initial mixture of N^ and 
Ojj, when a: p c. of NO by volume has been formed 
in equilibrium, K— .rV(79-2 -^la:)(20-8- .U), and, 
therefore, since x is small, 

.r==40-8VK/(l+0-62v^K) 
very approximately. From these equations the 
values of a:— ji.c. NO in Table 1. have bqpn 
calculated. They agree fairly well with tho 
observed numbers, which were obtained by 
exploding a mixture of •lectroly^c gas and 
air, and by drawing air tlirougli jilatinum and 
iridium tubes heated electrically. The r#acti(m 
absorbs heat: N 2 -j- 02 = 2 N 0 — 2x2*-6 kg. cal. 

• 

Table I. — Equilibrium Yiklds of NO in Am, 


Temperatiu -0 

P.c. NO by 

P.c. NO \fy 

®C. absolute 

volume obsd. 

volume calcd. 

1811 . 

0-37 

0*35 

1877 . 

0 42 • 

0*43 

2033 . 

0-64 

0*67 

2195 . 

0-97 * 

0*98 

2580 . 

2-05 

2*02 

2675 . 

2-23 

2*36 

3200 . 

5-0 about 

4-39 


The same values of K apply, Df course, to 
any initial mixture of nitrogen and oxygen as 
well as air, but the relation between x and K is 
different for#ach mixture. For the impet-tant 
case of equal volumes of oxygon and nitrogen 


we have K=a:®/(50— ^.x')(50 — |a:), or, very 
approximately, since x is small, 

• a:-50v'K/(l+0-5VN). 

The increased yield with the mixture 
Ng-fOo as compared with tiir is, therefore, 
approxinnitely 18 p.c. Higher yields claimed 
(,see Nitrum process) must, therefore, depend 
on other circumstances, such as nfore rapid 
cooling. Oxygen has a thermal conductivity 
7 p.c. greater than that of nitrogen. Haber 
and Koenig (Zeitech. Elcktrochem. 1907, 13, 
725) obtained 14-5 p.c. of NO from 
liy u.siiig a shc^t art- in a water-cooled tube 
tliese expi'i-iiiicnters {ihid. 1008, 14, 689) ob- 
tained 17-8 p.c. NO. The same final concentra- 
tion was obtained with N^ + O^ and NO as 
initial gas, indicating equilibrium. Increase of 
prossuie does not iticreaBc 4ho yield. Similar 
experiiiK'rits were made by llolwech (ibid. 1910, 
16, 369), Haber aiftl Holvcch (ibid. 810), Hol- 
weeh and Koenig (ibid. 803 — cooled arcs), 
Haber, KoeiiitT. and Platou (ibid. 786, 79G). 
Tho yicld.s for a given expenditure of energy 
arc mucli larger than those found in other 
expen nients, siu-h as those of Nernst ; in the 
most favourable cases they amount to 80 grm. 
HNO., per ku. hr. Tlie pereentage of NO in 
the resulting gases also corresponds, on tho 
thermodynamic theory, Vith imjiossihly high 
temperatures (the tem})eraturc 3200 corresponds 
with only about 5 p.c. of NO, as is seen from 
Table 1.). Haber eonsuiers that a cool arc is 
more favourable to NO tormution than exposure 
to very high temjieratures followed by rapid 
cooling, and that electronic impacts play a part 
under certain conditions (ifc Jellinek, Gasreak* 
tioiic, 1913, p. 780). 

The velocities ol formation and decomposition 
of nitric oxide have beiui determined. Bclo'vf 
3000"^ the reaction is bimolecular : 

N2-r02^2NO 

above 3000^ it is said to be ummolecular (Le 
Blanc tnd Nuranen, Zeitsch. Elcktrochem. 1907, 
13, 303). In the bimolecular case, the velocity 
equation is : — 

• dxldt—l\{Co~ i*)(Cjs — ^2^^ 

where Cn aud Co arc the initial concentrations 
of N 2 and O 2 in percentages «by volume, and, 

I X the percentage of NO present at a given 
I instant. The velocity constants and 
j, representing the rate of formation and decom- 
I position of NO respectively for unit concentra- 
tions, have boon determined experimentally 
by Jellinek (Zoitsoh. Elcktrochem. 1907, 13, 
303 ; Zeitsch. anorg. (Jhem. 1906, 49, 22|^, whose 
results are given in Table IT. The time for half 
decomposition of pure NO into Ng and Og is 
very approximately \ the time fof half 

the possible riitrifiuatton of air, i.e. half the theo- 
retically possible production of NO, is approxi- 
mately 1 "36/ V k-Jc^i- The .velocity constants 
dep'ind very much on the temperature ; Steinmetz 
(Chom. & Met. Eng. 1920, 22, 299 ) calculates from 
Jellinek’s results log A :2 = ll-113-f 5'731 X 10“*T, 
when t is in seconds. From this, and the rela- 
tion ki^kjK, tho valucsjgiven in Tables II. and 
III. have been calculated. The values of K 
have^been obtained from the formula; 

lo^K=1048-9380/T 



^84 NITROGEN, ATMOSPHERIC, UTILISATION OP. 


given by Steinmetz, which is in good agreement | 
with the formula of Nernst previously quoted. | 

' I 

Table 11. — Velocities of Decomposition ! 

• OP NO. ! 

Time in minutes for 50 j>.c. decomp^iSsition of . 
pure NO at atm. press, into No and O2. i 


Aba.' 

temp. 

"C, 

Time in mins, 
obad. 

COG mins 
ca led. 1/^2 

1 *2 for second 

1 as unit oi 
j time 

900 

7-35 X 

103 

4 

8*9X108 

1-87/J0-* 

1100 

5-80 X 

10® 

6-4x102 

2-61 X 10-3 

1,300 

4’43 X 

10 

4-5x10 

.3-66x10-* 

1500 

3-30 


2-35 

5-12x10-8 

1700 

2-47 X 

10^1 i 

2-33 x 10-1 

7-17x10-2 

1900 

l‘74x 

10 2 1 

1-66x10-2 

1 1-002 

2100 

1-21 X 

10-3 

1-18x10-3 

i 1-41x10 

2300 

8-40 x 

10-'* 1 

8-45x10-3 

1 1-97x102 

2600 

5*70 X 

10-e i 

6-06x10-8 

; 2-75x10* 

2700 

3-92 x 

10-’ 

4-43x10-’ i 

3-85 x 10* 

2900 

3'35x 

10-8 I 

3-08x10-8 ! 

6-40x103 

3100 

2 '25 X 

10- » 

2-20x10- 8 ' 

7-57 X10« 

3600 

— 


1-13x10-11^ 

1-48x10® 

4100 

— 

1 

4-10x10-13 

4-07x1012 


Table III. — Velocity op Formaiton op 
NO PROM Air. 


In the commercial operation of the arc 
process, a concentration of 2 p.c. of NO by 
volume is attained as a maximum from air and 
usually only a little over 1 p.c. The temperature 
corresponding to 2 p.c. is, according to the above 
results, about 2500°. It is thus possible to 
calculate the mimmum expenditure of energy 
necessary in the furnace, assuming this to be 
the mean temperature of the gases. This 
energy is the electrical equivalent of the heat 
absorbed in the reaction N2+02=2N0, pli% 
that required to raise the tempepature of the 
gases to 2500°. Since the mean specific heafb 
of the three gases at constant pressure are 
approximately equal, and given by the expres- 
sion (i'8-f-O-OOOOt grm. eal. per grm. mol., v/e 
have, as the absoiqjtioii of energy for heating, 
14 grins N2 and 10 grms. 0^ to 2500° - 

I (0 -8 + :!r500 X 0 -0006) - 20,000 grm. cal. 

If ue add to this the energy 21,000 grm. cal. 
for the jirodiictiou of 30 grms. NO (100 p.c. 

' conversion), we find as the minimum energy 
! leqiiiied 20,000 -f- 2 1,000=- 42,200 grm. cal., or 
about 0-(»5 kw. hr. But in practice it is 
found necessary to expend 1 kw. hr. (2 jxc, con- 
version) m the formation of 30 grms., or 1 grm. 
molecule, of nitric oxide, lienee the energy 
elhcicney of the arc process is 0*05 x 100—5 p.c. 
A certain amount oi tins energy is recover- 
able in the less available lorm of heat from 
the hot guse.s, by jiassiiig the latter through 
boih'r tubes, 'J'be m(urmv)n amount so recover- 


Time in minutes for production of halt the 
theoretically possible amount of NO. 



... 



Aba. 

temp. 

“C. 

Time In mins, 
obsd. 

CiOli 

mins ealed. 

for s<‘Cond 
as unit ol 
time 

900 

_ 


7-89x10-13 

1600 

J-81 XlO* 

1-77x108 

3-19x10-8 

1700 

6-90x10 

5-45x10 

2-43t i0-« 

1900 

2-08 

1-99 

1-29x10-* 

2100* 

8-43x10*2 

8-22x10-2 

5-36x10 8 

2300 

3-76x10-8 

3-76x10-8 

1-84x10-1 

2600 

1-77 X 10- * 

1-85x10-* 

6-44 

2700 

8-76 X 10- « 

9-60 X 10 -“ 

1-44x102 

2900 

5-76 XV0-’ 

5-20x10-’ 

3-62x108 

3100 

3-10x10-8 

2-87 X 10" 8 

7-96x10* 

3600 

— 

10-10 

3-40x10’ 

4100 

1 

1 

2-3x10-1* 

2-34x1011 


Prom these results it follows that, if the com- 
binatio* in ther arc occurs purely on account 
of the absorption of heat, the best results should 
be o]^tained when the air is heated to a tempera- 
ture not less than 3000°, anj^ then cooled with 
all possible speed below the temperature, say 
1000°, at which the velocity of decomposition 
of the nitric oxide formed at the higher tempera- 
ture has become inappreciable. This conclusion 
is confirmed by experiment. Since the rapidity 
of cooling attainable practically limits the amount 
of nitric oxide remaining, there will be no point 
in going above a certain temperature in the arc, 
at which the equilibrium ^concentration of NO 
is not less than the residual concentration 
possible under the most favoi^i;able conditions 
of cooling with the given apparatus. 


able IS about 5 p.c. ol the initial energy after all 
requirenicnts for evaporation and cooling have 
been met. The latter utilise about 8 p.c. The 
arc proce.ss as operated is clearly very wasteful 
of eneigy, only about 10 p.c. of the latter being 
usefully applied in the maximum. It can, 
therefore, be used economically only when a 
very chcaj) source of cneigy la available. This 
18 luovidcd by large water-power sources, or, 
in Germany, by tlm utilisation of brown coal 
(or lignite) from wliioh electrical energy is 
produced at a cost of about 0'46/. (2‘8 pfg.) per 
kw. hr., as comparedwith at least 1 Od. per kw. hr. 
from British coal under present conditions. 
The cheap coal supplies of Natal, where coal is 
obtainable at a cost of about 3.s. per ton, and 
the large undeveloped water powers of Egypt 
(Assuan Ditm) and «Newfoundland, offer pros- 
jiects of utilisation by the arc process in these 
countires. 

The Bfckeland and Eyde Process. In this 
typo of furnace the aic between the electrodes 
is ir.aintamed by an alternating currdht and is 
spread by a strong i^agnetic field at right 
angles to the axis of the electrodes. The current 
filament tends to move at right angles to its 
length m thf magnetic field, and is blown into 
a half disc at each half period of the current. 
The filament breaks when the resistance along 
it is greater tharv that of a new arc in the cooler 
air between the points of the electrodes (Trans. 
Faraday 8oc. lUOfi, 2, 98). The half discs 
succeed each other with great rapidity on each 
side of the electrode axis; and the impression 
on the eye is that of a steady circular sheet of 
flame' {aee Andriessens, Zeitsch. EJektrochem. 
191^ 26, 255). 

electric flame is produced rn a flat box 
of refractory material (Eyde, J. Roy. 80c. Arts, 
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1909, 67, 668), the walls of which do not in 
actual working become heated beyond 1000°. 
A recent type of furnace is shown in section in 



Fig. 2. The electrodes are U-shaped copper 
tubes, 1 inch wide, separated by a distance of 
one-eighth inch tp form a gap for the initiation 
of the arc. The position of the electrodes is 
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regulated by screws outside the furnace. One 
electrode is earthed, ^'’he applied voltage is 
6600i In the most recent type of furnace the 
air is aspirated into the furnace through grids 
of iron netting placed opposite^ the inlet ports ; 
in the older types the air is forced through by 
Roots bickers. The air is divided by channels 
in the fireclay lining of the furnace, so as to be 
directed uniformly on both sides of the arc 
flame. During the brief contact of the air with 
the intensely hot flame, combination of oxygen 
and nitrogen takeS place. The gases are then 
swept out of the furnace and cooled with great 
rapidity to aboiiS 10()7)°, below which tempera- 
ture nitric oxide is stable. 

The electrodes are cooled by a ra])id current 
of water passing through them. The latest 
types of Birkoland and Fyde furnaces are made 
in units taking 2000, 3000, *or 4000 kw. The 
most economical size is said to bo 3000 kw. 
The electrodes last 3-4 weeks, and arc easily 
replaced in about 15 minutes when required. 
The temperature of the flame is estimated at 
3000^-3500° ; that of the escaping gases, of 
which about 74 cubic feet pass through the 
furnace per kw. hr., is about 1000°. 

At JNotodden there are 30 furnaces of the 
early type using HOO kw,, working at 5000 volts. 
At Rjukaii 1 there are al^out 120 furnaces, 40 
Birkeland-Eyde an<l 80 Schbnherr (see below) ; 
there arc about the same number at lljukan II, 
but there all the furnaces are of the liirkeland- 
Eyde typo (Fig. 3). T'lie concentration of nitric 
oxide in the gases immediately after leaving the 
furnace is about 1-25 p.c. by volume on the 
average. The gases arc further cooled, and the 
oxides of nitrogen absorbed as nitric acid and as 
sodium nitrate and nitrite, in apjiaratus to be de- 
scribed later. About 97 p.c. of the fixed nitrogen^ 
is absorbed, 85 p.c. of this as 30 p.c. nitric acid 
and 15 p.c. as nitrite. Tlie energy consumption 
in the Birkeland-Eyde jiroccss is estimated by 
the Nitrogen I'roducts Committee as 1 kw. hour 
per Olggrins. of nitric acid, HNO3, for f^'verall 



, Fia. 3. 

• • 

Biikelaud'Eyde Furnaces at Kjukan. 
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working. The arc process has the advantage 
over other fixation methods in being direct and 
comparatively simple, and in the absence of 
objectionable by-products (c/. Cynnamidf). Its 
disadvantages ^.re the very exj)cnsive plant, 
including large power installfltionR, and its de- 
pendence on cheap i)Ower. In localftics where 
cheap wo^ter-power is available {e.g. £1'2 per 
kw. year in Norway) the latter factor has no 
weight. 

The arc factory at Soulom, Pyrenees, em- 
bodies the latest improvein('ii*ts of the Bnkeland- 
Eyde process. The current (see above) is suj>- 
plied to the works by uiidet^round cables ift 
10,000 volts, a portion being stejiped down at 
the works to 3S0 volts for lighting, 'riic choking 
cods used in connection with tin* furnaces are 
water-cooled h'ad cods immersed in oil, having 
an iron core and an automatic thermometer 
operating at fiO’-OO'^, at wdi;eh tem])erature the 
current is cut off. I’hc power loss in the choking 
coils is less than 1 p.c. Co])i)er s])irals, without 
iron cores, as used at Motodden, have been 
abandoned. 

Idle furnace room contains four of the latest 
typo of Birkeland-Eydc furnaces, about 10 fetd. 
diameter, operating on single phase up to 4,000 
kw. Three are in use and one in reserve. 
The phases arc intcYihangcable, one eleidrode 
being earthed. The lurnaccs arc ot brick, with 
a lining of special refractory stone of Norwegian 
origin, the w'holc enclosed in an iron easing. 
There is a lenticular cavity (jontainmg the 
electrodes, one wall of which is js'rforuted by 
canals in coinmumeation with five equally- 
spaced suct'on intakes for air. After passing 
through the furnace, the air leavi's at the bottom 
through a curved o\al pipi* about 2 feet in 
^ongest and 1 foot in sliortcst diameter, lined 
with resisting brick. This connects with the 
main flue, about 5 fi-et diameter, lined w'ltli 
resisting brick 18 inches thick, carrying away 
the gases, at about 1000‘'C., to the cooling and 
absorption plant. The gas is analysed at 
regular intervals by taking a sample from the 
main near the furnace in an exhausted globe. 

The volume of air , aspirated through each 
furnace is about 5,000 cu, m. per hour, and the*' 
percentage of NO in the furnace gas varies from 
1’6 to 2 p.c. by« volume. The air, as stated, is 
drawn through the whole system by two fans 
in senes after the last absorption tower, each 
of 100 h.p. The droji in pressure through the^ 
furnace is about II inches of water 

The electrodes arc U-shaped eopjier tubes 
about 1 inch diameter, sejiarated by about one- 
eighth ^nch and cooled by water circulating 
througn the tubes, 'khc position of the elec- 
trodes is adjusted by screws outside the furnace. 
The ^rc is deflected by a large electro-magnet 
placed in a cavity on thai Side of the furnace 
into which air is drawn. Tlie air passes through 
channels in the magnet, and serves to keep the 
latter cool. Current for these magnets is ob- 
tained from the high-tension A.C. by a rotary 
converter. The average life of an electrode is 
from 3 to 4 weeks. The furnaces emit a deep 
roaring note, which, however, is not un- 
pleasant. i 

The gas in the main leading from the furnace 
enters at about 900“C. into two Babcock boilers, 
each having about 300 sq. m. o\ heating surface 


and provided with superheaters and economisers. 
A considerable amount of steam is blown to 
waste after all requirements in the works fur 
evaporation, concentration, &c., have been 
satisfied. After passing through the boiler 
firebox the gases leave at about 250° to the 
coolers. These are placed in the open air, and 
consist of four batteries of iron tubes, through 
which the gases pass, cooled in vertical tanks 
through which water flows. 

The gas leaves the coolers for the oxidatio% 
tow'cr, of sheet iron and of sullieient capacity 
to give one-minute contact to the gas before thfs 
enters the waiter towers. This is necessary to 
enable the nitric oxide to be partly converted 
into nitrogen jicroxide before the gases come 
in contact with water. The gases leave the 
tow(‘r at 50“ ; the drop in jiressure in the coolers 
18 about 40 mm. ol water ; that ni the oxidation 
towt'r 5 mm. 

The g.is now enters the absorption towers 
(Fig, 4 ). There are four of these, constructed of 
slabs of Norwegian granite elamjied by 01 iron 
bands. The natuie ol the stone used for these 
towers IS extremely imjiortant ; Norw'cgian 
granite is jiraetjcaily the only mateijal which has 
been found satisfactory, since other varieties tend 
to disintegrate in use in contact W'lth the acid. 
The towers arc iO-sided, 20 !>25 in. high inside 
and 7-3 m. uniform external diameter. The 
thickness vaiies from 350 mm. at the bottom, 
111 ste])s of 300, 250 and 200 mm. to the toj). 
4Tie towels are mounted on concrete piers with 
all joints visible and accessible in case of leakage. 
The tow'ers are jiacked with pn ccs of Norwegian 
quartz about the size of walnuts, the character 
of the packing being again of great importance. 
The towers arc completely iiackcd, with practi- 
cally no flee space. The gas enters at the 
boti-om of the first tower and alternately at the 
top and bottom of successive towers. Acid is 
circulated in each tower by one montejus of 
iron-clad acid-resisting stoneware, having a 
caiiacity of 400 litres. The delivery is inter- 
mittent, the montejus emptying once every two 
or three minutes. 'There is one 4-inch stoneware 
pipe to each tower, with ‘ Almagam ’ rubber 
jopits, for circulation in that tower, and a similar 
pipe for transferring acid from the next tower 
of the series. The circulation amounts to 10,000* 
litres of acid'per houp. Circulation by centrifugal 
pumps would probably prove more effective, 
'^rhe hwj) of the tower is domed, in sections 
joined witdi blue asbestos covered with tar. 

The acid flows from each tower into a large 
griwLvte tank with an aluminium coVer, from 
w'hich it is taken to the Aiontejus. The strength 
of ticid taken from the first tower, which is the 
strongest, is about 30 p.c. HNO3. This can be 
raised to 52jP.c. by slower circulation, but the 
weaker acid gives the best, all-round efficiency 
of absorption. The strengths in the succeeding 
towers are usually 20 p.c., 10 p.c., and 5 p.c., 
respectively. The time of passage of the gas 
through each tower is of the order of 1 minute. 

After leaving the fourth acid tower, the gas 
enters an alkaline absorption tower, of sheet 
iron, about the same size as the acid towers, 
and tilso packed with quartz. Through this 
tower a solution of sodium carbonate, containing 
aboi/v 2 p.c. of caustic soda, is circulated. 
Sodiuin nitrate and nitrite are formed. 
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The drop ia pressure through the tower alkali tower is also about 1 minute. The gas 
system is as follows ; — then passes through the fans to the open air. 

First acid tower 125 mm. water. 'Phe <jxit, on very wot days, is distinctly rod. 

Second acid tower 1 50 mm, water. On dry days the exit is said to be barely 

Third acid tower 100 mm. water. visible. ^ 

Fourth acid tower 150 mm. water j The overall absorption amounts to 96-97 p.c. 

Alkali tower 130 mm. water. | of the oxidised nitrogen leaving the furnace. 

The time of passage of the gas through the 1 Of this 90 p.c. is recovered as nitric agid in the 



•Fig. 4. 


Absorption Towers. 

, • . 

acid towers and 10 p.c. as sodium nitrate. These ; reckoned on acid and sodium nitrate, compared 

figures refer to the operation in v^iich the mixture ; with power entering the factory and used for 
of sodium nitrate and nitrite obtained in the , all purposes, was stated to be 550 kg, HNOj 
alkali tower is treated with dilute nitric acid | per kw. yr. If tins is referred to power 
to form sodium nitrate and the oxides of nitrogen I measured at the switchboard and used for 
evolved passed back 4o the acid towers for ab- furnace purpo.ses only, the yield is 660 kg, 

sorption. If the recovery is takeif on the acid HNO3 per kw. yr., or about 63 gm. HNOj per 

towers and alkali tower without subsequent kw.hr. « 

treatment, it is stated that about 86 p.c. of the The primary products of the absorption 
oxides absorlied are received in the acid towers system are dilute nitric acid (30 p.c. HNO3) 

and 16 p.c. in the alkali tower. The yield and a solution* of sodium nitrate, or if the 
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solution from the alkali towers is not treated I 
with acid, a solution of sodium nitrate and 
nitrite. The acid may be concentrated ort con- 
verted into calcium nitrate. The sodium nitrate 
and nitrite are ^evaporated and sold for use in 
sulphuric acid cHamber plantfe, or the nitrite is 
recovered in crystals for dye-making* and other 
purposes. 

Concentration of the Nitric Acid. The nitric 
acid is concentrated in a very efficient apparatus, 
due to Collet. 

The 30 p.c. acid from tlffi towers is pumped 
to a reservoir frcim wljich it descends to 4 
granite towers, 10 feet diameteix' and 50 feet hijjh, 
lined with noid-rcsisting stone and packed with 
quartz. In these it meets with steam from the 
weak acid concentrating jdarit, next described, 
and receives a preliminary concentration. The 
acid before entering the towers is also preheated 
by waste steam from anotl^er jiart of the plant. 
The concentration apparatus proper consists of 
steam- jacketed tubes. To each preliminary 
tower is attached a battery of four sets of four 
tantiron tubes, i.c. 10 tubes in all. Four tubes 
are arranged vertically around a bell-shaped 
head, and steam of 115 lbs. is passed through 
the jackets. I'our of these evajiorators form 
a unit attached to each of the four towers. 
Evaporation is ehectgd at atmospheric pressure 
and the acid brought to 00 p.c. HNO3. The 
60 p.c. acid is collected in four granite reservoirs, 
and is pumped from these to a single large 
reservoir at the top of the building, from which 
it Hows to two octagonal gramte towers, 8 feet 
diameter and 30 feet high, one being in reserve. 
Into the same tower flows a stream of 80 ji.e. 
sulphuric acid from a tank alongside the 00 p.c. 
nitric acid tank. Nitric acid of 00-07 p.c. 
^trength is riistilled over and is condensed in 
aluminium S-]>ipcs placed between the two 
towers. The acid collected is sent down a small 
granite tower through which comjiresscd air is 
passed to remove oxides of nitrogen, which pass 
to the absorption plant. The diluted sulphuric 
acid (00-05 p.c.) is concentrated in an apparatus 
similar to that used for making the 00 p.c. 
nitric acid, except that^it works under vacuum, 
maintained by a vertical fall -pipe and watei* 
condensing jet. This apparatus for the con- 
centration is vpry efficient, hut is expensive. 
'The strong acid is transported m strong earthen- 
ware bottles, holding 80 gals. 

Sodium nitrate is ])repai’ed as previously 
described from the liquor obtained from the** 
alkali tovT^r, or by neutralising the tower acid 
with soda-ash, the oxides of nitrogen evolved 
being removed by fans. Sodium nitrite is con- 
centrated in an apparatus similar to that used f or 
nitric acid, the final concentration being carried 
out in 5 pans, 5 feet by 20 feet by 2 feet, 
heated by steam coils. Iliptii salts are dried m 
hydro-extractors and bagged. About 2000-3000 
tons of nitrite are made annually. Final drying 
of sodium nitrite may also be effected by 
Buhlcr's drying apparatus, Fig. 5. a is an air 
heater, b a pump, whereby air raised to a 
temperature of 100° is forced through the 
apparatus in the direction indicated by the 
arrows. The sodium# nitrite enters at the 
entrance roller o and is forced through the 
drying tube into the cyclone d. The ^ir is 
filtered in the air filter e and esdi-pes through the 


outlet tube h. The passage of the sodium 
nitrite through the apparatus occupies 6-7 
seconds, when it collects in the cyclone and is 



removed directly into casks by means of the 
outlet roller K. 

Nitrate of lime. The nitric acid from the 
towers is run through a scries of granite tanks 
filled with limestone, until the liquid contains 
not more than 0-6 }).e. of nitric acid, which is 
neutralised by the addition of lime. The liquid 
is then evaporated in vacuum pans until it has 
a Bp.gr. 1*9, and run into iron drums holding 
380 litres, when it sets to a hard mass and 
is tcius exported for chemical purposes ; or it is 
run on to s^iallow trays and when cold is broken 
up, ground to a coaVse powder, and sent out as 
a manure in wooden casks. It varies in appear- 
ance fiom red -brown to black, according to the 
nature of'ihe limestone from which it is made, 
and has the following composition — ^ 

«> 

N=13‘l p.c., corresponding to 77 ’0 p.c. Ca(N03)2 
W^ter . . . ' 21 6 „ 

Insoluble in water — 

FojOa ; AJfiOg; humus . 1'5 „ 

Ammonium nitrate is prepared at Notodden 
and Rjukan by,, neutralising the 30 p.c. nitric 
acid with pure ammonia liquor (sp.gr. 0-880) 
formerly imported from England but now made 
from cyanamide. The resulting liquid is filtered, 
evaporated in vacuum pans until it has a sp.gr. 
1'35, and iff then allowed to crystallise, llie 
crystals are centrifuged and dried in a Biihler s 
apparatus, when they contain 99’9 p.c, NH4NO8, 
In 1117, no less than 63,680 tons ip^ere exported 
for munitions. 
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Statistics of the Production of Calcium 
Nitrate in Norway by the Arc Process. 


Year 

Production In metric 
tons 

Calcium Combined 

nitrate nitrogen ^ 

Consumption 
in metric tons 
(approx.) 
Calcium 
nitrate 

1907 . 

1,601 

208 

216 

1908 . 

6,102 

663 

470 

1909 . 

11,963 

1,654 

970 

1910 . 

18,669 

2.414 

1,860 

1911 . 

13,152 

1,709 

1.967 

1^12 . 

36,468 

4,741 

3,721 

1913 . 

73,214 

9,518 

6,500 

1914 . 

82,000 

10,700 

7,600 

1916 . 

48,000 

6,200 

9,500 

1916 . 

61,000 

7,900 

15,000 

1917 . 

72,000 

9,400 

36,600 

1918 . 

105,000 

13,600 

61,000 

1919 . 

109,000 

14,200 

• 45,000 

1920 . 

— 

— 

110,000 

The 

Schonherr 

Arc Furnace. In 1905 


Schonhcrr and ITessberger, working for the 
Badiacho Amlin und Soda Pabrik, devised a 
new type of arc furnace (Trans, Amer. Kleetn)- 
chem. Soc. 1909, 10, 131). Experiments with 
this furnace were carried out at Christianaand, 
in Norway, and extensive trials were made at 
Notodden with the object of deciding whether 
the new furnace possessed the advantages over 
the Birkoland and Eyde tyjie which were 
claimed for it. As a result of this work the 
Rjukan I works was equipped partly with 
Schonhcrr and partly with Birkeland and Eyde 
furnaces, whilst the newest works, Rjiikan 11, 
is equipped throughout with the Birkeland and 
Eyde furnaces. By this tune the Badisehe 
firm had severed its connection with the Nor- 
wogian comjiany and tinned its attention to the 
development of the Haber synthetic ammonia 
process. 

The construction of the furnace (Klektro- 
technische Zeit. 1909, 30, J^06, 397) is seen in 
Fig. 6. The iron tube a contains at its lower 
extremity the electrode insulated from the rest 
of the furnace. It consists of a strong copper 
body, B, pierced through its axis and cooled ^ 
with water. Through the axis passes an imn 
bar, 0, which can be pushed forward as required, 
and constitutes tlie actual electrodeirom which 
the arc starts at the poi5t d. An the wear 
comes upon this bar, which at the intense heat of 
the arc becomes covered with a layer of fneltod • 
ferric oxide, which slowly evaporatef. As this 
proceeds ♦the iron bar is gradually pushed 
forward, and its actual position can be observed 
through the peep-hole e. f is an igniting ^od 
for starting the arc. The air enters the furnace 
as indicated, and at G passes into the iron tube 
through several series of tangential openings, 
situated one above*the other, and regulated by 
means of the movable sleeve h. This device 
gives the entering air a rotai^ motion, which 
causes the arc once started from d to travel up 
the tube a, and the air current is so regulated 
that the arc ends yi the upper water-cooled 
portion of the iron tube, somewhere between 
K and M, which portion of the furnace can be 
observed through the peep-holes N and o. 

1 On a baAs of 18 p.c. combined nitrogen ?n the 
nitrate. 



Fig. ft. 
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Under these circumstances the arc bums as 
steadily as a candle flame The passage of the 
air through the furnace is indicated by the 
arrows, and it will be noticed that the incoming 
air is heated (to a temperature of about 600°) by 
the outgoing gases ^ 

The furnace is connected elea-rically to 
earth, so that any part of the apparatus can be 
handled With impunity, ex(“ept only the insulat ed 
electrode. 

The experimental furnaces at ('hristiansand 
(Fig. 7) utilised (KK) h.p ci.cli at 4200 volts ; 
although units taking 2000 h ]>. were considmcd 
possible, those recommended j;is a result ol ex- 
periments took 750 h.])., refimiing 40,000 eu. ft. 
of air per hour. They ar(\ therefore, very much 
smaller than the latest Ihrkeland Eydi“ furnaces. 
The arc is then about 1(5 feet long, although 
Schonherr has ri'commended ares 25 feet long. 



Fi('. 7. 


Experimental Seliuiihen iMiinaei's at Cll^lstIaIl^aml i 
W orks. j 

The gas leaving the furnace has a lower tem- 
perature, viz 800'\ than that from the Birke- 
land-Eyde furnace, winch materially reduces' 
the efficiency of recovery of waste heat hy 
boiler plant, but are said to be somewhat 
richer in oxide of nitrogen, viz. 2 p.c. as com- 
pared t.ith ]’25~]'5. Very little information 
13 available in connection with the fSchonherr 
fumpee ; the output per kw. hr. is said to be about 
6 p.c. higher than in the Jfii^JuJand-Eyde furnace, 
and the furnace is simpler in construction. 
Large quantities of cooling water are required, 
which are strongly heated and might be used in 
boilers. During the war Schonherr furnaces 
were installed in Germany on a restricted scale 
for the production of nitric acid. 

The Pauling Arc Flame. In the production of 
this flame (Russ, Zeit^ch. Elektrochem. 1909, 
15, 544) the main iron water-cooled electrodes 
AA, Mg. 8, are bent into the shape of a and 
at the lowest point of the V (40>'mm. wide) they 


form a vertical slot, through which are intro- 
duced narrow ‘ lighting knives,’ b, b, which can 
be brought together by an adjusting arrange- 
ment, cc, until only separated by a few milli- 
metres. 

The arc is lighted at the narrowest portion of 
the spark gap. A high speed current of previ- 
ously heated air is introduced into the V formed 
by ihe electrodes, through a nf)zzle, d, blowing 
out and broadening the are, the flame so pro- 
duced burning wnth remarkable steadiness from 
tlie electrical point of view, and m jiractice 
having a hmgth of 1 metro. The furnace gasjs 
are e.eoled liy so-called ‘ circulation air,’ which 
is introduced sidew^ays into the upper portion 
of the flame, at a lower speed than the mam air 
current, thus exerting a suction oflcct on the 
flam<‘, causing it to bi^ drawn out, and further 
hrojidi'iied. ,, The gases leave ihe furnace at a 
temperature of 7(H)°-S()0°, and were said to 
eontain 1 -5 yi e. ot nitric oxide. As ojicratcd 
by Dr. Rossi at Legnano, however, the furnace 
VK'lds a uas containing only about 0*8 p.c. of 
NO 

Tin* Vaiiling furmice w^as originally installed 
by the Saltjietersaure liidustno Gescllschaft 



Gei.si'iikirchon, at a wmrks at Patsch, near Inns- 
hi lick, whore 1 5,000 h.p. an* available. Twenty- 
four furnaces were used, eaeli requiring 400 kw. 
at 4000 volts and about 21,000 cubic ieet of air 
yier hour. The results obtained led to the 
ostablishmeiit of the Rossi works at Legnano, 
near Milan, using 12,000 h.p., which has more 
recently been oxtimded to the extent of 6,800 
h.yt, and a small one at La Roche-dc-Rame, in 
the south ( ' France, producing 360 tons of nitric 
acid ]>pr annum. 

TIm' original Pauling process gave unsatis- 
factory reyiilts in Italy, the yield never exceeding 
23-25 gnus. HNOj per kw. hr., as oompared with 
abemt 00 in other jirocesscs. Investigations by 
Rossi ayipear to have shown that this low yield 
IS feaused by the aetion of finely divided oxide 
of iron carried away by the gases from the iron 
electrodes. This acted catalytically on the 
nitric oxide in the hot gases, bringing about its 
(lecomyiosition. It was found: (1) that the 
yield at the furnace was normal, but when the 
gas had cooled a considerable amount of fixed 
nitrogen had disappeared ; (2) when the iron 
electrodes wore replaced by those of other 
metals, this decomposiFon did not occur. 
Rossi (Eng.' Pat. 23959, 1913) used electrodes 
of aluminium, preferably alloyed with other 
metals such as barium. Alumina, which is 
prod iced by disintegration, has no decomposing 
action on the nitric oxide ; the alumina also 
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forms a non-conducting coating on the inside 
of the furnace. 

Pauling furnaces are. used in much smaller 
units than other types. In the Rossi works the 
units take 600-()0() kw., at a pressure of 6000 
volts. In the new furnaces the electrodes are 
placed very clo^e together at their point of 
convergence, and no auxiliary lighting knives 
are then necessary. A steam boiler is placed 
directly over the furnaces, to make use of the 
waste heat, the steam being used in concentrating 
me acid. It is proposed to install future 
furnaces inside boilers, and so use them as 
heating tubes. 

The furnaces at Legnano are worked inti'r- 
mittently by olT-peak power from the Milan 
Power Co. It is said that no dinieulty vliatevcr 
is expcrimieed in starlnig up the furnaces, and 
this is an important factor when olT^ieak jiower 
is to be utilised, as would probably be the case 
if the arc process vere adopted in (treat Britain. 
The energy consuni])tion is stated to be 1 kw. 
hr. per 74-4 gnus. 11 NO, as acid and nitrile. 
This is a higher yield than that clainiiMl for (he 
Birkeland-Eyd(' firocess. 

The J’auling furnace ap]icars to be suited to 
small installations, whilst the Ihrkeland-Eydc 
or ychbnherr jirobably has the advantage for 
large works. 

The Moscicki Furnace. This tyjie (Eng. Pat. 
20497, 1003) is at ])resent in ojxTation only at 
Chippis, in Switzerland, Avhere there are 12 
furnaces, each of 1000 kw., ot whudi two arc in 
reserve. The furnace differs consid<‘rahly in 
construction from those described above. 'J’wo 
concentric electrodes arc used, the space bel ween 
them being occupied by an arc which is caused 
to revolve under the influence of a powerful 
magnetic field with lines of force panilhd to the 
common axis of the ehytrodes. Tlio revolving 
arc practically fills the' working space between 
the electrodes. Idie latter are water cooled, 
and have outlets for tlie gasey. The pressure is 
8000 volts, alternating current being used. The 
gases contain an average of I'ti p.e, intne oxide 
The output i i stated as 438 kg. UNO, per kw'. 
yr., which is decidedly low. 

Other Furnaces. Ilcsides those described, a 
number of other arc furnaces have been deviscM 
(e.ff. by Giiyc, Scott (d. Soe. (fliem. Ind. 19H7, 
771), and Island (U.S. Pat. J 31 (5445)^, but they 
have not yet been worked on a largo scale. The 
Kilbuni Scott furnace uses three horn-shaped 
electrodes at angles of i 20 ’, a blast Of^air being ! 
projected through the space where the electrodes 
converge. • A three-jjiuise alternating ehrrent 
is used, at high voltage. • Exjieriineiits with flic 
furnace indicate that the yields are satisfactofy, 
and the construction is simple. It has not yet, 
however, been operated under really technical 
conditions. Experience has sho^V^l that an 
increase in size of ar8 furnaces is often attended 
by a drop in efficiency, and the rainier extravagant 
claims for sjiecial furnaces, based on laboratory 
runs, must be accepted with reserve. 

The use of air enriched with oxygen in the 
arc process has been ^ievelopcd by the Societe 
Nitruin of Zurich (F. Gros, fJompt. reixl, 1920, 170, 
811; Ullmann, Enzyklopadie der techn. Chem., 
vol. 9, 654). A dry mixture of equal volumes of 
oxygen and lytrogen is circulated, in a ci»sed 
system, only so much oxygen being supplied as is 


necessary for the final product (c.g. nitric aeid>. 
The gas and liquid in the absorption system, 
whiclj is naturally much smaller than is necessary 
when air is used, are cooled to about 0°(J. The 
gas leaves the furnace at 1500^0., containing 
1 2'5-3'0 p.c. of N<). The oxygen, of 78 p.c. 

I purity, is produced by a Linde machine of 1000 
I cii. m. per hour capacity, this being the largest 
j size unit made, at a cost of 3 ctms. per cu. ra. 
Three-phase furnaces of special design, with three 
arcs, arc used, of 3000 kw. capacity, with water- 
cooled electrodes special steel which last 
72 hours in use. A niass of flame is formed^ 

' th^ air being biow^i tan^ontially into the furnace, 
and the flame is then suddenly chilled by 
passing the gases from the furnace, at a very high 
speed, through a double-vvallcd water-cooled 
' tube, from which they pass to a tubular boiler. 
The electrical equipment is* complicated and 
exjiensive. Walor .ibsorjitioii, of (1,5 ]).c. ofti- 
' ciency, is used in a*Hpeeial ajiparatus. Nitric 
I acid of 02 p.e. strength is obtained, the yield 
being 70-75 gnus, per kw. hr. measured at the 
furnace. An installation at Bodio, in Switzer- 
kind, of 0000 kw. has been working since 1910. 
Lujuid nitrogen peroxide is also made and stored 
in 80-ton aluminium tanks. It was liquefied by 
cooling the furnace gases in aluiniiiium tubes 
with liquul ethane, which was cooled to — 78° 
with light fietroleuin. A ifiixture of liquid NO 2 
with a hydrocarbon forms an exceedingly violent 
ex])losivo, which found some application in the 
war. A licence was granted in 1916 to a factory 
at Laiiffeiiburg, Germany, for utilising 15,000 
kw. Bower is generated at 6000 volts, stepped 
up by transformers to 1 2,000-13,000 volts for the 
furnaces, each taking 3000 kw. Power is used for 
1 fixation only during the night. One kg. of N 
I fixed as 62 p.c. acid costs 1 fr. 20 cts,, with energy 
! at just under 1 ct. per kw. hr. The yield is' 
I 70 grin. HNOj per kw. hr,, and the cost of the 
! acid IS said to be cheaiier than that made via 
the Haber jiroeess. A (iO.OOO kw. installation 
erected at Merseburg, cheek- by- jowl with the 
new Haber factory, w^as completely destroyed 
by ail ('xjilosion (cf. also J. Soc. Cffiem. Ind. 
1917, 30, 214). The Bodio works have also 
•Miffered from an explTision which occurred 
during the fractionation of nn accidently formed 
mixture of NO, and jietroleuni (.syc J. Soc. Chem. 
Ind 1922, 41, 1 14 R). * 

Absorption of Oxides of Nitrogen in the Arc 
Process. An account of the absorption of the 
1 or 2 p.c. of NO in the gases from the arc 
furnace, with the production of nitric acid or 
nitrates and nitrite, has already been given in 
connection with the description of the works at 
Soulora. • 

At Notodden there are three series of granite 
towers, G in. wide and 20 m. high interiially, 
5 toivers in each eepes. Three of these are 
acid absorption towers and 2 are alkali absorp- 
tion towers. The acid towers are lO-sidod 
granite structures, the granite slabs being 
bound with iron reds. The towers have a 
capacity of GOO cu. m., and are fided with a 
packing of broken quartz, over which water or 
dilute nitric acid is circulated. The alkali 
towers are cylindrical iro{^ towers of 700 cu. m. 
capacity, filled with broken quartz, over which 
sodiuip carbonate solution flows, which is con- 
verted into a multure of nitrate and nitrite. 
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At Rjukan there are 32 granite absorption 
towers, each 34 ra. high and 7 m. diameter, 
and weighing 2400 tons. These are fed, with 
water to produce nitric acid, and the later towers 
with soda to form nitrite. The products made 
at Notoddon artf calcium nitracte, sodium nitrate, 
ammonium nitrate, and sodium nitrite. At 
Rjukan, concentrated nitric acid is made in 
addition." 

The products are transported from Rjukan, 
47 km. by tramway, 3 1 km. by steam ferry, and 
then arrive at Notodden. *' 

In the Legnano works of Rossi, usii'ig the 
Pauling process {see aboVe), t4icre is an empty 
oxidation tower of 70,020 cubic feet capacity, 
6 acid towers, each 06‘0 feet high and l(>-4 feet 
diameter, and 4 iron alkali towers, each 72 feet 
high and 11*5 feet diameter. The strongest 
acid is 23-25 p.ci HNO,, and 20 p.c. of the 
absorbed gas is recovered in the alkali towens. 
The loss is only 1 p.c. 

The gargantuan proportions of the absorp- 
tion system used in an arc plant cannot fail to 
strike the reader. Tt forms a very expensive 
part of the plant. It would seem possible, by 
careful consideration of the factors of oxidation 
and absorption, to effect some economy m this 
direction. Dr. Parker, by a])plying the formulae 
given on p. 594, has shown that, by a suit.iblc 
arrangement of oxidifiing and absorption spaces, 
the 13,030 cu. m. of tower space used at IMei refittc 
might be reduced to about 9000 cu. m., with an 
increased efficiency of absorption of 3 p.c. The 
reduction of packed space would also reduce the 
expense and weight of the. plant. Inhere is 
room for experiments in this direction, since the 
present method is purely empirical. Experi- 
ments at Angoulome indicated that three towers, 
18 inches ^ameter and 15 feet high, with 
^scientific arrangement, effect the same absorp- 
tion as one of the usual granite towers GO feet 
high, weighing 2(i0 tons and costing £4000. The 
first tower system would cost about £150. 

The reactions taking place in the absorption 
towers are still somewhat obscure. The primary 
reaction is the absorption of nitrogen dioxide 
with the formation of equivalent amounts of 
liitric and nitrous acids : i 

2NOa-f HA)=nNOa+HN02, or 

2Nj0,-fH;0=2HN03-fN203. 

So far as is known there is no difference in the 
products with NOj and 1^304, although there is 
some evidence that the rates of absoiption arc 
different in the two cases. With increasing 
concentration the nitrous acid becomes unstable, 
and decomposes, the greater portion being 
eliraina'iod. The exact mechanism of the 
elimination of the nitrous acid is very little 
und^.^stood. J. R. Partington and L. H. 
Parker, m a paper on the Theory of Absorption 
Towers for Nitric Acid (J. 80c. Chom. Ind. 1919, 
38, 75 T) have considered the absorption of 
oxides of nitrogen in towers. 

The eflBcienoy of a tower system will depend 
on two factors : — 

(1) The rapidity and completeness of absorp- 

tion , — ^This may be determined by the weight of 
soluble gas extracted per minute per cubic foot 
gross tower space, and the overall percentage 
absorption. ^ ^ 

(2) The concentration of the solution produced^ 


— This factor, which is always kept in mind in 
designing towers for condensing hydrochloric 
acid, appears to have .been largely overlooked 
in nitric acid towers. It is, however, of con- 
siderable importance, as the costs of handling, 
storing, and working up 30 p.c. nitric acid are 
obviously much greater than the corresponding 
figures for 50 p.c. acid. 

Rapidity and completeness of absorption . — 
The rapidity may be stated in the form of the 
number of pounds of NO2 absorbed per cubic 
foot gross tower space per minute. The com- 
jileteness may be estimated from the overii^l 
efficiency of absorption, i.e. the percentage of 
oxides of nitrogen removed from the gases 
entering the towers during their passage through 
the towers. 

The weight in lbs. of nitrogen dioxide ab- 
sorbed in j minute per square foot of acid 
surface, which we shall call the absorption 
coeffinentf depends on the partial pressure of 
NO2 in the g9,s ; the partial pressure of oxygen 
in the gas ; the concentration of the acid used 
for absorption ; the, temperature ; the turbu- 
lence of the liquid and of the gas ; the amount 
of oxidation space allowed for the NO produced 
during tlie absorption ; and the rate of renewal 
of liquid surface, t.e. the acid flow through the 
tower. 

The dejiendence on the partial pressure of 
NO.> IS sufficiently evident on comparing the 
lower capacity used for dilute gases produced 
in the arc, with that, fur the much richer gases 
obtained by denitration : — 


Gas 


P.c. NOa In ga's 


(’lib. ft. gross tower 
space per lb. 
NOj per xnln. 


Arc . . 1 5000 

Denitrator . , 20 200 


The dependence on the strength of acid used 
for absorption is shown approximately as 
follows : — 


P.c. strength of 
acid used for 

Rate of 

absorption 

absorption 

0 . . . 

. 1-00 

10 . 

. 0-99 

20 . . . 

. 0-96 

30 . . . 

. 0-90 

40 . . . 

. 0*80 

60 . 

. 0-70 

60 . . . 

. 0-56 

66 . . - . 

. 0-32 

68 . . . 

. 0-00 


{see Foerster and Koch, Zeitsch. angew. Chem, 
1(K)8, 2161r 2209 ; Foerster, Burchardt, and 
Prieke, Zeitsch. angew. Che..i. 1920, 33, 113, 122, 
129; Hall, Jacques, and Leslie, J. Soc. Chem. 
Ind., 1922, 41, '..85 T). 

There is evidence of a maximum speed of 
absorption in 10 p.c. acid. 

Elimination of nitrotis acid . — The primary 
reaction in the absorption of nitrogen dioxide in 
water is presumably the formation of I molecule 
each of nitric and nitrous acids. The elimination 
of tfoe nitrous acid from the liquid now follows,, 
because it is found that the acid produced in 
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absorption towers rarely contains more than 
about 0*3 p.c. of HNO.M 

The exact mode of elimination of the nitrous 
acid from the liquid is not at present definitely 
settled, and there are different theories on the 
subject : 

(1) The nitric oxide theory. — According to 
this the nitrous acid decomposes according to 
the equation: SlINOa HN()3-|-2N0+H20 
(Lewis and Edgar, J Amer. Chem. Soc. ]9ll, 
»3, 292; Ssaposhnikoff, J. Russ. Chem. Soc. 
1900, 32, 375; 1901, 33, 506; Burdick and 
I¥eed, J. Amer. Chem. Soc. 1921, 43, 518). 

In the presence of an atmosphere of nitric 
oxide this reaction reaches an eipiilibrium when 
nitrous and nitric acids are present together in 
the solution. In actual tower practice, however, 
there is an excess of oxygen and of indifiFerent 
gas. Both these factors Mill t(‘nd tif reduce the 
nitrous acid concentration in the solut ion ; the 
first by removing the supernatant NO, with 
formation of NO^, which then re-dissolves, and 
the second by reducing the jiartial pri'ssure of 
the NO. There is no doubt that, in so far as 
this reaction iilays a jiart in the removal of 
HNOy, both these factors aie of influence, 

(2) The volalilmiliov theory. — Nitrous acid in 
aqueous solution above a certain strength 
exhibits a marked blue colour, owing to jiartial 
dissociation with the formation of N..O3. The 
NgOg tends to escape from the solution owing 
to its volatility. 

(3) The ojfidahon theory. — In absorption j 
towers, where excess of oxygen is pnisent, the 
reaction 2JrN()o + Og— 2HNO3 undoubtedly 
takes place in solution, and jirobably to a still 
greater extent in the Pohle lifts, where a very 
eliiciont churning together of the liquid and the 
air used for worldng the lifts occurs. The use 
of oxygen instead of air in workmg the lifts 
would greatly increase this oxidising action. 

Under average conditions it may be assumed 
that the elimination of nitrous acid proceeds at 
a rate sufficient to allow it to be neglected in 
considering the rate of solution of the oxides 
of nitrogen. 

Oxidibing space in toivers. — Although some 
of the nitrous acid produced in the absorption 
towers is eliminated in solution by oxidation, ^s 
described above, the greater part re^ipears in 
the gas phase in the conditlt)n of nime oxide, 
arising from the reactions ; 

{a) 3NO2+H2O-2HNO3+NO « • 

(5) 2NO+O2-2NO2. 

Equation appears to be the sum of two 
separate reactions, involt’ing the intermediate 
formation of nitrous acid. Reactions (a) and (^) 
constitute a cycle, in which out of three iiiols. of 
NO.2 taken, two are absorbed, and o^e remains 
for further absorptiop. One-third of the NOj 
therefore remains after each cycle. Thus, after 
4 cycles, about 99 p.c. of the oxides are absorbed. 

The regeneration of NOj by reaction (b) is 
not, in ordinary tower practice, carried out 
under ideal conditions, because this reaction 
appears to take place in two stages ; 

2N0+0-^N203 (rapid)’ 

, NgOg-i-O N2O4 (slow). 

This is practic|lly truf< because, although NfO., 
does not appear to have an individual existence 
VdL. IV-T. 


(except in traces) under the conditions of working 
(Lunge and Berl, Zeitsch. angew. Chem*1907, 20, 
1716 f Bodensteiii, Zeitsch. Elektrochem. 1918, 
24, 186), yet the mixture of equal molecules of NO 
and NO.^, if presented to an absorbing medium 
{e.g. sulphuric aci&, or caustic soda), is rapidly 
absorbed ife N^Og. The equilibrium 

NO + NO 2 ^ N,()3 

is therefore very rapidly displaced to the right. 

]f this mixture is bfought in contact with water 
it is absorbed as nitrous acid : 

«,0+N0-f NO* ^*N203-fH20 ^ 2HNO2. 

The cycle of reactions, under these conditions, 
Avill now be as follows : — 

(1) .3N..()4-f-2H2()-4,tIN03 + 2N0 

(2) 2N(HtO,.--N.,0, 

(3) N..03+1VO-2HNO, 

(4) 3I1N02-HN03+2N0+H20. 

It can be shown that, with these reactions, 
it is necessary to go through at least 10 cycles 
to produce the same effect, if N is produced 
in the re-oxidation, as with 4 cycles in which 
the gas presented to the liquid is fully oxidised 
N2O4. 9’his Will very much increase the tower 
space reijiiircd. Patents l^ave been framed to 
obviate this formation of N^O,;, by removing 
the gas after each contact w ith water, and allow- 
I iiig it to be fully oxidised before again bringing 
it into contact with water or acid (see below). 
The actual cc)n(htions obtaining in towers are, 
however, more advantageous than would appear 
at linst sight, for the following reasons : (1 ) The 
oxidation in the free space will proceed beyond 
the stage N2O3, and a portion at least of the gas 
will be in the state of fully oxidised NjO^ after ^ 
each cycle. (2) Opportunity for complete 
oxidation wall occur in the connecting pipes 
between the towers (if these are provided, as 
should alw ays be the case). 

The^omplcte oxidation of nitric oxide by 
atmospheric oxygen, in the case of dilute gases, 
is a slow process, and this reaction is the chief 
source of difficulty in all^nitrogcn fixation pro- 
cesses in which nitric oxide is the primary 
product. Chemical engineers do not seem to 
have an adequate conception e4 the kinetics ^ 
of this reaction, and many faulty plants have 
ill consequence been erected, only to require 
subsequent modification at great expense. It 
iflay be said that, for gas containing 2 p.c. of 
NO, a time of contact of not less than 2 minutes 
is required for adequate oxidation of this gas 
before subsequent absorption is attejipted. 
In this case 90 p.c. of the NO will be oxidised 
to NO 2- A useful discussion of this process is 
given by G. W. Todd, in Physical and Cheifllcal 
Lata of Nitrogen Ewcation, H.M. Stationery 
Office, 1919. 

Mist forwation in toners. — An important 
phenomenon which makes its appearance during 
the absorption of oxides of nitrogen in water is 
the formation of a white mist, which is carried 
away by the inert gas passing through the towers, 
and appears in the exit gas. The mist is found 
to consist of quite strong nitric acid in the form 
of droplets, which are formed as soon as the 
I oxides of nitrogen enter the train of absorption 
I towers, i.e. in th^ strong acid tower, and pass 
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deduced some practical rules and formula wMch 
repescnt about all that is known at present ot 

A simple formula can be deduced which is 
found to give good results in actual tower 
practice. If v is the total volume of the tower 
in cubic feet, k the number of square feet of 
surface exposed by the packing cubic foot 
V the velocity of flow of gas through the tower 
in cubic feet per second, and K a coctticient w^ch 
measures the rate of absorption and has been 
tabulated from experimental results yario^ 
concentrations of gas and ^‘^cid and different 
temperatures, then : \o^g CQlc^—Vi^kvIY, w 

and c, arc the concentrations of NOo m the 
gas eiiteiing and leaving the tower respectively 
in lbs. per cubic feet. , 4 . 

The following values of K and k are most 
generally .oplicable ; for the complete tables 
tnd examplea of calculation applied to tower 
design, reference must be made to the onginal 
paper. 
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unaltered and uncondensed through the remain- 
ing weak acid towers. 

In the absorption of gases from arc furpaces, 
the gases coming from the water towers contain 
a considerable quantity of acid mist, which 
normally passes into the soda ‘towers and is there 
absorbed as sodium nitrate. If sodatitowera are 
not used, this mist escapes condensation, ana 
even with soda towers the absorption is incom- 
plete. By means of electrical precipitation 
apparatus it is possible to condense the mist to 
36 p.c. nitric acid, 1 .r. acid corresponding with 
that m the first tower. , ^ 

It will be evident from the above discuss) m 
that the problems to be solved in the design of 
absorption towers for nitric acid arc much more 
complicated than those involved in such cases 
as the absorptign of hydrochloric acid. A 
complete theory is lacking, and the expenmonta 
data are scanty. On the ba sis of rosu ts oUamed 
by E. K. Ridoal ( J. Tnd. Eng. Chem. 1 920, 1 2, 631 ), 

J. R. Partington and L. 11. Parker {lx.) have 

Values op K x 10*. 




- - - 

— — 

- — 




50° 

C. 

— ] 

p.c. NO 2 in gas 

1 

4 

8 

10 

— 

— — — 

— 

— 

— 

P.c. HNO 3 in acid 
5 

1-97 

2-14 

2-83 

3-00 

10 

2-69 

2-55 

2-91 

3-00 

IP) 

1T)7 

1-73 

2-47 

207 

26 

1 10 

1-18 

i-98 

2*23 

37 

0-03 

0-97 

0-91 

100 

42 

0-471 

0-471 0-(>9 

0-85 

52 

0-20 

0-18 

0-44 

0 01 



Comparison of Various Types op Tower 


Packing 


Small Raschig rings 

4 -Point star ^ 
Guttmann balls 
Concentrics . 

Large rings and con- 
cei^tries . • : 

Large rings . 

Rbgs and nodules . 


Exposed 
area of 
unit, 
sq. in. 


5-40 

5-81 

23-4 

46- 6 

93-6 

47- 1 
Ring 
4'ih 
Nodule 
IPl 


Volume 

ol 

unit, 
cub in. 

No of 
packing 
units 
per 

enb It. 
tower 
spate 

Total 

surface 

of 

jittcking 
units in 
sq ft 
per 

cub ft 
tower “fc 

Total 

volume 

of 

packing 
units in 
cub, ft. 

per 
cub ft 
tower 

1 

i 

P c. 
free 
space 

1 

P.c. 
gross 
8 ]iace ' 
occupied 
by 

packing 

! 

8 q. ft. 
exposed 
per cub ft. 
gross space 
to leave 
80 p.c, 
free space 


j2,]30(iP 

80-6 ' 

0-452 - 

54-8 

45-2 ( 

36-6 

0-308 

\ 1,700(2) 

64-5 

0-362 

63-8 

36 '2 j j 


0-597 

5:5 

22 , 

0-188 

81-2 

18*8 

23-4 

3 05 

75 

1 12 -^^ 

0-132 

86-8 

13-2 

18-4 

0-1 

J52 

1 49 

0-538 

46-2 

63*8 , 

18-3 

13*15 

64 

41*6 

0-489 

51-1 

48-9 

17-1 

7*07 

64 

20-9 

0-262 

73-8 

26*2 

16-0 

7*07 

14-8 

4*86 

. 0-0606 

i 89-0 

10-4 

9-33 

2*91 

25-7 

1*98 

0-0432 

c- 

1 


3-78 



6-83 

0-104 

, 



13*11 


Many proposals have been made ^ c^y out | spao'^fcrthe'ga'sirreco^sed^'Hausser 

«:W«s"or‘lntpe"^^^ 7419. 1914) makes provision for 
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re-oxidation of the NO produced in the inter- 
action between NOj and water by causing the 

f as to traverse a long path sifter each absorption. 

Ingels and Uurre (D. K. P. 229090, 1908) pass 
gases containing not less than 50 p.c. of N^Og 
through a series of towers fed with water and 
add air in portions to each tower. Naville and 
Guye (Eng. Pat. 0155, 1908) allow oxides of 
nitrogen containing fully oxidised NO» to react 
with water until about two-thirds of the oxides 
are removed. The residual gas, containing NO, 
il then dried, say, by cooling, and allowed to 
r^xidise completely in an einiity chamber out 
of contact with wati'r. The fully oxidised gas 
is again brought in contact vith water until 
another two-thirds is absorbed, and the process 
repeated. Meister, Lucius and Bruning (Eng. 
Pat. 19032, 1911 ) use compressed oxygen instead 
of air in operating aeid elevators, tj^e gas from 
the elevators being introdueed into the towers. 
The Norsk Hydro (J^hig. Pat. 100099, 1917) 
effect absorption under piessure, when the 
volume IS reduced propoitionally to the square 
of the pressure {rj. Naville and (Liye, Er. Pats. 
385509 and 385005, 1908, in which absorption of 
arc furnace gas underpressure is said to give 95 
p.c. HNOj directly). Pergius (D. K. P. Anm. 13. 
53017) compresses oxides of nitrogen to 25 atm., 
adds steam, and ex])ands suddenly into a 
chamber, when nitric acid is said to be obtained. 
An interesting method is deseiibed by Moseieki 
(Eng. Pat. 17355, 1911), who eau.^es the liquid 
to pass down the tow'ers iiifernnttently, so that 
the pacldng is periodically wetted. I'he absorp- 
tion apparatus comprisi's rectangular chambeis 
built into one block, the dividing w^ails being 
pierced with small holes. Alternate chambers 
aro packed and empty. The width of each 
chamber is only 15-30 cm., and the gas flows at 
the rate of about 4 cun. per second horizontally 
through the ap[)arafns. The absorbing 
c hambers aro flooded intermittently with liquid, 
which is allowed to dram off, and elevak’d to the 
top of the next ehamber in o])position to the 
motion of the gas. 

An alternative method of absorption is that 
proposc^d by A. Schloesing (Fr. Pat. 400328, 
1912), in which quicklime in the form of bri- 
quettes is treated witli the hot furnace gases for 
some days. Calcium nitrate and nitrite are fiiBt 
formed, but under the influence of tl^j air and 
nitrous gases the mtrite is ultimately completely 
converted into nitrate, cihtained in a solid f^rm. 
In this connection the observations Oswald 
(Ann. Chim. 1914, [ix] 1 , 32) are of interest. This 
experimenter found that on passing nitrogen (|j- 
oxidc over hot lime, a losswf 20 p.c. of combined 
nitrogen occurred. Oswald represents this ly 
the equation; 2CaO-l-5NO.^— 2 t'a(N 03 ) 5 ; 4 - N. 
According to Schloesing, with the very dilute 
ases from arc furnaces, there is no 108s of com- 
iiied nitrogen. Po^ibly the more dilute gas 
used by Schloesing, and his special preparation 
of the Uine, may account for the clifferent result. 
The inventor lays great stress on the preparation 
of the lime briquettes. Quicklime obtained by 
burning soft chalk is .slaked, the hydrate ,is 
ressed into briquettes, and the latter are de- 
ydrated at as low a temperature as possible, say 
600®. The gas must be dry and free from carbon 
dioxide, ana is nassed over the lime in lagged i«on 
retorts at 30^-400°. J. R. Partington and 


E. Whitworth find that, with specially prepared 
lime, loss of nitrogen does not occur, and com- 
plete ^conversion to nitrate may be attained, 
with dilute gases. Trials of the proees.s on a 
fairly large scale w'cre made at Notodden, and 
the results were stated to be safisfactory. The 
product cfntains about 14 p.c. of combined 
nitrogen, and 12-13 p.c. of free liqie. The 
process is not worked at present. 

The Oxidation of Ammonia.. 

• 

Jn 1788 the Rev. T. Milner found that 
ammonia gas is ^ixidiSed to nitric acid when 
parsed ovei heak'd manganese dioxide, and Black 
(Lectures on Chemistry, 1S03, pp. 245, 455; 
Nature, 1922, 199, 137) states that the process 
was used by the French on the large scale during 
the Najiolconic wars for the* manufacture of 
.saltpetre. Tins observation was followed by the 
better known researctics of Kuhlmann, of Lille, 
who in 1839 (Liebig’s Annaleii, ’1839, 29, 280) 
observed that when a mixture of ammonia and 
air is ])assedover platinum sponge heated to about 
300“^ the jilatinum continues to glow and red 
fumes of oxides of nitrogen are formed, A slight 
n'aeiion was noticed when th(' gas was passed 
through an empty heated jiorcelain tube, Kuhl- 
manri also found that jilatinum black is less 
cflicient than platinum sponge, copjier, nickel, 
iron, andcojiper hydroxidii being still less active ; 
he also found that cyanogen and hydrocyanic acid 
are very readily oxidised— an obseivation con- 
firmed by Moldenhauer and Wohrheim (Zeitsch. 
angew. Cliem. 1914, 27, 334). Kraut (Annalon, 
1805, 13(i, 09) noticed that red fumes, with 
intermittent explosions, result when a hot 
platinum spiral is hung inside a flask containing 
ammonia solution through which oxygen is 
passed. Chromium oxide and chromates were * 
jiroposed as catalysts for the oxidation of 
ammonia by Aubertin (Eng. Pat. 1181, 1871); 
dll Motay (Eng. Pat. 491, 1871) used man- 
ganates, Dcrmanganates, bichromates, and alkali 
(ilumbitra. Sodium manganatc was also used 
by Schwarz (Hingl. poly, J. 1875, 218, 219); 
Aiarston (Eng. Pat. 19074, 1900) used copper. 
’Jilie formation of fumes *of ammonium nitrite 
and nitrate on passing ammonia and air over 
platinised asbestos heated to redness was 
described by Warren (Chem. New * 1891 , 63, 290). 
The yield of oxides of nitrogen with platinised 
asbestos as catalyst was investigated by Schmidt 
and Bocker (Bcr. 1906, 39, 1366) ; the yields 
with various catalysts were determined by 
Neumann and Rose (Zeitsch. angew. Chem. 

1920, 33, 41, 51). Menmghini (Gazz. chim. ital. 
1912, 42, i, 126; 1913,43,1, 81) and Reindft’s and 
Cats (Chem. Weckblad. 1912, 9, 47) investigated 
oxides as catalysts. The use of platinised ghiKed 
porcelain was pate»tqd by Schick (Eng. Pat. 
1.3954, 1907); this is described as having a 
longer life than platinum sponge (sec also 'raliani, 
.Giornale di Chiinica Iiidustriale ed Applicata, 

1921, 408). F. Bayer & Co. pass ammonia and 

air at 600®-700‘" over a catalyst containing oxide 
of iron and ‘ promoters ’ (Eng. Pat. 18594, 1903). 
The Badische Co. propose the i|s© of oxides of 
the iron group, the cataly^ beiaj[Jnjthc form of 
lumps or pieces (Eng. Pats. 4^114; 7661, 

13298,^916; cf. Partington and BSAeal, Eng. 
Pat. 135224, 19i7 ; Maxted, J. Soc. Chem. 
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Ind. 1917, 36, 777). The use of oxide of iron I 
with bismuth oxide (Eng. Pat. 13848, 1914), or | 
tellurium (Eng. Pat. 13297, 1915), or platinum 
and lead (Eng. Pats. 13297, 13299, 1916) is pro- 
posed by the same firm. Frank and Caro 
(I). R. P. 22432!)) advise ceriaJ'and thoria (which 
J. R. Partington has found ineffieierflb) ; Jones, 
Morton, q^ndTerziev use plumbitcs of aluminium, 
zinc, or cadmium (U.S. Pat. 1037261, 1912); 
Parsons (U.S. Pat. 1239125, 1917) mentions 
lead oxide supported on bone-ash at 1000°. 
This list does not exhaust Hhe catalysts pro- 
posed. , 

The conditions for obtaining a practical 
yield with platinum were investigated by 
Ostwald and Braucr in 1 900 ; the method is 
described in Eng. Pats. 698, 8.300, 1902, and 
7909, 1908 ; a German ])atent -vvas not granted 
on account of the’prior work of JCuhlrnann. It 
was found that the gas must be ])a8Hed rapidly 
over the catalyst, otherwise the ammonia is 
largely burnt to ('lomentary nitrogen : 

2NH3-f30, = 2Nj-|-GH,.0. 

Und(;r suitable conditions, however, w'ell over 
90 p.c. of the ammonia may be oxidised to nitric 
oxide : 4N H -f 50 ^ 4 NO -f 61 1 gO. The 

mechanism of the reaction has been discussed by 
MendeleoflF and others ; hypothetical inter- 
mediate compounds such as N ( 011)3 have been 
postulated, but nothing definite is known beyond 
the fact that nitric oxide is the first ascertainable 
product of the oxidation. 

A technical plant based on Ostwald’ s in- 
vestigations Avas erected m 1909 at the works of 
the Lothringian Colliery Co. at Gcrlhe, near 
Bochum, which produced more than 1800 tons 
of ammonium nitrate per annum (C. Trade J. 

^ 1915, 56, 553). The jiatents were taken over 
by the Nitrogen Products t’o., who erected 
factories at Vilvorde in Belgium and Dagenham 
in England. The original Ostwald process has 
been in operation for many years and, with 
suitable precautions, gives yields of 8^-95 p.c. 
of the theoretical. 

The ammonia oxidation jirocess in the 
Ostwald form was largely used in France during 
the war, the ammonia being derived fronhi 
oyanamide. The first works were installed at 
the Poudrerio pationale d’Angouleme. Carbide 
was imported from Switzerland and converted 
into cyanarnide, nitrogen being obtained by the 
Claude process at Martigny, Notre-Dame dc 
Brian 9 on, and especially Bcllegarde. Froiii 
2650 to 3600 tons of cyanarnide per month w’^ere 
delivered at AngoulSrae. The first oxidation 
plants were operating in the autumn of 1916, 
and t6e whole were in operation in 1917. In 
1917 it was decided to erect factories for making 
6(KKons of nitric acid and 160 tons of ammonium 
nitrate per day by the oxidation of ammonia. 
This programme required 800 tons of calcium 
carbide per day and 125,000 kw. Water power 
of the I’yrenees, Central France, and the Alps, 
and even central steam power plants at Nanterro 
and Carmaux were brought into requisition. 
The most important works was at Lannemezan 
(60,000 kw.), and new oxidation works were 
installed at Toulousio, Bassens, Sorgues, and 
Saint-Chemas. Toulouse and Bassens had 
begun to operate at the armistice, thet others 
were nearly finished. These Vorks would have 


supplied all requirements in nitric acid and 
ammonium nitrate. 

The Ostwald converter consists of two 
vertical concentric tubes, acting as a heat 
exchanger. The heat evolved in the reaction 
I raises the temperature of the gases, which pass 
I down the inside of the inner tube. The heat is 
transmitted through the walls of this tube to the 
' mixture of air and ammonia, which passes up 
the annular space between the tubes to the 
catalyst, which is placed at the top of the inner 
tube. The temperature of the catalyst is thus 
I maintained at 800 ”-830^ without heating fropi 
outside. The external tube is of iron, enamelled 
on the inside, the inner tube being of nickel, 
3 ‘5 ra. long, 63 mm. diameter, and 1 mm. thick. 
The iron tube is 100 mm. internal diameter and 
is only 3*25 m. long, so that the nickel tube 
protrudes below 25 cm. I'his is prolonged by an 
aluminium tube, in which the gas cools to 260°- 
270° before passing into a large aluminium main 
collecting the products of several conveilcrs. 
The iron tube is lagged outside to hinder 
radiation. 

The catalyst is prepared by taking two strips 
of ])latinum toil, 2 cm. wide and O'Ol mm. thick, 
crinkling one into ridges 1 mm. a])art, laying 
this on the other fiat strip, and rolling the two 
I into a circular jiad 66 mm. diameter, weighing 
i 50 grms. The appearance of tlie catalyst then 
! resembles the corrugated cardboard used for 
' packinij. At the top of the nickel tube and 
inside it are lugs, on which the roll of platinum 
rests, 'i’he outer iron tube is closed at the top 
I by a hinged lid, with a. mica ins])ection wdndow 
i through which the tem])erature of the catalyst 
I may be observed. The activity of the platinum 
I increases ra[udly with use for some hours. It 
then slowly falls off and the catalyst requires 
renewal after three qionths. The platinum 
when taken out is found to be encrusted with 
i dust, changed by impurities in the gas, or 
crystallised by the high temperature used. The 
activation of the platinum depends on a peculiar 
physical change (Rideal and Taylor, Catalysis, 
1919, p. 97); the metal sw^clls up into micro- 
scopic efflorescences, probably owing to solution 
of gas and subsequent expulsion. 

Each converter unit produces 100 kg. nitric 
adid per 24 hours. The mixture of air and 
ammonia ( should ^contain about 8’6 p.c. of 
ammonia by volume. The proportions of air 
and ^ammonia may be determined by Venturi 
meters ;e before passing to the converter the 
two gases should be thoroughly mixed by 
passing through a tower with baffles oc otherwise. 
Tlie gas should also b(j filtered from dust, since 
oliide of iron acts very prejudicially on the 
catalyst. 

At the Angoul6nle works there are 864 
converters,* arranged in three batteries of 
6 rows of 48 units. Th*e appearance of the 
converter houqe is reminiscent of a small forest. 
The ammonia gas is taken from a balancing 
holder of 300 cu. ra. capacity by a 3 h.p. fan, 
the air is introduced by a 17 n.p. fan. 

*At the newer worka at Bassens the air is 
taken in by suction through filters composed 
of thin rectangular boxes wdth flannel sides by 
means of two blowers delivering 7000 cu. m. 
peihhour each. The air and apjmonia gas are 
mixed in a vertical cyhndrical iron mixer, 
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6 feet in diameter and 20 feet high, containing 
bafl3e plates, with two inlets placed tangentially 
at the bottom and an outlet at the top. 
The mixture contains 1 vol. NH3 to 11 vols. 
air. 

The converters are arranged on a floor above 
in 8 groups of 6 to form a battery : 

000000 000000 000000 000000 

000000 000000 000000 000000 

• Each half of the battery has its own inlet and 
outlet mains. Twelve batteries of 48 units are 
artranged in one house, and 12 in a second house, 
each being served by a separate gasholder for 
ammonia. 

The oxidised gas from each main coming from 
24 converters enters by aluminium mams at 
about 200''C. 2 large U -tubes of silicon-iron, 18 
inches diameter and 20 feet high, witti 2 vortical 
outlets below. These tubes arc cooled by a 
shower of water and the gas leaves at HO'^C. 
It then passes to a series of (> pottery U-tubes, 
about 18 inches diameter, placed in a water- 
bath with partitions to cause (irculation of I 
cooling water. Inside the U-tubes are vitreosil 
tubes closed at the bottom, acting as Hough’s 
condensers, about G inches diameter an<l IG loot 
long. Beyond these G U-tubes arc 17 U -tubes, 
with internal cooling but exposed to tlie air. 
The water from the internal coolers of these 
passes to the trough of the first G tubes. The 
outlets from 4 batteries of tubes are joined 
in a rectangular trough of volvic lava, from 
which a single 24 -inch pottery main leads the 
gas, cooled to 40''X!., to a set of G absorption 
towers, 1 set of toivers to 4 smni- batteries of 
24 converters each, or 3G towers in all. Pre- 
ceding each set of G towers are 4 empty oxidation 
towers in parallel, consisting of stoneware 
pipes, 18 inches diamfftor and 20 feet high. 
Owing to the heat of oxidation of the NO the 
gas leaving these towers is still at 4()'’0. 

The absorption towers ar6' of acid-resisting 
brick laid in sibcate and sand mortar with iron 
strengthening liands. They are 4 m. internal 
diameter and 1 2 ’5 m. high. J oints are made with 
a soft mixture of asbestos, sulphur, and tallow. 
The gas passes into the bottom of each toworf 
down through an internal pottery pipe of ^2 
inches diameter to the bottom of the next 
tower. The packing is of Quartz lumps, all 
the same size, 6 inches (baineter. The gas 
pressure is G to 7 cm. of water at th« enti^ to 
the towers. Acid is circulated in each flower by 
two Kestner automatic moiitejus per tower, 
delivering to the tops the towers throuA 
aluminium pipes 2 inches diameter. Tp^i 
circulation of acid per tower is 5000 litres per 
hour. Towers 1 to 3 are cooled by passing the 
acid leaving them in a shower over ajbattery of 
glass tubes enclosed ir»a box of volvic lava with 
cold water running through the tubes. The 
reaction is intense in the third to\ter. The final 
acid is 33°B6. The exit gas from the towers 
contains 4 grins. NO per cu. m. 

The process of ammonia oxidation in which 
platinum is used as a 'catalyst has .been coft- 
siderably improved in recent years. The im- 
provements are mainly in the direction of 
using platinum wire gauze instead of foil, 'fi|jid 
in replacing tile nicKcl tubes, with a small 
output per unit, by cheaper and more convenient 


converters of aluminium or enamelled iron of 
much greater output per unit or per gramme of 
platiitum. 

The use of a single layer of electrically heated 
platinum gauze a% a catalyst fey the oxidation 
of aramonja was described by Frank and Caro 
{see Schuxmaus, Metall und Krz, 1916, 13, 21) 
j and by Landis (U.S. Pats. 1193796 to*l 193800, 
1916; Chem. & Met. Eng. 1919, 20, 470; on 
the construction of catalysts, see Oxidation of 
Ammonia, Munitio^is Inventions department, 
Stationery Office, 1919; and A. A. Campbell, 

J. Ind. Eng. Chern. 191i9, 11, 4G8). 

• Tlie basis of all the recent improvements is 
to be found in the patent of Kaiser (Eng. Pats. 
20325, 1910; 24035, 1911; D. R. P. 271517, 
1914), who proposed the use of several suiierposed 
line platinum or iridium gauzes in close contact, 
the mixture of air and ammonia gas being pre- 
heated, before passing to the catalyst, to 300^- 
400^. In this way a very rapict stream of gas 
may bo passed through tht‘ apparatus and the 
output correspondingly increased. 

lnMarehl9J7 J. R. Partington, in the course 
of experiments earned out for the Munitions 
1 nventions Department, found that two platinum 
gauzes could be used, the lower one heated 
electrically and separated from the upper gauze 
by sili(!a rods of small diameter. Tliero was no 
marked improvement in the yield if more gauzes 
were added. Unless electrical heating or pre- 
heating of the gases is used the yield drops from 
92-95 p.c. to about 85 p.c. even if four gauzes 
are used. The question of using gauzes in close 
contact, or slightly separated as in the above 
typo of catalyst, has been much discussed. So 
far as experiments go there appears to be little 
difference, although the sejiarated gauze typo 
has recently boon claimed to be more efficient < 
(Perloy, J. Ind. Eng. Chem. 1920, 12, 5, 119; 
Met. & Chem. Eng. 1920, 22, 125). 

The size of the modern converters is very 
small in comparison with the output attained. 
Thus, atsonverter of cross-section 4 inches by 
G inches, with two gauzes, is sufficient to supply 
j all the oxides of nitrogen required to replace 
tjje nitre pots in a large tihambcr plant. This 
' IS a convenient size for a unit, although larger 
sizes, with 1 or 2 square feet cross-section, have 
been operated. The output of»16 kg. HNO, 
per grm. platinum per 24 hours corresponds 
with an output of 1'5 tons HNO3 per square foot 
cQnvorter cross-section (i.e. 2 square feet total 
(janze area) iier 24 hours (J. 80c. Chem. Ind. 
1918, 37, 337 R). For further details the reader 
IS referred to the pamphlet on The Oxidation of 
Ammonia Applied to Vitriol Chamber plants, 
H.M. Stationery Office, 1919. 

A much higher rate of conversion has been 
attained in the rao^ recent type of convexter 
protected by J. R. * Partington (U.S. Pat. 
j 1378271, 1921). This contains 2 gauzes in 
contact, and the arrangement is otherwise the 
same, but the air was replaced by oxygen. 
Pure oxygen and ammonia gas form dangerously 
explosive mixtures until the ratio 1 vo\ NH3 to 
3-5 vols. oxygon has been exceeded. But by 
mixing steam with the gases to damp down the 
explosion, and preheating*to 600°, an almost 
quantitative conversion is obtained. The correct 
proportion of steyu is formed by volatilising 
concentrated ammonia liquor (sp.gr. 0*88) 
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completely in a current of oxygon sufficient 
to oxidise tho ammonia completely to nitric 
acid. The products of combustion maV then 
be condensed directly by 
cooling tf fairly concentrated 
nitric acid, witho^it the neces- 
sity of using the absorption 
towers required in the ordi- 
nary process. In view of tho 
large amounts of oxygen ob- 
tained as a by-product in the 
preparation of nitrogen from 
the 'air l^y the rectihcation 
jirocesH.this niiithod of oxida- 
tion secnis to offer special 
advantages. 

The Munitions Inventions 
Dejiartment a^iparatus is j 
shown m Fig. 9. it consists j 
of a fo]i and bottom cone j 
(Fig. 10), with rectangular i 
body pieces between, all in I 
cast aluminium I inch thii^k. j 
Three body pieces arc shown, j 
but later experiments have i 
shown that two, or even one, | 
will suffice. The area in.side j 
IS 4 inches by <> inches. I'ln* i 
*pie<H*s are provided with I 
ilangi's, inch wide to facili- 
tate bolting together, and 
perforated baffles of sheet 
Fio. 9. aluininmm are inserted be- 

Ammonia Osi.latlon tW(HT,the 

(Jonvprter iit the junction tietween ttm 
(from ‘"I' And Imdy piece 

‘Textbook of }y\- which is occupied by a apeiaal 
orfiornc VhenuKtrjf' catalvsl (Fig II) of two 
])hitinuni gauze, of 
jnire ])latinum wire ()’()025 
inch diameter, woven in uniform mesh w'lth 80 
strands to the linear inch. 

The air and ammonia mixture passing to the 
converter, in the proportion of 1 vol. of^animonia 
to 7'6 vols. of air, is most conveniently obtained 
by blowing air through 26 p.c. pure ammonia 
liquor in a coke towci (Fig. 12), and dnving 
the ammonia by adiiiittmg a little steam at the 
base of the tower. Before entering the con- 
verter, the gks must be tilterecl, as traces of 
oxide of iron, present in dust, ‘poison’ 
the platinum and render it inactive. 

The converter is started by heating 
the gauzes electrically, or with a Bunsen 
torch inserted beneath the cataly.st. 

AVhen reaction begins, it continues un- 
interifaptedly without external heating. 

It is desirable to take out the platinum 
gausses about once every two or three months, 
and clean them by bodii^g with concentrated 
hydrochloric acid. After six or eight montlis’ 
use the platinum begins to disintegrate, and is 
replaced by a new gauze. Perfectly new gauze 
is not very active, but rapidly becomes activated 
after a day’s use. Activated gauzes may be 
stored in a place quite free from dust. 

The output per square foot of catalyst sur- 
face (2 gauzes) is ^^quivalent to 1-6 tons of 
nitric acid per 24 hours. The gases from the 
converter are cooled in silica S-pipes exposed 
to air, and may then pass din?ctly to the Glover 
tower or other part of thi vitriol plaqt. 


An improvement in the yield is attained by 
preheating the gases to about 400‘^-600°C. 
before thf* converter. 

Enamelled iron converters, made by the 
Cannon Iron Foundries, Deejdields, Staffs., have 
also jiroved entirely satisfactory. A recent type 
of converter i.s described by C. S. Imison and 



Fjc. 10. 

Cone of Aininouia Oxidation Converter. 

I W. Russell (J. Soc. Chern. Ind. 1922, 41, 37 T), 
and IS used by the United Alkali Co. The gases 
are preheated by utili.sing the heat of tho re- 
action itself. I'he converter is of iron, protected 
,by enamel or b}^ painting with sodium silicate 



Fig. 11. 

Catalyst for Ammonia Oxidation. 

solution and barium sulphate. This type of 
apparatus is a distinct improvement on other 
designs. .. 

Parsons and Jones (J. Ind. Eng. Chem. 
1919, 11, 541; Eng. Pat. 132561, 1918) use 4 
layefs of platinum gauze, 0'0020 inch diameter 
wire and 80 mesh, in close contact. The catalyst 
is c)dmdrical, closed at the bottom with a silica 
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plate, and hangs inside a chamber lined with 
glazed bricks. No preheating of the gas is used, 
the heat radiated froln the gauze and walls of 
the chamber sufficing. The yield is said to be 
90 to 91 p.c., and 70 lbs. of ammonia are oxidised 
per oz. of platinum in 24 hours. This apparatus 
does not appear to have been in use on the large 
scale. 

Perley (Chem. & Met. Eng. 1920, 22, 125 ; 


J. Ind. Eng. Chem. 1920,^12, 5, 119) describes 
a now form of intorchanger. A cylindrical 
4-lay^r gauze is used. The conversion efficiency 
is said to be 95 p.c. ; 100 lbs. of ammonia are 
oxidised per 24 hours per oz. of platinum. The 
gases are preheatld to 600^C. *by mixing pre- 
heated ail# with ammonia gas in an iron pipe 
lined with silica. The same author spates that 
very small amounts of phosphine are detri- 
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Apparatus for producing mixture of Ammonia and Air. 


mental ; this impurity, which majf be present 
in cyanaraide ammonia, may bo removed 
(Parsons and Jones, Eng. Pa.t. ll;i6342, 1920) by 
passing the mixture of ammonia and air, heated 
to SO^-BC’C. over a catalyst composed of ‘ a 
metal of the silver group’ on a support of 
carbonised cellulose fibre. Ammonium phos- 
phate is formed, which is retaifted by the 
carbon. Taylor and Capps (J. Ind. Eng. Chem. 
1918, 10, 457) state that acetylene present 
to the exterWi of 0'02 p.c. reduces the field 
from 95 p.c. to 89 p.c., and OT p.c, to 


05 p.c. Later {ibiih 1919, 11, 27) they find that 
phosphine is very harmful ; 2 to 3 parts per 
million reduce the yield several p.c. The effect 
of acetylene is probably due to phosphine as 
impurity. Decarridro (Compt. rend. 1921, 172, 
1603 ; i73, 148 ; 1922, 174, 460, 750) finds that 
small amounts of hydrogen (0*44 -p.c. by vol.) 
slightly increase the activity of the platinum 
catalyst, but larger amouijts ( 1 O-l *5 p. c. ) slightly 
reduce it. Hydrogen sulphide lowers the activity, 
the effect depending on the concentration rather 
than on the t(^al amount which has passed 
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over the catalyst. Acetylene causes, during 
the first few minutes, a slight rise in the yield, 
followed by a fall which is proportional the 
absoldte amount of impurity which has pWed 
rather than to the concentration, and continues 
even when purd gases are theii used. Hydrogen 
phosphide, even to the extent of 0-f0002 p.c., 
reduces the yield 30 p c., and with 0*02 p.c. the 
yield falls from 93 8 p.c. to 3 ’9 p.c The activity 
is regenerated when the impurity is removed. 
The presence of counteracts the injurious 
effects of CgHg and PH j. * 

The ammonia (jxidation jilant of the Hochst 
Farbwerke (vormals Meistor, Lucius und lam- 
ing) (J. Soc. Chem. Ind., 1921, 40, 18.5 R) 
is situated at Hochst, on the right bank of 
the Main about 10 miles from Mainz. It is 
about 2 miles from the works of the Grics- 
heira Elektron Co., with which, however, it 
has no connection. Duiing the war an amalga- 
mation with the Badischc interests took place, 
synthetic ammonia from Oppau being snpjdied 
to Hochst for oxidation {.^ee p. 57 1 ). There was 
before the war an oxidation plant at Hochst, 
comprising 37 converters fitted with circular 
platinum gauzes about 7*2 inches diameter, 
contained in vessels similar to those used for 
contact sulphuric acid. 'Phe efficiency of this 
plant, which produced about 54,000 tons of 
nitric acid per annum, was not above HO p.c., 
and a new plant, completed in February 1919, 
was erected in its place at a cost of about 
£1,000,000. This plant has a capacity of 
24,000 tons of ammonia, or 140,000 tons of 
nitric acid, per annum. 

In addition to synthetic ammonia, arriving 
as 25-27 p.c. liquor from Oppau, gas liquor 
ammonia (20 p.c. NH,), and cyanamide am- 
monia liquor (22-27 pc.) from Knajisack (.see 
^p. 579) were received, the liquor being stored m 
4 overhead sjiherieal steel tanks, each of 204,200 
gallons capacity. The liquor was rectified in 
4 stills, 1 spare, of the Wavalle typo with 15 
effects, each with a capacity of 20 /ons of 
ammonia daily. The gas not used for oxidation 
was absorbed in a plate tower 30-40 feet high. 
Ammonia from gas li(iuor was scrubbed with 
caustic soda solution of 48“-53'^ Tw. and thoiV 
passed through charcoal purifiers in the usual 
way to remove^ sulphur compounds. The am- 
* monia gas from the stills was freed from moisture 
by refrigeration with ice-cold water ; the presence 
of moisture caused scaling of the iron pipes 
and was also behoved to be prejudicial to the 
conversion, although there is no evidence of 
this. 

The ammonia gas and air were metered 
througli' Venturi meters and driven by ten 
55 kw. centrifugal blowers to the filters and 
convertors. The mixture contained 12'5 p.c. 
by volume of ammonia,* regulated within 
narrow limits. The ammonia supply pipe was 
6 inches diameter and the air pipe 18 inches 
diameter. The air was filtered through cloths 
in a wooden box and the mixed gas was care- 
fully filtered from dust and ammonium salt 
fumes through 8 layers of linen cloth in chambers 
9 feet by 6 feet. 

The gas passed unct'sr C inches water pressure 
through two central mains in the converter house, 
from which it was diverted to the 22^ con- 
verters, each provided with a Circular platinum 


gauze catalyst of 20 inches diameter, or 2 '12 
square feet cross section. The maximum output 
of each converter was 1*5 tons of nitric acid per 
24 hours, the efficiency of oxidation being 
89 p.c. The efficiency from ammonia to dilute 
acid (including the efficiency of the absorption 
plant) was 87 p.c., that from ammonia to strong 
acid (including the concentrating plant) was 
84 p.c. The body of the converter (Fig. 13) 
con.sists of cast iron, in four sections with 
flanges. The two middle sections were 18 inchei, 
and 12 inches high, and supported the catalyst 
between them ; the conical top and bottom 
pieces were each 3 feet 0 inches high. The top 
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cone was lined with sheet nickel to protect it 
from the hot gas. The catalyst, clamped 
between asbestos rings, w^jis started by heat- 
ing to redness by a hy^ogen or coal-gas flame 
inserted below it through a lighting hole shown 
in the figure. ■ 

The exact construction of the catalyst has 
been differently stated. It has been asserted 
that it consists of 2, 3, or 4 platinum gauzes, 
20 inches diameter, of 0*06 mm. wire with 80 
meshes to the linear inch. The gauzes are 
possibly spot-welded, and are supported on a 
grid of 10 stout platinum wires, 1 mni. diameter, 
spaced at 10 cm. distance. The total weight of 
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platinum in the catalyst has been stated as 
333 gnus,, which does not agree very well with 
the details of construction, but is probably 
approximately correct. 

The converters were arranged in 2 sets of 

7 or 8 on each side of separate inlet and outlet 
mains, the latter 1 foot in diameter and con* 
nected with the converters by 4-inch pipes, 
lagged with diatomite brick shaped to fit, 
cemented and wired. The upper bend pipe of 

(the converter was not lagged, so as to allow for 
expansion. Before entering the converters the 
gas passed from a common main to a vertical, 
lagged, multilubular preheater, 16 feet by 
6 feet external dimensions, in which it was 
heated by steam. The purpose of this was to 
prevent condensation of acid from the liot gases 
coming from the converter when these were 
passed tlirough the lioat excli^iger which 
followed. In this, which was identical in 
dimensions with the preheater, the warmed 
gas passed in counter current to the gas from 
the converters, and left at 200”C. Two heaters 
so arranged served 14 converters. The tem- 
perature of the catalyst was about 800" ; lh» 
gas left the converter at ()50"--700°. In starting 
the converters extra air could be added and the 
only partly converted exit gas by-jiassed to a 
chimney until the gauze was activated. Gate 
valves were used, with a sliglit air pressure on 
the side of the valve not in contact with the 
gases, to prevent leakage. Jn 60 of the latest 
type of converters, tlic gas was passed by a 
lagged 3-feet mam through 2 tubular boilers, 
leaving these at 270" to the heat exchanger. 
In this way 4 tons of water were evaporated 
per hour and the steam was used for warm- 
ing the gas, as doscribe'd above. From 1 to 
3 men only are necessary to look after all the 
converters. ^ 

I'he gases containing nitric oxide and steam 
coming from the converters were passed through 

8 cast-iron mains 18 inches diameter, supported 
on 3 ferro-concrete bridges, to 4 rows of 8 
absorption towers. Each row of towers was 
provided with 12 intensive coolers of special 
design, i.e. 48 coolers m all. These coolers 
(Fig. 14) were of aluminium, with an annular 
space between the outer wall and an iijner 
vessel, the gas entering above through 4 intets. 
In them, on account of th^rapidity»with which 
the gas passed through, practically no acid was 
condensed, but only water. The conden^te was 
put down the fifth absorption tow5r» Tlie gas 
left the set of 4 coolers at* 30"(h through 4 
pottery mains 1 foot diameter, joining 1j|p a 
single brick chamber a# the base of each sot of 
8 towers attached to 56 converters. Secondary 
air was admitted at this point (not before the 
coolers). 

The towers are 41 feet high^nd 21 feet 
diameter, internally! The walls comprise 3 layers 
of brickwork, the outer layer (jf bricks 6 inches 
by 4 inches, set in a mixtuVo of sodium silicate 
and kieselguhr. I’he top of the tower is slightly 
domed and there is a central partition in each 
tower, the gas passing up one side and down the 
other, and then going to the next k)wer through 
a brick channel at the base. The towers are 
packed with stoneware rings. The total internal 
volume of |11 the towers is 36,320 cu« feet, 
which amounts to only 81 cu. feet per lb. NO* 
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absorbed per minute as I compared with 360 
cu. feet calculated by the formula proposed 
by J. R. Partington and L. H. Parker 
(p. OT4), or 1600 cu. feet as used at the French 
works at Bassens. The reason why this small 
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Aluminium Coolei. 

tower cajiacity is cflcctivc is clear when it 
IS remembmod that at ^Tochst no less than 
26 p.c. of the oxides were absorbed as nitrate by 
saturated .sodium carbonate solution fed to the 
last two towers, ^'lie liquor in the first of these 
towers is allowed to become acid, so that the 
nitrite is converted into nitrate, whilst that in 
the second is kept alkaline, to absorb the oxides 
of nitrogen driven out of the first when con- 
version into nitrate occurs {see p. 004 ; Eng. 
Pat. 129099, 1919, of Partington and Rideal). 
The solution of nitrate was evaporated by th# 
waste heat of the converters. The remaining 
towers were fed with water for the production 
of nitric acid. The efficiency of absoqition 
plant was 97 p.c. Each tower is stated to have 
cost 4(1,000 marks. Acid of 60 j).c. strength was 
obtained from the first tower of the series, the 
liquid being circulated in the towers by 8-inch 
•chrome steel centrifugifl pumps each fed by a 
3-4-inch pottery mam and delivering through 
a silicon-iron pipe of the same diameter to the 
top of the tower, two delivery ^lipcs being used 
to each tower. The metal pipes were coned and 
fitted in the same w^ay as the pottery pipes. 
•Acid distribution was effected at the top of the 
tower by a revolving ribbed disc, turned by a 
gear shaft at 80 revs, per minute. 

The acid from the towers was passed to the 
coolers, consisting of S -pipes of silicon-iron 
cooled externally with water. There were also 
intercoolers between each pair of towers ^xcept 
the last, and the 4ejnporature was kept as low 
as possible, 25"C. in winter and 40"C. in summer. 
The fact that the dilute acid towers would 
probably work slightly better if warm {see 
Partington and Parker, lx.) does not seem 
to have been appreciated. In summer iced 
water was used m the coolers. Large stoneware 
receivers were placed above the coolers to serve 
as acid reservoirs. circulation in each 

tower was 110 gallons per minute; the loss 
of V'id in the whole system did not exceed 
2 p.c. 
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Twelve stock tanl^ s of brickwork, each hold- 
ing 1412 cu. feet, received the tower acid, 
from the receivers at the base of the tcovers, 
through tapered pottery pipes. No fan was used 
with the towers. 

The tower aCid was coricehtrated by mixing 
1 part of 50 p.c. tower acid with f parts of 
sulphuric acid, in 5 mixing ves.sels with 
mechanical stirrers, and then denitrating. About 
42,000 tons of sulphuric acid were used per 
month, but jiractically all'w'as recovered. (Tn 
France, 2-5-3 parts of sif]])huric acid only 
were used, but the nitric acid obtained was of 
85 p.c. strength, as compared with a iiio;-e 
concentrated acid obtained at Ilochst.) The 
nitric acid was recovered jiarlly in 2 rows of 
9 silicon-iron towers, 4 feet diameter and 25 feet 
high, and partly in stone towers, with ca.st-iron 
pipe jackets, 35 ffet liigh and 3 feet 0 inches 
external diameter, the walls being 9 inches 
thick. Steam at i5()"C. was introduced at the 
base by a 1-incn lead pipe just above the exit 
for the denitrated acid. The nitric acid vapour 
from the top of the denitrator passed to a cooler 
of S -shaped silicon- iron pipes, d'he acid to be 
denitrated entered half-way down the cooler, 
and acid from stock wais sent down the upjier 
part to assist condensation. Oxirles of nitrogen 
were removed from tfio nitric acid by a current 
of air and recov(‘red*^iii 20 absorption towers. 
The completely denitrated sulidiuiic acid was 
cooled in a water-cooled cast-iron cooler and 
collected in a large load lined tank of artificial 
stone. It contained about 7(^ ]).c. sulphuric 
acid, and was rcooncentrated in a Ki-ssler 
apparatus or in iloonig’s modified Pauling 
apparatus (wc Zcitsch, arigcw-. Chem Hf2l, 34, 
168, 173k The latter w-as said to he very efti- 
cient (In French practice, a denitrating column 

feet high and 18 inches internal diameter 
produced fi-8 tons of nitric acid per day with 
an overall yield of 85- 87 p.c. on the ammonia 
burnt in the Ostwald tyjie catalysis. The con- 
sumption of fuel ill reconcontrating the si^lpluirie 
acid w'as 15-20 p.c. of the weight of nitric acid 
produced.) 

It is of interest to coipjiare the mode of opera- 
tion at Hoehst, rejireseiiting the latest German* 
practice, with the indications obtained by experi- 
mental work carried out for the Munitions Invcn- 
Vions 1 )epartment. The separaf.ion of w-ater from 
the converter gas by rapid cooling was the subject 
of Eng.* Pat. 131942, 1918. The object of this 
procedure, which is combined with the adthtion* 
of secondary air nffer the coolers, is to keep the 
gas as concentrated as possible in the oxidation 
and absorption towers. It is clear from the 
equatioif 4NH3-f 50o=4N()-f 6n.,0 that the 
uncooled converter gas contains nitric oxide and 
steamcin the ratio 2 to 3 by volume, so that if 
the steam is taken out a co^sMerablc concentra- 
tion in oxides of nitrogen results. The fact that 
the condensate is afterwards put dowm a weak 
acid tower may have tended to obscure the 
rationale of the method. The use of alkali to 
finish the absorption was carried out in the 
manner specified in Eng. Pat. 129699, 1919; 
this effected a considerable economy of tower 
space. The use of si^phuric acid as an ab- 
sorbent, which was tried at Leverkusen and 
folHid unsatisfactory, was also the subject of 
ft long series of experiments, «which showed 


that it was not an efficient method of absorp- 
tion. 

In the ammonia oxidation plant at Muscle 
Shoals {see p. 677) there arc G converter houses 
and a meter room to each, the air being passed 
by blow-era through a 5Pfeet duct and mixed 
with ammonia gas by meters in the ratio of 
1 vol. anwionia to 9 or 10 vols. air. The mixing 
is performed in 12 mild steel mixing tanks, 
8 feet diameter and 30 feet high, packed with 
G-inch spiral rings, from which the gas passes^ 
to the converters. 

There arc 4 rows of 29 converters in each 
converter house, or G9G in all, spaced 5 feet 
apart. The gas enters at the top through an 
iron pipe. The body of the coiiveitcr is an 
aluminium box, rectangular in sectior, 14 inches 
by 28 inehi's aiul 5 high. At the base is a 
single horizontal slu^et of platinum wire gauze, 
of 0-003-inch wire and SO ineslies to the linear 
inch, w'eighing 4-G ozs. troy. Each gauze is 
heated by an 8 kw^ transformer at 21 volts and 
375 anifis. to about 750^’(:. The converted gas 
yiasses down through an iron cone attaelied to 
.he eonvertei body' and along an iron pipe to a 
concrete fine lined with acid-resisting tiles laid 
in acid-proof cement, leading to the coolers. 
Each converter produces 900 lbs. of nitric acid 
per 24 hours. 

The high -temperature coolers consist of 24 
horizontal steam boilers at 25 lbs. jiressure. In 
passing through the t-ubcis the teinjicrature of 
llie gas is reduced from G00"C. to 200“C. The 
gas tlu'ii jiasst's to loAv-teinperature coolers, 
12 of which are used, connected wnth the boilers 
by 30-inch aluminium jiipes. Each low- 
tempeiaturc cooler is a rectangular brickwork 
chamber divided int() 5 compartments by 4 
walls whicli do not quite reach across, so that 
the gas is compelled to /^^ake a zig-zag course. 
Susj)(md(!d from the roof of each compartment 
are 140 tubes, 5 inches diameter and 7 feet long, 
in 2 comjiartments) of stoneware and in 3 of 
silicon-iron. Each tube has an outlet lip at the 
top and an internal tube through which water 
flows. The gas is cooled on the outer surfaces 
of these tubes to 30"G. and some nitric acid is 
copdensed, which drains off to No. 3 well of 
the, absorption system. 

From the coolers the gas passes to 12 
oxidation Imw-ers, 15 feet square, of chemical 
brickwork, each divided internally by 2 walls 
into 4, compart, rnonts. The gas passes up one 
compartiri'nt, over the top of the dividing wall, 
down the next compartment, up the next coin- 
parj,mcnt, and down the last. The practically 
fully oxidised gas now" passes to the absorption 
toilers. All the towers are housed. There are 
24 absorjition towers, 35 feet square and 60 feet 
high, of brick, divided into 4 compartments as 
before. The* first tower of ^ach unit of two is 
half packed with 6 -inch spiral rings and half 
with 3 -inch spir|il rings. The second tower is 
completely packed with 3 -inch rings. Water is 
circulated in counter-current to the gas and 
50 p.c. acid is recovered from the towers. The 
acid is pumped by air lifte, each single stage, 
throwing 60 'gallons of acid per minute. One 
lift is provided for each compartment, or 96 in 
all with 24 spares {see J. Oliphant, Chem. & 
Met.t/Eng. 1920, 22, 408). To ^commodate 
these lifts there are 120 iron wells, 12 inches 
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diameter and 100 feet deep. The lifts consist spray. The tower acid ylisses to 12 aluminium 
of 3-inch aluminium pipe (which was not found weighing tanks on scales, and is discharged to 
satisfactory in England for nitric acid), with 12 |torage tanks of acid brick and concrete, 
silicon -iron flanges. The towers also stand in ^ from which it is run off by a 3 -inch aluminium 
aluminium saucers. Air at 100 lbs. pressure is ' siphon. When operating at full capacity the 
supplied by a 1-inch pipe, and the aeid in each i plant produces *280 tons of* nitric acid per 
well section is cooled by water flowing in the day. ^ . 

well. Leakage of acid is indicated by a signal A comparison of the sizes and ^outputs of 
lamp lighting up owing to increased conductivity, various types of platinum gauze converters is 
Between the two towers of each unit is an given in the following table. These results were 
^ aluminium fan, and after the second tower a all obtained by J. R Partington in long runs 
similar fan exhausts the residual gas to the free under various conditions, with cimvertcrs of 
*air. The compressed air from the lifts i.s also cross-section 4 incheg by f) inches, i.t. full-sized 
discharged into the free air, whudi must cause technical units,* lor comparison, the Gstwald 
considerable loss of oxides of nitrogen and acid i type is given first. 


Type of converter 

Calnly.st 

• 

Method of hoafinf? 

Converhion 

et1i(!i(*iicy 

Output kgni. 
tlNOapcrgrni 
rt per 24 hours 

Ostwald 

Platinum foil 

Itogenerative 

90-95 p.y. 

1*7-2 

Frank -Caro 

Hingle ])latinum gauze 

Electrical 

!.()-■« „ 

11 

Kaiser 

4 siqierposed platinum 

ITc heating of gases 

95 

12 


gauzes 

• 


16 

Partington 

1 

2 ])latinimi gauzes 

J']lcetrical or preheating 

95 

slightly sojiarated 

of gases 

98-99 „ ! 

21 

Partington ^ ' 

2 platinum gauzes in 

Gases -f steam preheated 

1 to 500°-000° 

wnth oxygen . | 

contact 

• 

i 


Catalysts other than Platinum. In the jire- , were 2 rows of 10 ammonia stills in each, also 
limiiiarv account of the oxidation of ammonia i of about 1000 gallons capacity, fitted with 
the use of numerous catalysts other than j agitators and steam cods, and leading to^ a 
jilatinurn was described. A large number of common mam of 18 inches diameter. Gas 
these have lioeti found iinsuitahle in ])iaetjee liquor was distilled from milk of lime in vertical 
for various reasons. In some eases the catalyst stills of 0 effects, the steam coils being in the 
is not sufficiently active; in others it rajudly bottom section. lour columns were installed, 
deteriorates m use ; and finally, it may be The ammonia gas was passed through a similar 
necessary to usi* simii a high temjierature that vertical column scrubber, in which it 
difficulties are (meountereir m the construction washed with caustic soda solution. There were 
of the contaiiiiiig vessel. The best non-platinum 2 scrubbers, 5 feet by J2 feet; the stills w'ere 
catalysts seem to be those having as a base oxide JD feet high and 4 feet diameter, 
of iron or chromium (the latter pre])ared (Eng. The ammonia gas was passed through a 
Pat. 126710, 1617) by the gentle ignition of .smalr balancing gasholder of 500 cubic feet 
ammonium diehromate and afterwards com- j capacity into a large holder of fOOO cu. m. 
pressed into pastilles), together wuth up to 10 ^ capacity with an indicating dial. A mixture 
p.c., or even more, of ‘promoters,’ cspecjall^ 1 of air and ammonia containing 7-8 p.c. of 
oxides of cerium and bismuth (Eng. Pat. 120715, j ammonia was driven by separate centrifugal 
1917). Catalysts of this type are described blowers to the converters, the air being filtered 
in the patents of Farbeiiabnk V(#m. F. Bayer through cloth. Venturi mefers controlled the 
( 5 er above), and arc used by the Badische Co. mixture, wdiich contained 7-5 p.c. by vol. of 
Phimbites and mangaiiates, although? fairly ammonia. The air passed through a cylindrical 
efficient catalysts, act too strongCyton the com tubular heat exchanger (Eng. Pat. 146069, 
tainmg vessels at the high temperatures required 1920), 12 feet by 12 feet, in counter current to 
to be oT much use. In all eases, a higheiitem- the hot converter gas, leaving by an 18-inch 
perature, 800° as coiflpared with G00°-700°, is pipe, a 0 -inch by-pass being also provided. The 
required with oxide catalysts than with platMium, I ammonia was not preheated, but passed by 
and the catalyst must be in thicker layers. The j a 4-inch pipe to a mixing chamber between the 
cheapness of the oxide catalysts, and the fact exchanger and converter. This mixing chamber 
that they are lega susceptible tO poisons than in some cases *qpsisted of an inclined corie 
platinum, are jioints in their favour. 3 feet long and 4 feet diameter, the hot air 

The Bayer process is in im at the Leverkusen entering the base and the ammonia ana cold 
works of that firm, the plant being erected early j by-passed air tangentially. The mixture passed 
in the w^ar to replace Chile nitrate. to the converter at 300 -300 . 

The ammonia came partly from synthetic The converters are sheet-iron cylinders 
sulphate and partly from gas liquor. The lagged externally and lined wuth oncks, 16 feet 
ammonium sulphate was dissolved on side high and 12 feet external diameter. They 
of the works in 12 dissolvers of 1000 gallons’ formerly had an axial tube 3 feet diameter, 
capacity ; and milk of lime was prepared in a serving to convey cold air to equalise the tern- 
parallel rW of vats on the other side. between pesaturc of the catalyst, but m the newer 
1 Eesiilte \ilth converter 2 inches by^lnches. 
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types, which have a|diameter IJ that of the 
older, this axial tube is omitted. The catalyst 
layer is deep, so that the time of conta|t is 
much longer than with platinum. Therl are 
first about 10 inches of fine granules resting on 
coarser granules on a perforated refractory 
plate. The gas passes upwards though the 
catalyst. The diameter of the catalyst granules 
varies frofti 5 to 10 mm. The diameter of the 
catalyst bed in the older type was 0 feet, the 
drop of pressure across it being about 10 cm. 
of water. The temperature of the catalyst is 
about 750'^C. The average capacity of the older 
units was 4600 kg. ambioniy per day ; tfie 
new converters have a capacity of 1.5,000 kg. 
per day. The cajiacity of the whole jilant is 
6000-7000 tons of nitrate per month, with an 
overall efficiency of 80-85 p.c. The catalyst, 
provided by the Badische Co., consists of oxide 
of iron with promoters. 

The absorption plant cotisiats of three dis- 
tinct units. Thtise effect absorption in sodium 
carbonate, in water, anti in suljihurio acid, 
respectively. 

In the alkaline absorption section, each 
converter is connected with six towers, the first 
a small rectangular stone tower 12 feet high 
and 3 feet wide, acting mainly as a cooler. 
The second tower is cylindrical, 30 feet high 
and 8 feet diameter, o’l steel iilatcs. The thud 
tower is rectangular, of volvic atone, and 
30 feet high, whilst the remaining three towers 
are like the second. There are 1 2 rows of these 
towers, the gases from which pass by a common 
main to a 00 -feet tower 20 feet diameter, 
through which they are drawn by a fan. 
Saturated sodium carbonate solution is sujijilied 
to the tops of the first, second, sixth, and seventh 
towers, and drains to a granite tank, from 
w4ich it is pumjied to the top of the fourth 
tower, which is run slightly acid so as to cause 
conversion of all nitrite into nitrate. From 
this tower the sodium nitrate solution leaves 
by a 4 -inch main. ^ 

In the water absorption section, erected in i 
1918, the gas from the converters is brought 
by a 3 -feet main to 6 brick towers, 40 feet by 
12 feet, arranged in 3 rows of 2 and packed 
with broken quartz. From these the gas passes 
through a rectangular brick flue, 6 feet by 3 feet, 
te 12 brick towels, 60 feet high and 13 feet 
internal diameter, the walls being 2 feet thick. 
After behig drawn through these towers by a 
fan the gas is discharged to the free air through 
a 3-feet iron pipe. Water is fed to the last 
tower and circulated forward by centrifugal 
pumps. When the acid reaches the bottom of 
the fourtlP’ tower in the series of 1 2 it is cooled 
between successive towers and finally reaches 
a oonceptration of 40-50 p.c. nitric acid. 

The latest plant is for absorption in siil- 
hurio acid. There are 6 .steel towers, 40 feet 
igh and 8 feet diameter, the acid being cooled 
in coils between each pair of towers through 
which it is circulated. Nitric acid is recovered 
by distillation, although steam must be added. ^ 
The results were not efficient on account of the | 
difficulty of recovering nitric acid from the | 
liquid after absorption. , | 

Oxidation of Ammonia In Solution, j 

Numerous experiments have been made ton 
the oxidation of ammonia in soCation (a) by | 


catalysts, {b) by electrolysis The results have 
not hecn promising. Ilerschkowitsch (Zeitsch. 
physikal. Chem. 1909, 66, 93) found that am- 
monia is oxidised by potassium permanganate 
in solution ; the yield is influenced by con- 
centration and 18 improved by the addition of 
ammonium salts. The action of persulphates 
has been investigated by Kempf (Ber. 1906, 
3972) and by Levi and Migliorini (Gazz. chim. 
ital. 1908, 38, ii, 10). The product is mainly 
nitrogen. The catalytic autoxidation of am-# 
monia by air was examined by N. Smith (Proc, 
Clicni. Soc. 1906, 39) ; Loew (J. pr. Chem. 1878, 
18,298); M. Traube{Gcs. Abh. 1881,393); and 
M. Bcrthelot (Compt. rend. 1863, 66, 1170). 
Electrolytic oxidation has been studied by 0. 
Frenzel (Zeitsch. anorg. Chem. 1902, 32, 319), 
F. Fichtcr and H. Ka])peler (Zeitsch. Elektro- 
chem. 1909, oJ5, 937; 1910, 16, 610; Chem. 
Zcit. 1912, ()06). The use of copper salts in 
alkaline solution as catalysts in anodic oxidation 
has been studied by Traiibo and Biltz (Ber. 
1906, 166) and Muller and Spitz cr 1906, 
778). The primary product is nitnte ; with 
cjj)])er as catalyst the formation of nitrate 
begins. The cost of electrical energy appears to 
be jirohibitive. 

Direct Production of Nitrate?. J. R. Parting- 
ten and E. K. Ridcal (Eng. Pat. 129699, 1919) 
find that if gases containing oxides of nitrogen, 
such as are produced in arc furnaces or by the 
oxidation of ammonia, aie passed through an 
alkaline solution, containing caustic soda, 
sodium carbonate, lime, or a suspension of 
calcium carbonate (limestone, or cyanamide 
sludge), all llic nitnte in the mixture of nitrate 
and nitrite first produced is ultimately con- 
verted into nitrate. 

During the first part of tho absorption, a 
mixtuie of equimoleculaii, amounts of nitrate 
and nitrite is formed ; 

1. 2Ca(()H).,+4N().^ 

='Ca(N 03 ),-kCa(N 02 ),+ 2 H, 0 . 

During this stage the reaction remains 
alkaline, and all the insoluble diluent gas 
associated with 4NO2 passes- on through the 
apparatus. 

When the reaction becomes neutral, the 
NO2 begins to dissolve as a mixture of equi- 
molecular ai^^'ounts of nitrous and nitric acids : 

2. 4NO2+2H0O-2HNO3+2HNO2. 

, The^'nitri‘5 acid at once decomposes the 
calcium ni^ite in solution, and a mixture of 
equimolecular amounts of NO and NO,-, which 
may lir written N^Og, is involved : 

3. Ci-(N02)2+2HN03-Ca(N03)2+N208-fH20. 

At the same time the nitrous acid formed in 
reaction (2) -undergoes decomposition, with 
evolution of N.2O3 : t 

4. 2HN02-N203-1-H20. 

Thus, in the volume of indifferent gas which 
contained 4NO2 on entering the apparatus we 
have, when it leaves the apparatus, 2N.2O3, 
equivalent to the original concentration. This 
gas is now passed through empty towers, where 
the NO undergoes oxidation to NOg in presence 
of the excess of oxygen in the gas. The fully 
oxidised gas then passes to a second set of 
absorbers, where reaction (1) occurs. 
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The final solution contains only calcium 
nitrate, with a little free nitrous acid, which is 
removed by passing air through it. This air is 
then passed through the absorbers containing 
fresh milk of lime, to recover the oxides of 
nitrogen. The process may be used with gas 
containing as little as 1 p.c. by volume of NOg, 
and at the ordinary temperature or with the 
solutions at 30“. The milk of lime may be used 
of such a strength as to give a resulting solution 
containing 60 p.c. Ca{N03)2. 

J. H. Partington, G. J. Jones, and T. K. 
Brownson (Eng. Pats. 1 34602, ]3(>1U0, 1911)) 
also find that, when a mixture of air, oxides of 
nitrogen, and a regulated amount of moisture 
(e.g. suitably treated gas from the oxidation of 
ammonia) is jiassed through ff chamber, and 
jets of ammonia gas introduced, there is an 
instant separation of dry, siJid,^ ammonium 
nitrate, perfectly free from nitrite. This settles 
out as a loose powder, which on standing for a 
few hours shrinks to a denser powder without 
caking. This product is loss deliquescent than 
ordinary ammonium nitrate, and the process 
gives very satisfactory yields. 3310 raeehanism 
of the reaction is not yet quite clear, the net 
result appears to be : 

2N02 + 2NH3 + H2() + 0-2NH4N03. 

If oxides of nitrogen and amni-uiia gas are mixed 
without the special ])rocautiens mentioned, 
considerable deeom})osition and loss occurs. 
The same experimenters also find tlmt the fume 
of ammonium nitrate jiroduced when moist 
oxides of nitrogen and ammonia are brought 
together, W'hich, unlike that formed in the above 
process, does n<it readily condense, may bo 
brought into the solid form by passing the fume 
through concentrated sulphuric acid. Very 
little absorption of ajumonium nitrate by the 
liquid takes place, but the dried fume at once 
deposits solid ammonium nitrate on issuing 
from the acid. ♦ 

A novel method of concentrating nitric acid 
is described in the patents of Meister, Lucius, 
and Pruning (Eng. Pats. 15948, 1911, and 4345, 
1915). Acid of 60-(}2 p.c. is enriched with 
nitrogen peroxide, NOg, which readily dissolves- 
in it, and the liquid is subjected in a finely 
divided condition to the action of oxygen : | 
2N024-H20+0-2HN03., The . unchanged | 
nitrogen peroxide is expelled by the cuiTont of 
oxygen, and the resulting concentrated ^acid is 
practically free from nitrous acid.* in another 
process, aqueous nitric acid is agitated with 
excess o^ Liquid nitrogen peroxide. 3 Vo liters 
are rapidly formed, e%ch consisting of nitric 
acid holding nitrogen peroxide in solution. Che 
upper layer consists of liquid nitrogen peroxide 
containing very concentrated nitric acid (98- 
99 p.c.) in solution, whilst the lo^er layer is a 
solution of nitrogen peroxide in weaker (76 p.c.) 
nitric acid. The upper layer ipay be separated 
and the nitrogen peroxide removed by dis- 
tillation, when very concentrated nitric acid 
remains. The NOj removed is used again. These 
processes have been# verified by J. R. Parting- 
ton, who finds in addition thaif, if nitrogen 
peroxide and oxygen are passed through water 
for a BuflScient length of time, the same two 
layers are f^irmed. The importance of • these 
reactions in coses where gases fairly rich in 


nitrogen peroxide, p.g. theie from the oxidation ■ 
of ammonia, are available, is evident. 

Tho Hausser Process. Numerous processes, 
in wfiich the union of oxygen and nitrogen of 
air is to be induced by tho rise of temperature 
caused by the c-fmbustion of luels, have been 
proposed (f/. Haber and Koenig, Zeitsch. Elektro- 
chem. loR), 16, 18 ; Norton, The Utilisation of 
Atmo.sphcric Nitrogen). Although, aS has been 
stated, no nitric acid is formed by the explosion 
of hydrogen and air, some is produced in the 
hotter flame obtai»ed by enriching the air with 
oxygen. Acid is also formed by burning (;arbon 
monoxide in air-unddt pressure. Tho aiuounts 
f^5rmcd arc small, and arc mixed with large 
volumes of the products of combustion, so that 
a prion very little hope of successful methods 
I appears in this quarter. Attention may, how- 
ever, be (hrccied to the process devised by 
I Hausser (Glicm. Trade J. 1914, 55, 40, 09), which 
seems j)romisiiig. ?n this a mixture of air and 
a combustible gas, such as coal ^as or coke-oven 
gas, i.s exploded in a gas-engine cylinder or bomb 
under pressure. 3’he resulting gas contains 
only 0'3-()’0 p.c. iiitnc oxide by volume, so that 
an extensive absorption system would be 
necessary. Trials of the ])roecss vere made on 
a small scale at Nuremberg and at Heeringcn 
(Westphalia), which pointed to a yield of 
136 grnis. HNO., per cfli. m. of fuel gas of 
ealonlie, value 483 B.Th.U. per cu. foot, operating 
with an initial compression of 3 '2 atm., with 
a pre-hcat of 240®. It is claimed that an oil- 
spray, such as is used in Diesel engines, may 
also be applied. It is not djfiicult to see from 
the law of mass action that the best refeult 
should be obtained Avith an optimum proportion 
of air and fuel gas, the precise mixture depend- 
ing on the composition ot the fuel gas. Enrich- 
ing the mixture with oxygen should also iocrea<» 
the yield. In any cane, the proportion of nitric 
oxide in tho exploded gas cannot exceed 1 p.c. 
by volume. A very careful discussion of the 
Hausser process will bo found in the Nitrogen 
Prodiifts Committee’s Report, 277-286 ; see 
also H. Noh (D. R. P. 306461, 1916); H. 
Woll (T). R. P. 316677, 1919); J. Gdrhnger, 
.(I). R. P. 316263, 19l!)); Hausser (Stahl und 
Eisen, 1921, 41. 956, 999; J. Soc. Chem. Ind. 
1922, 41, 263 R). J. R. P. 

2 - NITROBENZENE - 1 : ^ - DISULPHONIC 
ACID IS obtained as the sodium salt by acting 
on a boiling aqueous solution of sodium 4-chloro- 
[ 3-nitrobenzene sulphonate with sodium sulphite. 

NITROBENZENES v. Benzene and its 

IIOMOLOGUES. 

I 7«-N1TR0BENZENESULPH0NIC ACro is 

prepared by the action of fuming sulpSuric acid 
upon nitrobenzene (Schmidt. Amialen, 120, 163), 
or by tho action of chlorosulphomc acid nitro- 
benzene dissolved yi carbon disulphide. Deli- 
quescent plates. 

NITROGLYCERIN v. Explosives. 
NITROHYDROCHLORIC ACID v. Aqua 

BEGIA. 

NITROMAGNESITE. A mineral consisting 
of hydrated magnesium nitrate 

Mg(N03)2+wH20 

probably identical with the artificial monoclinio 
8alt,Mg(N03)2,6H20. It occurs as an efflor- 
escence in liuiAstone caves in association with 
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nitrooalcite, and has bi ;en recorded with epsomite 
on marl in the Jura. ^ L. 8. J. 

NITROMAGNITE or DYNAMAGNITE v. 

Explosives. I 

NITROMETER Analysis. 

NITRON-1.4-T)iphenyl-3.5-rnolaniIodihydro- 
triazole 

- CHfN(CeE,)-N;C 
\N(C„H,) ^ - 

This compound, discovered by Busch (Ber. 

1906, 38, 850), forms a nitrai^'e almost insoluble 
in water and is well suiled for the detection and 
estimation of nitric acid. 'I’he reagcmt can Lc 
prepared in the following way : Twenty grams 
of thiocarbamlide are heated with ()-5 litre of 
dry benzene under a rellux condenser, and dry 
mercuric or lead oxide is added in small portions, 
so long as a black prccifiitate is formed. 'J’he 
metallic sulphide is filtered tff, the hot solution 
treated with the calculated quantity (10 grins.) 
of phcnylhydrazine and concentrated to 50 c.c. 

On cooling, if necessary wath addition of some 
petroleum spirit, the liquid solidifies to a crystal- 
line mass of tri]ihcnylamino*guanidine. This is 
drained, washed with ether, dried, and heati'd 
for two hours in a sealed tube at 175” with 
twice its weight of 90 ji.c. formic acid. The 
product IS treated witli 10 times its volume of 
water, filtered and the base ])reci])itat(Kl by 
ammonia and extracted with chloroform. The 
chloroform solution is dried with potassium 
carbonate, concentrated to one-fourth, and, 
after addition of a few drops of light petroleum, 
allowed to crystallise. 

Detection of nitric acuf free and combined . — 

Five c.c. of the solution under examination are 
mixed with 1 drop of dilute sul[ihuric acid and 
5.-t> drops of a 10 p.c. solution of nitron in 5 p.c. 
acetic acid are added. If nitric acid be present, 
a voluminous white precijutate is jiroduced, or, 
if the quantity be very small, fine neeilies separate 
after some time. One part of nitric acid in 

60,000 can be detected at the ordmari, tern- of nitrating acid mixtures and waste acads. 
perature, and 1 in 80,000 at 0”. 8ome other ■ To 0’20 grm. of cellulose nitrate are added 5 c.c. 
acids also give precipitates, but these can in j of 30 p.c. sodium hydroxide solution and 10 c.c. 
most cases be easily rt^moved before making ^ of 3 p.c. hydrogen peroxide. The mixture is 
the test, namely, hydi’obromic acid by means i heated for some minutes on the water-bath 
of chlorine, hydriodic acid by oxidation with i unti't solution is complete ; 40 c.c. of water and 
iodate and separ&ftion of the iodine, and nitrous j 10 c.c. of hydrogen peroxide are then added, 
and chromic acids by treatment with hydrazine | and the liquid is hed‘ted to 60”. After adding 

onlrilinfo /I .annO\ /I . N/l r .- 1 - 1... • -.1 I 1 .L- 


presence of nitrite . — The substance is dissolved 
in a small quantity of water, and the solution 
allowed to drop gradually on to finely-powdered 
hydrazine sulphate contained in a beaker cooled 
externally with water. When the evolution 
of nitrogen, due to the decomposition of nitrite, 
has ceased, the solution is made up to 100 c.c. 
and treated with nitron as above described. 

Gutbior (Zeitsch. angew. Chem. 1906, 18, 407), 
who critically examined the method, and 
modified it slightly, finds that there is a loss of 
O'J-0'25 ji.c., due to the solubility of nitron' 
nitrate in water, otherwise it gives very good 
results, not only with potassium nitrate alone, 
but also with mixtures of the nitrate with 
potassium permanganate and bichromate, cal- 
cium and magnesium sulphates, potassium and 
sodium chlorides, alum and potassium bi- 
chromate, calcium carbonate and potassium 
bromide. If 'iodides be present, they must be 
destroyed by the cautious addition to the 
boiling solution of potassium iodate and acetic 
acid, till all the iodine is boiled off. 

For the determination of 7itiric acid in 
presence of ntlroii'^ acid, the latter is determined 
lii a portion of the solution by titration with 
permanganate. In another jiortion the nitrous 
acid is oxidised by hydrogen peroxide and the 
total nitric acid determined as nitron nitrate 
(Busch, Ber. 1906, 39, 1401). 

According to ].,itzendoiff (Zeitsch. angew. 
Ghein. 1907, 20, 2209) the nitron method lends 
itself very well to the determination of nitric 
acid in soils -which contain at least 2-3 mgs. 
of nitrogen (as nitrate) jicr 100 gims. Jn the 
case of poorer soils, or of extracts sterilised by 
heat, the evaporated extracts tend to contain 
some substance which inhibits the crystallisa- 
tion ot nitron nitrate. This substance may bo 
de.stroyed by the use of hydrogen peroxide. 

Busch and 8chneider (Zeitsch. ges. 8chic8a- 
und .Sprengstoffwesen, 1, 232) have applied the 
method to the determination of the nitric acid 
radicle in cellulose nitrates and to the analysis 


sulphate. Chloric (1 : 4000), perchloric (1 ; 
50,000), thiocyanic (1:51,000), ferrocyanic, 
ferricyanic, and picric acids also interfere. 

Determination of nitric acid . — The substance 
(containing about OT gram of nitric acid) is 
dissolvedr in 80-100 c.c. of water, 10 drops of 
dilute sulphuric acid are added, the liquid is 
heated nearly to boiling and treated with 
10 12 ^. 0 . of the solution of m^ron in acetic acid. 
The mixture is allowed to ^tand lJ-2 hours in 
ice-water, the precipitate collected, washed with 
the filtrate and then with 10-12 c.c. of ice-water 
in small portions. The precipitate is dried at 
110° and weighed, the weight multiplied by | 
0‘ 1 69 gives the amount of nitric acid. The nitron 
may be regenerated from the precipitate by 
shaking with ammonia and extracting with 
chloroform (^ee also Busch, Zeitsch. Nahr. 
Genussm. 1906, 9, 464). 

Detection and determination^^ of nitrate in 


40 c.c. of 5 p.c. sulphuric acid and heating to 
80”, IS c.c. .of a 10 p.c. solution of nitron in 
6 p.c. acetic acid are added. The mixture is 
cooled for 1-2 hours in ice-water ^nd the 
prc(*iipitate collected a^d washed, as above 
described, and weighed as C 2 oiri 8 M 4 ,HN 03 
and the percentage of nitrogen calculated, 
using 0-0373 as factor. 

Hes (Zeitssch. anal. Chem. 1909, 48, 81 ) finds 
that dextrin, gelatin, and probably other organic 
compounds hinder the crystallisation of the 
mtron nitrate, bVit the presence of aluminium 
sulphate, magnesium sulphate, ammonium 
sulphate, potassium phosphate, magnesium 
chloride, tartaric acid, citric acid, sucrose, and 
dextrose doe^ not affect £he accuracy of the 
method, provided the precipitate is sufficiently 
washed; oxalic acid causes high results. Chloric 
acid nredlpitates nitron quantitatively as the 
chlorate if the solution contains abfiut 0'26 p.c. 
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of chloric acid, and nitric and ohloidc acids may 
be determined in the presence of each other if 
the quantity of one be known. 

Franzen and Lohmann (J. pr. Chem. 
1909, 79, 330) find that nitric acid can be 
accurately determined by means of nitron in 
solutions containing large quantities of organic 
matter, provided 2-2*5 c.c. of concentrated 
sulphuric acid be added for each 200 c.c. of 
solution. This addition of sulphuric acid pre- 
events any co-preoipitation of nitron oxalate 
and also the formation of a colloidal solution of 
nitron nitrate. 

Paal and Ganghofer (Zeitsch. anal. Chem. 
1909, 48, 545) on repeating the work of Hes 
found that dextrin only delayed the separation 
of the mtron precipitate, ili hotirs instead of 4 
being needed for the jnirpose, otherwise it w'as 
without sensible mflueuee on the accuracy of 
the results. Peptone might be femoved by 
normal lead acetate, formaldehyde, or by 
tannin and lead acetate, with the addition of 
20-25 drops of sulphuric acid, when accurate 
results were obtained. iSmall quantities of 
gelatin, beyond retarding the formation of th^ 
precipitate, exercised no disturbing infiueiice ; 
larger quantities should be removeil by tannin I 
and lead acetate. Haltpetre in meat and meat 
extracts can bo conveniently determined by ! 
means of nitron. 

Cope and Parab (J. Amer. (diem. Soc. 1917, 
39, 504) find that the nitron method yields good 
results with mtromu unite and niirosiarch. 
With nitrnyb/cenn satisfactory analyses may be ^ 
made as follows : The mtrogiycenn is weighed i 
out in a 100 c.c. comcal fiask to which an air 
condenser, 25 cm. long, is attached by means 
of a ground joint. About 5 c.c. of 30 ii.e. 
sodium hydroxide and 5 c.c. of 3 p.c. hydrogen 
peroxide arc added, and then about 15 dro])s 
of 30 p.c. hydrogen jferoxide. The mixture is 
heated on the water- bath for ten minutes, by 
which time the gas evolution has moderated 
considerably, and then 10-15 drops of 30 p.c. 
peroxide are again added. This operation is 
repeated over a period of two hours, and twice 
at half-hour intervals. The condenser is re- 
moved, 10-15 drops of 30 p.c. hydrogen peroxide 
are added, a splash head is attached to the flifsk 
by means of a rubber stopper, and the fiask 
heated for a few minutes over a^ree flame. 
The addition of hydrogen peroxide and the heat- 
ing are repeated twice and the solution is finally 
boiled down to a volume of about 3*c^. •Water 
(40 c.c.) and 10 c.c. cf 3 p.c. hydrogen peroxide 
are added, the liquid heated to acidified 
with 40 c.c. of 5 p.c. suiphunc acid, and 12*c.c. 
of 10 p.c. nitron solution added. , 

Trinitrocresol and dinitrophenol can be 
directly precipitated with nitron, the addition 
compound of trinitrocresol with €iitron being 
the most insoluble Inown compound of trinitro- 
cresol, as nitron picrate is the mf>st insoluble 
known compound of picric mciA*( Analyst, 1917, 
216). 

Perchloric acid can be determined in the same 
way as nitric acid JMinuto quantities of oxides 
of nitrogen in air can bo determine by shaking 
several litres of the air with 10 c.c. each of 5 p.c. 
potassium hydroxide and 3 p.c. hydrogen per- 
oxide 8oluti(^8 and precipitating the nitri^ acid 
in the usual way, avoiding unnecessary dilution. 
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Solutions of nitron aranot very stable and 
are best prepared in sniill quantities as re- 
quired, by dissolving 1 gram of the reagent in 
10 c.|. of 5 p.c. acetic acid and filtering tmough 
an afundum crucible into a dark bottle. The 
reagent can be Recovered from filtrates by 
precipitating with a slight excess of ammonia, 
and fromiprocipitates by warming with dilute 
ammonia to 60°, filtering quickly and washing 
the mtron with cold water, then digesting with 
5 p.c. acetic acid to dissolve it and finally re- 
prccipitatmg wit^ ammoma and washing. 
i)ecompo8ition may bo avoided by conducting 
the filtering and washkig in an inert atmosphere 
aAd as much as plissible away from light (J. Soc. 
Chem. Ind. 1917, 473). 

NITRONES. Compounds comparable in 
structure w'lth the tautomeric forms of oximes 
and with kotene. The simple nitrones are 
j produced by the alkylation of oximes, or by the 
action of aldehydes«ori K-aubstituted hydroxyl- 
amines. Often formulated as, cyclic ethers. 
The ‘ keto ’-mtrones are obtained by the action 
of aliphatic diazo- compounds on nitroso- com- 
pounds. 

NITROPHENINE YELLOW r. Primulinb 
AND ITS Derivatives. 

NITROPHENOLS AND THEIR HOMO- 
LOGUES. Phenol may be nitrated very readily, 
and to produce the moivi-nitro derivatives it 
13 sutlicient to treat it with dilute mtric acid m 
the cold. The ortho- and pam-nitrophenols, 
together with some tarry matter, are thus formed. 
The ortho- compound is sejiaratod by steam 
distillation, whilst the non-volatile para- com- 
])ouud IS purified by ri'peated crystallisations 
from xylene (Hofmann, Annalen, 1857, 103, 
347 ; Fritsche, ibid. 1859. 110, 150; ISchall, 
Ber. 1883, 16, 1901 ; Heuinann, ibid. 1885, 18, 
3320). . ^ 

If the nitric acid la vigorously stirred, during 
and for about half an hour after the addition to 
it of the phenol, an 18 p.c, yield of p-nitrophenol 
18 obtained without any formation of tar. The 
best yitld is obtained at 25°. Below 4° nitration 
cannot be effected (Hart, J. Amor. Chem. Boc. 
1910, 32, 1105; v. Pictet, J. Boc. Chem. Ind, 
^1911, 683), * 

Phenol may be first condensed with an 
aromatic sulphoiuc chloride in presence of an 
alkali, the ester so formed, onmntration, yieldB| 
without formation of tarry products, a dinitro- 
derivative, which on hydiolysis with an jiqueous 
solution of a caustic alkali, yields the alkali 
salt of p-nitrophenol, together with that of 
o-mtrotoluenc-p -sulphoiuc acid (Eng. Pat. 24193, 
1895; J. Boc. Chem. Ind. 1897). Nitration of 
phenyl phosphate (POCOCgHg)^ giv#s tri-p- 
nitrophenol which by hydrolysis yields pure p- 
nitrophenol, o-Nitro-jihenol, almost free from 
the p-isomeride, n^ay he obtained by concerting 
phenol into the ji-s^lphonate, then nitrating it 
with sodium nitrate and sulphuric acid; on 
hydrolysis the HSO 3 group is removed (Paul, 
ibid. 1897, 62); or by treating nitro-benzene 
with potash (Wohl, Ber. 1899, 32, 3486). 0 - and 
p-nitrophcnols may also be obtained by the 
action of alkali hydroxides on the corresponding 
chlormtrobenzenes. 

m-Nitrophenol is ncA formed by the direct 
nitration of phenol, but it may be prepared by 
boilirig diazot^ed ?n-mtraniline with water 



(508 


NITROPHENOLS AND THEIR HOMOLOGUE8. 


(Bantlin, ibid. 187^, 11, 2100; Henrique, 
Annalen, 1882, 216, a23). 

The polynitrophenols are obtained by 
nitrating phenol with concentrated nitric acid, 
usually in the presence of sulphuric acid ; by 
nitrating the lower nitro- cofsopourids or their 
sulphonates ; by treating the hydrocarbon 
with nitric acid in presence of li.ercury or 
mercury compounds, in which case the nitro 
and hydroxyl groups are introduced simul- 
taneously into the benzene nucleus (Eng. I*at. 
17621 ; D. R. P. 214045 ; .T. Soc. Chem. Ind. 
1907 1194; ibid. 1909, 1107; Chem. Zentr. 
1908, i. 1006) ; and by oMier methods (Wender, 
Gazz. chim. ital. 1889, 19, 222 ; Olivcri-Tortori'u, 
ibid. 1898, 28, 300 ; Rovcrdin and do la Harpc, 
Chem. Zeit. 1891, 10, 45 ; Prankland and 
Farmer. Chem. Soc. Trans. 1901, 1350 ; Robert- 
son, ibid. 1902, 1475 ; Lobry d^ Briiyn, Rec. 
trav. chim. 13, 153 ; Pmnow and Koch, Ber. 
1897, 30, 2857; Reverdin and Bijcky,-»5?W. 
1906, 39, 2679 * Matuschok, Chem. Zeit. 1905, 
29, 116 ; D. R. P. 91314 ; Frcll. iv. 40). 

The nitrophenols are colourless or yellow 
crystalline substances. They are more acidic 
than the phenols, and they decompose alkaline 
carbonates. The nitrophenols may be reduced 
very readily to the corresponding amines, some 
of which are themselves valuable dyes, or are 
readily condensed wPh suitable aromatic com- 
liounds to form dyestuffs. By partial reduction 
mtroamines may be obtained (Hofer and Jakob, 
Ber. 1908, 41, 3187). The use of nitrophenols 
as precipitants for alkaloids is discussed by 
Rosenthiiler and (Corner (Zcibsch. anal. Chem. 
1910, 49, 340). The constitution of the nitro- 
phenols has given rise to an important aeries 
of investigations by llantzsch and others 
(Ber. 1902, 36, 1001, 1005; ibid. 1906, 39, 
R)73; ibid. 1907, 40, 330, 1556; Zeitsch. 
physikal. Chem. 1908, 61, 227 ; also Rabc, 
ibid. 1901, 38, 175; Witt, Ber. 1876, 9, 522; 
Korozynski, ibid. 1909, 42, 167 ; Chem. Zentr. 
1910, ii. 384 ; 8charvvin, J. Russ. Phys. Chem. 
Soc. 1910, 42, 237 ; Seyewetz and Poizat, 
Compt. rend. 1909, 148, 1110; Baly, Edwards 
and Stewart, Chem. Soc. Trans. 1906, 514). 

Whilst themselves ccdourless, or only faintly, 
coloured, they give rise to two scries of highly- 
colourcd alkali salts — yellow and red, and on 
this account they were regarded ns jiseudo- 
acids. This view has been confirmed by the 
preparation of two series of ethers. The colour- 
less phenol ethers are obtained under ordinary- 
conditions of alkylation, and have the formula 
N02‘C,H4(4R. The isomeric red ethers arc much 
more difficult to prepare, owing, it is supposed, 
to their instability and to the ease with which 
they change into their colourless isoraerides. The 
red ethers are formed by the action of alkyl 
iodide’ on the silver salts of the nitrophenols. 
The materials must, howevA", be absolutely pure 
and dry, and the reaction commenced at 0° 
and then raised to ordinary temperature. The 
red ethers, which have not been, obtained quite 
pure, melt at least 20° below the colourless ethers ; 
they are much more soluble in all solvents, 
giving coloured solutions, and on standing alone, 
and more readily in solvents or in the presence 
of hydrochloric acid, Change into the colour- 
less isomeridcs. The smallest trace of water 
hydrolyses them, forming the fpee nitroptenol, 


and this explains why, when a silver salt of a 
nitrophenol is alkylated without special pre- 
cautions, free nitrophenol is often produced. 

To explain the formation of the coloured 
salts and ether, it is supposed that nitro- 
phenols and their derivatives, and also their 
homologues, may exist in two tautomeric 

OR 

modifications and Ci.H 4 <f | 

^NO'OR 

(where R=H, a metal, or an alkyl radicle), of 
which the first is colourless, the second coloured ; 
thus the constitution of the free colourless nitro- 
phenols corresponds to the first formula, whilst 
the coloured nitrophenols, being much paler 
than their salts, correspond partly to the first, 
partly to the '■second formula. The coloured 
ethers correspond to the second formula, whdst 
the metallic salts, forming two series of coloured 

yO 

salts, have the two formulee [ and 

KOa^N 

1 ♦ which the latter probably 

^N—O^K 

corresponds with the red salts, the former with 
the yellow salts. The orange salts sometimes 
obtained are probably solid solutions of the yellow 
and red salts (Hantzsch, Ber. 1907, 40, 330). 

o-Nitrophenol 0,H4(NO.j)On forms pale 
yellow needles or prisms, m.p. 44°, b.p. 214°, 
sp.gr. 1’447 (Schroder, Ber. 1879, 12, 603 ; 
Merz and Ris, ibid, 1886, 19, 1749), It has an 
aromatic smell, is sparingly soluble in cold water, 
more readily so in hot water, also in alcohol or 
ether. It behaves as a much stronger acid than 
thep- andm-isomerides. 

m-Nitrophenol forms thick yellow crystals, 
m.p. 96°, b.p. i94°/70 mm. (Bantlin, l.c .) ; 
m.p. 93°, sp.gr. 1’827 at 19° (Fels, Zeitsch. 
Krystalographie, 1900, 32, 374). It is non- 
volatile in steam, and it is readily oiddised by 
Caro’s reagent on warming, yielding 3- and 4- 
nitro-catechols, a part of it, however, being 
decomposed (Bamberger and Czerkis, J. pr. 
Chem. 1903, [ii.] 68, 480). 

p-Nitrophenol forms colourless needles, m.p. 
114°. It is non -volatile in steam, yields p* 
aifiinophenol when boded with zinc-du«t and 
wafer or when treated with hydrogen in presence 
of finely divided nickel, and when electrolysed 
in sulphuric acid forfias p-aminophenolsulphonic 
acid. It reacts with alkali sulphide in presence 
of a collier tLult, forming a green dyestuff (D.R.P. 
101577 ; Chem. Zentr. 1899, i. 1091). p-Nitro- 
phcnol has been proposed for use as an indicator 
insffiad of methyl orangc-^Spiegel, Zeitsch. angew. 
(’hpm. 1904, 17, 716 ; J. Soc. Chem. Ind. 1904, 
182 ; Goldberg and Naumann, ibid. 1903, 928). 
When heated with aqueous ammonia under 
pressure bot^. the o~ and the p-isomerides yield 
the corresponding nitranilin8>(Merz and Ris, l.c.). 
By mixing any of the mononitrophenols with 
quinine in presence water, compounds are said 
to be obtained which are almost insoluble in 
water or dilute acid, and which may be used as 
internal antiseptics (U.S. Pat. 1006137, 1911 ; 
J. Soc. Chem Ind. 1911, 1333). 

The nitrophenols may be sulphonated by 
treating them with fuming sulphuric acid, or In 
the case of the orlho- compound by chlorosul- 
phonio acid. Mercury accelerates The reaction 



NTTROPHENOLS AND THEIR HOMOLOGUES. 609 


(Post, Annalen, 1880, 205, 38 ; Nietzki and Lorch, 
Ber. 1889, 21, 3221 ; Gnehm and Knecht, J. pr. 
Chem. 1906, '[ii.] 73, 519 ; ibid. 74, 92). 

The sulphonic derivatives may also bo 
formed by nitrating the required phenolsul- 
phonic acid (Post and Stuekenberger, Annalen, 
1880, 205, 45 ; Post, Ber. 1874, 7, 1233 ; D. R. P. 
27271 ; Erdl. i. 324; J. Soc. Chem. Ind. 1885, 
203 ; ^ee also D. R. P. 114529 ; Chem. Zentr. 
1900, ii. 1000). 

Like phenol itself, the mono- as well as the 
polyuitro- compounds form a number of 
metallic salts, ethers, and other compounds.- 

2 : 3-Dinitrophenol (Bantlin, Lc.) has m.p. 
144°. 

2 : 4-Dinitrophenol forms rhombic prisms, 
m.p. 114°-115" (Gauhe, Annalen, •1868, 147, (i7 ; 
Pinnow, l.c. ; Marqueyrol and Loriette, Bull. Soe. 
chim. 1919, [iv.] 25, 373); Sidgwick and Aldous, 
Chem. Soe. Trans. 1921, 1001. Wi^med with 
sulphur and sodium sul])hide it gives a black dye 
for cotton (1). R. P. 98437 ; Cluun. Zenir. 1898, 
li. 9J2). Ostromisslensky has prepared another 
2 : 4-dinltrophenoI, m.p. 85T° (.1. Russ. Phys. 
C'hom. Soc. 1906, 38, 1351). The following, 
methods have ais(» been proposed for t.he 
preparation of 2 : 4-dinitrophenol. Vidal (Fr. 
Pat. 315691), 1902) dissolves 93 kilos, of phenol 
in 192 kilos, suljihunc acid (66°Be.), and runs 
the solution into 162 kilos, of sodium nitiate 
dissolved in 1700 litres w^ater. 'JTi(‘ mixture is 
allowed to remain for several houis and then 
slowly heated until effervescence ceases. The 
dinitro compound separates on cooling. 

Wolffenstem and Botors (1). R. lb 214045, 
1907) use the following method: 120 grams of 
benzene are mixed wdtli 20 grams of mercury, 
and the mixture then treated with 270 grams of 
nitrogen totroxide (either gaseous or liquefied) 
and allowed to stand for some days at ordinary 
temperature, when it sdhcbfics to almost pure 
2 : 4-dinitrophcnol. 

The usual method of preparation, however, 
is to decompose chlordinitrobenzene with hot 
aqueous sodium car bonate or hydroxide solution, 
precipitating the dinitropheiiol by acidification 
after the reaction is completed. 

2 : 6-Dinitrophenol, yellow needles, m.i). 
lOS'^i^volatile in steam (Reverdin and Bueky* 
l.c.) ; m.p. 104° (Bantlin). . 

2 : 6-Dinitrophenol, light yellow, fiim needles, 
♦ m.p. 63°-64° (Hiibrier, Babcock and Scliaumann, 
Ber. 1879, 12, 1346); 62-2° (Sidgwiek and Aldous, 

l. C.). • , • 

3 : 4-Dinitrophonol, long silky colourless 
needles, m.p. 134° (Bantlin, Ic.). 

3 : 6-Diiiitrophenol, ni.p. 122° (Lobry ?lc 
Bruyn, ;.c. ; Heller, Ber. 1909, 42, 2191); 124° 
HoUeman; 126T°, Sidgwiok and Taylor (Chem. 
Soo. Trans. 1922, 1853), who have determined 
its solubdity in water and in beiizsiie and its 
volatility in steam. • 

2:4: 6-Trlnitrophenol, v. Prussic acid. 

2:4: 5-08-)Trinitrophenol,^di^emng needles, 

m. p. 96° (Henrique, l.c.). 

2:3: 6-(y-)Trinitrophenol, small needles, m.p. 
117°-118° (Henrique, l.^.). 

2:3: 5-TrInitrophenol is obtained by boiling 
djiazotised trinitroaminophenol with absolute 
alcdiol until nitrogen ceases to bo evolved. It 
forms yellow needles, m.p. 119°-120°, |nd 
becomes ochretius and opaque when dried at 

VoL. IV.— T. 


100°. It dyes silk and w.o<i with a more orange 
shade than picric acid (MeWola and Hay, Chem. 
Soo. Trans. 1909, 1382). 

2 :\3 : 4 ; 6-TetranitrophenoI, golden-yellow 
needles, m.p. 130°, sometimes with explosion 
(Nietzki and Bludlenthal, Ber. A 897, 30, 184) ; 
m.p. 140° (Blanksraa, Rec. trav. chim. 1902, 21, 
254). It lilies wool and silk an intense red- 
yellow colour. When boiled wuth watef it forms 
tnnitroresorcinol. 

2:3:5: 6-Tetranitrophenol is known in the 
form of its ethyl oAher, m.p. 115° (Blanksma, 
tbid. 1905, 24, 40). 

Pentanitropheiy)! C^(NO;,) 5 ()H, m.p. 190°, 
wlJbn boiled with water is transformed into tri- 
nitrophloroglucin (Blanksma, ibid. 1902, 21, 264). 

TJie })olynitrophenols, when treated with 
]iotassium cyanide, yield the corresponding 
purpuric acids (Borsehe and Booker, Ber. 1903, 
36, 4357 ; ibid. 1904, 37, 1843, 4388). 

Nitramiaojihenols* may be obtained -by 
nitrating acetaminophenols, or,* better, acet- 
ammo])hcnol acetate or similar compounds, then 
eliminating the acetyl group by hydrolysis 
, (Reverdin and Droscl, thid. 1904, 37, 4452), and 
al.so by other methods. 

4- Nltro-2-amlnophenol is obtained by the 
action of ammonium sulphide on 2 : 4-dinitro- 
|)henol. (Jrystallises with 1 mol. H 2 O, m.p. 
HO°-90°, the anhydrous saR has m.]). 142°-143° 
(Post and Siuekoiiberg, Lc. ; Kchrmanri and 
Gauhe, Ber. 1897, 30, 2132). 

5- Nitro-2-amlnophenol may be prepared by 
nitrating the etheiiyl derivative of o ammophenol 
in the cold with a mixture of equal parts of 
nitric (40°B^.) and sulphuric (monohydrato) 
acids ; the product is then decomposed with 
eoncentrated hydrochloric acid. It forms yellow 
needles, m.}>. 201°'-202°. It yields fast bluish- 
and greenish-black azo dyes for wool (Eng. Pats.^ 
7910,' 7910a, 1906; D. R. P. 165650; J. Soo. 
Chem. Ind. J‘M)5, 1298). 

6- Ilitro-2-aininophenol forms red needles, 
m.p. 110°-111° (Post and Stuckenberg, l.c.). 

For t, number of other monomtro-amino- 
and acetaminophenols, see Hahle, J. j>r. Chem. 
1891, [ii.] 43, 62; Kehrmann and Gauhe, Ber. 
1,^98, 31, 2403; Meldola*and Stephens, Chem. 
Soc. Trans. 1906, 923 ; ^ee also J. Soc. Chem. 
Ind. 1905, 796). 

When ^-aminophenol is dissolved in a small ♦ 
quantity of glacial acetic acid, and acetic anhy- 
dride IS added, the amino group is aoet^lated. 
IV) the solution at 0°, twice the calculated quan- 
tity of nitric acid (sp.gr. 1‘6), diluted with twice 
the volume of acetic acid, is added in small 
])ortion8 at a time. The product is then poured 
into water and neutralised with ammonitP, 2 : 6- 
ditiitroA~aC(’tam%7iophtnol is thus formed. It 
forms dense ochreous needles, m.p. 182° (Mejdola 
and Hay, Chem. So*. ;rran8. 1906, 1203). 

When converted into its sodium derivative 
and reduced with aqueous sodium sulphide, it 
yields 2-nitro-i3-a7rii7bo-i-aceta7ni7Wphenol 
NHAcC.H2(N02)(NH2)0H 

brownish-red needles, m.p. 190°, which forms an 
orange-yellow diazo derivative when treated 
with nitrous acid (Cassella & Co. D. R. P, 
172978, 1906). ® 

4 : §-DinItro-2-aminophenol {Picramic acid) 
may be prepar^ by adding zinc -dust and 
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ammonia solution trf a warm aqueous or methyl 
alcoholic solution of \)icrio acid imtil the solution 
is distinctly alkaUne. The mixtiu'e is boiled 
for an hour with occasional addition of am^^onia, 
after which it is filtered, the excess of ammonia 
evaporated ory the watcr-luth, and a slight 
excess of acetic acid is added. It is then 
evaporated to dryness, and the residue is 
recrystaKised from boiling water. Or finely 
powdered picric acid (20 grams) is dissolved in 
300 o.c. alcohol and 125 c.c. of ammonia (0-880) 
are added. After cooling to 30® hydrogen 
sulphide is passed in rapidly, so that the tempera- 
ture rises to 50°-55® in 1 5 minutes. The solution 
is cooled and the stream of nydrogen sulpKde 
continued for 45 minutes. Crystals of am- 
monium picramate are deposited ; these are 
collected and decomposed by 60 c.c. acetic acid 
(1 part glacial aqid to 4 parts water), and the 
picramic acid recrystallised from boilmg water 
(Egerer, J. Biol. Chem. 1918, 35, 565). 9’he acid 
forms fine red crystals, ra.p. 165®, which burn, 
but do not detonate on sudden heating. It 
does not precipitate albumin, albumoscs, 
peptone, or alkaloids. 1 t.s alkali salts yield deep 
red solutions, which are turned yellowish-green 
by acids, and may, therefore, be used as indi- 
cators in alkalimetry (Fr6bault and Aloy, J. 

• Pharm. Chim. 1904, 20, 245 ; Bull. Soc. chira. 

1905, [iii.] 33, 495 ^ Borcha and Ilcyde, Ber. 

1906, 38, 3938). 

Acetic anhydride reacts with sodium picra- 
mate at 60®, and the resulting product, when 
reduced at 80® by sodium sulphide, and then 
treated with acid, yields 

4 - Nitro - 2 - amino-6-acetaminophenoI, which 
. is hydrolysed by acids to 4-?it/ro-2 : ij -diamino- 
phenol, the diazoiiium compound of the latter 
yielding azo dyes (Cassella, D. K. P. 161.341 ; 
ol). R. PP. 112819, 113241, 111327, 112280, 
110711 ; Chem. Zentr. 1900, ii. 463, 609, 612, 
647, 698). 

2 ; 6-Dinitro-4-aminophenol {isopicramk acid) 
forms thin yellow needles, ra.p. 170® (decora p.). 
The corresponding aoetamino derivative, treated 
with alkali sulphides, forms a comi>ound which 
readily yields azo dyestuffs for wool, very fast 
to washing, milling, ‘uiid light (Keverdin and 
Drcsel, Ber. 1906, 38, 1693 ; Eng. Pat. 24409, 
1903 ; J. Soc. Chem. Ind. 1904, 1025). 
a For other dinitroaminophenols, me Reverdin 
and Dresel, Z.c. ; Reverdin, Ber. 1907, 40, 
2848 }- ibid. 1909, 42, 1623 ; Reverdin and 
Del6tra, ibid. 1906, 39, 125 ; Meldola and Hay, 
Chem. Soc. Trans. 1907, 1481. 

2:3: 5-Trinitro-4-acetaminophenol 

CaH2(0H)(N02)3NH-C0CH3 

is obtained by nitrating diacetyl-p-aminophenol 
with cold fuming nitric acid, the mononitro- 
diacetyl derivative thus obtained is then further 
nitrated by dissolving it m a mixture of fuming 
nitric and strong sulphuric acid, when the above 
trinitro compound is formed. It crystallises 
in yellow needles, m.p. 178®-179® (decomp.), and 
owing to the great mobility of the meta- NOg 
group it forms a remarkably active synthetic 
agent, (Meldola, Chem. Soc. Trans. 1906, 1936). 

The acetyl group may be removed by dis- 
solving it in concenti^toa sulphuric acid at the 
ordinary temperature, then placing tlje con- 
taining vessel in boiling water |or a few minutes 


until a drop of the liquid, mixed with cold water, 
gives a red precipitate — if the latter is brown the 
reaction has gone too far and decomposition has 
sot in. The liquid is cooled and poured, on to 
ice. The trinitroaminophenol forms deep red 
needles decomposing at about 146®. It may be 
diazotised in the cold with sulphuric acid and 
sodium nitrite (Meldola and Hay, ibid. 1909, 
1378 ; Meldola and Kuntzen, ibid. 1033 ; ibid. 
1910, 444 ; ibid. Proc. 340). 

2:4: 6 -Trinitro -3 -amlnophenol, m.p. 175°, 
may be obtained by the action of ammonia oh 

3- chloro-2 : 4 ; 6-trinitrophenol (Blanksma, Ber, 
1914, 47, 687). 

Nitbocresols. 

The cresols are directly nitrated with 
tliflficulty, a small yield of the mononitro 
products being obtained (Staedel, Annalen, 
1883, 217, 49 ; Khotinsky and Jacopson- 
Jacopmaiin, Bor. 1909, 32, 3097 ; cf. Hollemann 
and Hoeflake, Rcc. Trav. chim. 1917, 
36, 271 ; Marqueyrol and Loriette, Bull. 
Soe. chim. 1919, fiv.] 25, 370). The alkali 
salts of their sulphomc acid derivatives may be 
converted into their mononitro derivatives 
much more reachly ; the HSO3 group in the 
latter cannot, however, bo eliminated, but by 
redu(!tion they may be converted into the 
corresponding amino compounds .which may 
bo readily decomposed into aminocrosols and 
sulphuric acid (Schultze, Ber. 1887, 20, 410). 

3- Nitro-o-cresol 

CVl3Me(OH)N02,(Mo : OH : ; 2 : 3) 

is obtamed together with the 6-nitro derivative 
by dro])ping a glacial acetic acid solution of 
o-cresol into a cold mixture of 3 parts of nitric 
acid (sp.gr. 1‘4) and 6 of acetic acid (Hirsch, 
ibid. 1885, 18, 1512; Noelting and Wild, ibid. 
1339). It forms long yellow prisms, m.p. 69 '6°, 
volatile in steam. 

4- Nitro-o-cresol (Me : OH : N02=l : 2 : 4) is 
best prepared by diazotising 4-nitro-2-tolui(iine 
in 10 p.c. sulphuric acid at 0®, and then dropping 
the product into boiling dilute sulphuric acid 
(Ullmann and Fitzenham, ibid. 1905, 38, 379||) ; 
it forms large yellow crystals, m.p. 118°. 

• 5-Nitro-o-cresol, prepared by treaty 6- 
nitro-2-toluidine with sodium nitrite arra sul- 
phuric ac^’d, or with concentrated caustic soda, 
forms fine, white, silky noodles which, when* 
dried at 100®, have m.p. 94-6-95° (Neville and 
Wim^her. ^bid.. 1882, 16, 2978). It is also pro- 
duced by the action of methyl ethyl ketone 
on nitromaionic aldehyde in alkalipe solution 
(liill, Amer. Chem. J.,,1902, 24, 4). 

,, 6-Nitro-o-cresol, m.p. 142®-143®, having an 
intensely sweet smell, is formed from the corre- 
sponding nitrotoluidine by treating it, with 
sodium nitrite and sulphuric acid (Ullmann, 
ibid. 1884, 17, 1961). 

2-Nitro-w-cresol (CHg : OH ; NOj^l : 3 : 2) 
is obtained, together with the 4- and 6-nitro 
derivatives, by nitrating m-cresol. It is volatile 
in steam and soluble in water, but has not been 
obtained pure. Its metl^l ether forms colourless 
crystals, m, p. 88°--89° (luiotinsky and Jaoopson- 
Jacopmann, l.c.). 

4-NItro-m-cresoI, yellow crystals, m.p. ^6°, 
is formed as above. The best yield of the 

4 - mtro derivative is obtained by nitrating at 
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—8® to —6® {I.C.). It is volatile in steam, but 
insoluble in water, and can thus be separated 
from the 2-nitro derivative. 

5- NItro-m-cresoI, m.p. 60°--C2°; 00°-9r 

when anhydrous, is obtained by treating 6- 
nitro-m-toluidine with nitric acid (Neville and 
Winther, l.c.), 

6- Nitro-M-cresol, m.p. 129°, is obtained as 
above. It is volatile in steam, and can thus be 
separated from the 2- and 4-nitro derivatives. 

^ 2-Nitro-i?-cresol (CHg : OH : NO^-l : 4 : 2) 
may be obtained by boiling diazotised 2-nitro-^- 
toj^idine (Neville and Winther, Lc.), but it is 
best prepared by nitrating p-tolyl carbonate 
00(007117)2 (m.p. 117°); the 2-nitro -p-tolyl 
carbonate 00(007H8N02)2 thus obtained forms 
ellow needles, m.p. 143°- 144°, •which, when 
ydrolysed with boiling aqueous caustic soda, or 
sodium carbonate, yields the 2-nitro-p-crcBol, 
yellow prisms, m.p. 77° ( 0. 11. P. ; J. 

Soc. Ohem. Ind. 1909, 328). 

With fuming sulphuric acid 2-nitro-p-cresol 
yields acetyl acrylic acid (Schultz and Low, Ber. 
1909, 42, 577). 

3-Nitro-p-cresol, formed by treating 3-nitro- 
2>-toluidine with nitric acid or concentrated 
caustic soda, forms yellow needles, m.p. 33 ’5°, 
b.p. 125°/22 mm., 114*5°/7’5 mm., sp.gr. 1‘2399 
at 38‘6°/4° (Noelting and Wild, l.c. ; Braschand 
Preyss, Ber. 1891, 24, 1900). 

3 : 6-Dinitro-o-cresol 

(OH3 : OH ; NO2 : N02=l : 2 : 3 : 5) 

forms long yellow crystals, m.p. 8()°-87° 
(Oazeneuve, Bull. Soc. chim. 1900, [lii.] 17, 
201 ; Noelting and Salis, Ann. Chira. 1885, 
[vi.] 4, 105). Heated with ammonia at 180° 
it yields dinitrotoluidine (Barr. Ber. 1888, 21, 
1643). It acts as a violent poison (Weyl, ibid. 
1887, 20, 2835). 

2 : C-Dlnitro-p-cresol, V'bow needles, decom- 
p )ses when heated, forming a violet sublimate 
(Knecht, Annalen, 1882, 215, 87) 

3 : 5-Dinitro-p-cresol, m.p. 86°, is obtained 
by nitrating p-cresul in acotic acid solution with 
strong nitric acid (Frische, ibid. 1884, 224, 138 ; 
Staiem, l.c. ; Chamberlain, Amor. Chem. d. 

"1897, 19, 633), and by a variety of other methods. 

2i|| : 6-Trinitro-m-cresol, formed when in- 
cresorTls nitrated, long, yellow ncedle.s, m.p, 
109'6® (Murmaiin, Chera. Zentr. 1904^ ii. 430 ; 
JS^oelting and Salis, Ber. 1881,*14, 987 ; and l.c.). 

Tetranitro-m-cresol CH3-C(0H)(N02)4, m.p. 
176°, is converted into trimtroorcinol bu boiling 
water (Blanksma, Pro(\ K. Akad. Wctensch, 
Amsterdam, 1906, 9, 278). 

The relative sensitiven^jss to the shock of w 
falling weight of various metallic salts of trjr 
nitrQphenol and oresol is discussed by East 
(Zeitsch. ges. chioss. and Sprengstollw. 1911, 
6, 7, 31, 67). • 

Dinitrocresol (VicWiria yellow) is sometimes 
used for colouring food. It may be detected by 
digesting the finely-powderecksaAple of maca- 
roni or other food with alcohol, filtering, evapora- 
ting to a small bulk and, tasting — ^if it is bitter, 
picric acid is probably gresent. Then warm the 
solution for a few minutes with a little pure 
hydrocioric acid, cool and drop a fragment of 
zmolnto the basin. After standing in the cold 
for 4-2 hours the solution will become brijjht 
blood-red if cunitrooresol is present, and a 
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beautiful blue in the p^jesinoe of picric acid 
(Fleck, J. Soc. Chem. Ind. 1*87, 50). 

like the nitrophenols, the nitrooresols also 
form i^etallic, amino, and a variety of other 
derivatives. 

2-£thylpbenol o^phlorol formsone momniiro- 
derivative, a yellow oil, b.p. 212°-215°, and one 
dinitro- denvative (Behai and Chuaz, Bull. 
Soc. chim. 1894, [iii.] 11, 309). * 

Nitroxylenols. 

3 : 6-DInitro-l : 2* 4-xylenol 

CeH(0H){N02).2(CH3)2((§lH3:CH3:0H:N02:N02) 

• =1:2:4:3:6 

forms yellow needles, m.p. 12G°-127° (Noelting 
and Pick, Ber. 1888, 21, 3158). 

5 Nitre 1 : 3 : 4-xylenol also forms yellow 
needles, m.]). 72° (Hodgkinscfti and Limpach, 
Chem. Soc. Trans. 3893, 105 ; Franckc, Annalen, 
1897, 296, 199). 

Symmetrical xylcnol has beefi nitrated by 
dissolving 6 grms. 111 60 c.c. of equal jiarts of 
ordinary, and of 20 p.c. fuming, sulphuric acid, 
•the solutnm is warmed for 15 minutes on the 
water- bath. After cooling 11*6 grms, of nitric 
acid of sji.gr. 1*415 are added, the whole, after 
standing, is warmed on the water-bath, and 
finally poured into 300 c.c, of water. The pre- 
cipitate is filtered, washed, and dissolved in 
boiling water, and the potassium salt of the 
symmetrical trinitroxylenol is precijiitated by 
adding potassium chloride in excess to the hot 
solution. It forms brown-yellow crystals, from 
which the free phenol may be liberated by boiling 
dilute hydrochloric acid. It forms colourless 
crystals, m.p. 104°, resembles picric acid in many 
respects, but is less soluble in water than picric 
acid and dyes wool in redder shades, whereas the 
corresponding trinitrocresol gives greenish- 
yellow colours. Unlike both these substances, it 
also gives no reaction with potassium cyanide 
(Knecht and Hibbert, Ber. 1904, 37, 3477 ; 
Blankam||, Kec. trav. chim. 20, 422). 

Carvacrol forms a ^-mononilro derivative 

CH3(C3H7)C,H2*N02(0H)(CH3*.C3H7:N02:0H 

• =1:4: 6: 2), 

yellow crystals, m.p. 77°-78° (Mazara and Plan- 
cher, Gazz. chim. ital. 1891, 21, ii, 166), m.p. 
87° (Kehrrnaim and Schon, Annwen, 1900, 310, 
109) ; and a 3 : 5-dinitrocarvacrol, yellow needles, 
m.p. 117° (Dahmer, ibid. 1904, 333, 346). • 

• Thymol yields an almost colourless 0-nitro- 
thymol 

CH3(C3H7)C«H2(0H)N02(CH3 : C3H7 : OH : NO2 
— 1 : 4^ 3 : 6) 

m.p. 140° (Kehrmann and Schon, l.c. 107) ; a 
2 : ii-diiiitrothymolj m.p. 66° (Oliver! and TTor- 
torici, Gazz. chim. ital. 1898, 28, i. 308). 

2:6: %-Trinitrothyhnl, yellow needles, m.p. 
110° (Maldotti, ibid. 1900, 30, ii. 366). 

Nitrocateohols. 

S-Nitrocatechol 

CeH3(0H)2N02(0H ; OH : N0.2=l ::2 ; 3) 
obtained by nitrating an^ ethereal solution of 
catechol with fuming nitric acid, forma long 
yellow yeedles, m.p. 86°, volatile in steam (Wea- 
selsky and Benedict, Monatsh. 1882, 3, 386). 
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NITROPHENOLS AND THEIR HOMOLOGUES. 


4-Nitrocatechol, Wallow needles, m.p. 174°, 
may bo prepared wy treating catocliol with 
potassium nitrite and dilute sulphiirie acid 
(Benedikt, Bor. 1878, Jl, 362), and other 
methods (D. R. P. 81298 ; Frdl. iv. 121 ; Dakin, 
Amer. Chem. » J. 1909, 42,® 490). It is non- 
volatile in steam. 

3 : 6-DinitrocatechoI, yellow neklles, m.p. 
104°, is^formed by nitrating catechol diacctate 
with fuming nitric acid (Nietzki and Moll, Ber. 
1893, 20, 2183). 

f 

Nitrohesokcinols. 

2-Nitroresorcinol " « 

C,H3(OD),NOo(OH : OH : HO.-l : 3 : 2) 
may be jire pared bj'^ adding 22 grins, of resorcinol 
to 150 c.c. of fuming sulphuric acid (sp.gr. 1*875), 
and warming o» the vater-bath; the 2:4- 
disulphonic acid thus toriiH'ii is then nitrated 
with a mixture of 12*0 gmis. nitric acid (sp.gr. 
1 *52), and 40 grms. ol the fuming snliihiiric aeid. 
After 12 hours the mixture is poured into water 
and distilled with steam (D. K- !*• 145190 of 
1904). It forms crystals, ni.p. 85°, and, when 
reduced with tin and hydrochloric acid, yu'lds 
the corresponding ammo derivative, whilst if 
reduced witli iron and acetic acid, it forms 
chiefly benzoylammoresoiciiiol 

C,Ha(OM),Nll(COC,H,) 
m.p. 187° (Kauttmami and Pay, Ber. 1900, 39, 
323). It yields a nitroso, halogen, metallic, and 
other derivatives (Kauflinann and kranek, tbid. 
2722 ; ihul. 1907, 40, 3999). 

2-NitroreHorcinol may be coupled with 
diazonium chloride and azo dyes have been ])re- 
pared from the resulting product (Kaulfmann 
and Pay, /.t'.). ... , ,, 

4- Nitroresorcmol, m.p. 115 , is formed like 
''the 2-nitro derivative (Fhilich, Monatsh. 1887, 

8, 42(> ; Hemmclmayr, ibid. 1905, 20, 185). 

5- Nitroresorcinol has m.p. 158° (Blanksma, 
Proc. K. Akad. Wetensch, Amsterdam, 1900, 9, 


278). K 

2 : 4-Dinitroresorcinol CeHolOHBlNu^)., may 
be obtained by treating the corresponding iii- 
troso compound with ^'old nitric acid (sp-gi'' 1 ’3) 
{Kostanecki and IVinstein, Ber. 1888, 21, 3122). 
It forms yellow needles, m.p. 147°-148 (Hem- 
melmayr, U.).^¥ot various derivatives and other 
methods of preparation, see Lii>pmann and 
Pleissner, Monatsh. 1887, 7, 98; Jackson and 
Kochi Amer. Chem. J. 1899, 21, 511 ; Jackson 
and Warren, ibid. 1891, 13, 179 ; tbid. 1904, 32, 


297 ; Hemmelmayr, he. 

4 : O-Dinitroresorcinol, m.p 214*5 , is formed 
by mixing resorcinol diacetate with 4-5 times j 
its volume of well-cooled, fuming nitric acid 
(Schiaparelli and Abelli, Ber. 1883, 10, 

>7hen 100 grms. of resorcinol is nitrated it 
yields a dinitro derivative;, ''which, when stirred 
with 1000 grms. of 20 p.e. ammonia solution at 
ordinary temperature, yields a browm solution 
which soon deposits green crystals. The aqueous 
solution of the latter, when suitably thickened, 
printed on fabrics and steamed, gives brown 
shades very fast to soap and light. It can also 
be applied in conjunction with various acid and 
basic dyestuffs wihh or without mordants 
(D. R. P. 207465 ; J. Soc. Chem. Ind. 1909, 301 ). 

Seven parts of mononitroresorcinol,f heated 
with 10 parts of aniline, and 1^0 of hydrochloric 


acid for about an hour On the water-bath, yields 
a compound which dyes iron-mordanted tissues 
a greyish-blue and alumina mordanted tissues a 
blue shade. 

Dinitroresorcinol (8 parts), similarly treated 
with 30 parts of resorcinol and 0 of hydrochloric 
acid, yields a dyestuff which dyes tissues mor- 
danted with iron oxide, alumina or chromic 
oxide, yellowish -browui shades. 

Mono- and dinitroresorcinol, heated alone 
with hydrochloric amd, also yield dyestuff^, 
which, however, are delicient in dyeing power 
(Poirrierand Ehrmann, Bull. Boc. Ind. Mulhoufie, 
1906,76,69). 

2:4: 6-Trinitroresorcinol {SfypJmic acid) 
may bo obtained by the prolonged- action of 
nitnc acid oil various gums or rosins ; or on 
wood extracts (Bottger and Will, Annalen, 1846, 
58, 2()9) ; by the action of fuming nitric acid on 
^//-nitrophcnol or on trinitrophenol (Bantlin, 
Ber. 1878, 11, 2101 ) ; by the action of a mixture 
of concentrated mtnc and sulphuric acids on 
resorcinol (Merz and Zittor, Bor. 1879, 12, 681, 
2037 ; cf. Guerewitsch, ibid. 1899. 32, 2425) ; by 
the oxidation of dinitroresorcinol (kitz, ibid. 
1875, 8, 631; Bendikt and lliibl, Monatsh. 
1881, 2, 326) and by other methods. 

Styphnic acid forms large yellow hexagonal 
crystals, m p. 175*5° ; is readily soluble in 
alcohol or in ether and m 88 parts of water at 
62°. It gives a number of metallic salts, ethers, 
and molecular (‘ompounds with various organic 
compounds (Gibson, (hem. Soc. Trans. 1908, 
2098 ; Ullmann and Bruck, Bei. 1908, 41, 3939). 
Alkylamme derivatives are described by Jerusa- 
lem' ((.Iicm. Boc. Trans. 1909, 1285). 

Tetranitroresorcinol has m.p. 152° (Blanksma, 
he.). 

Ui/droquinonc or quinol (1 : 4-(lihydroxy- 
benzene) yields a mononiiro deuvahve 
C,H3(0H),N0, 

m.p. 133°-334“ (l/lbs, J. pr. Chem. 1893, ii. 48, 
179), and a 3 : ht-di tiHroquinol, pale yellow leaflets, 
m.p. 135° (Shaw, Chem. Soc. Trans. 1911, 1609). 


Nitiio-oecinols. i- 

Mononitro-orcinol exists in two modific^ns : 

derivative^ orange-coloured crystals, m.p. 

<011_H , 

127°, N 02 <^ ^Me, is formed by the inter- 
. ‘UITH 

iction of an ethereal solution of orcinol and 
tin* molecular equivalent of fuming* nitric acid 
fsD.er. 1*515). Is volatile in steam. 

OH H 

Modification, m.p. 122°, -o Me, is 
o OHNOa 

formed like the a- derivative, but is non- 
volatile in stream. It forms brown crystals 
containing benzent; of crystalhsation, and yields 
green potassium and yellow silver salts (Henrich 
and Meyer, Bor. 1903, 36, 886). 

2 : 4-Dinitro-orolnol , CaH(CH)3(0H)2(N02)s 
forms deepyellow leaflets, m.p. 164*5° (Henrich, 
Monatsh. 1897, 18, 162); another dinitro- 
derivative known as B-dlnltro-orcinol, m.p. 109 - 
11(?°, has also been described (L^eds, Ber. 1881, 
14. 483). 
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Trinitro-orcinol CeCH3{0H)2(N02)3» formed 
by nitrating orcinol and also by other methods 
(Merz and Zeller, ibid. 1879, 12, 2038 ; Cazeneuve 
and Hugounenq, Bull. Soo. ohim. 1888, 60, 
643), long yellow needles, m.p. 162''-]63*6° is 
* feebly explosive above its melting-point. 

N ITR OP YROG ALLOLS. 

6-NitropyrogalIol 

C<,H2(0H),N0.,H.0(0II : OH : OH ; NOj 
• “ -^1:2:3: 5) 

is obtained by the action of nitric acid on 
pyrogallol in eth(3real solution at 0°. Forms 
brownish-yellow noodles, or prisms which lose 
water of crystallisation at 100', then molt at 
205° (Barth, Monatsh. 1882, 1, 8*^2). 

4-Nitropyrogallol, m.p. 162°, is formed by 
boiling nitropyrogallol carbonate with water 
(Kinhom, Coblinor, and Pfcilfor, Be#. 1904, 37, 
114). 

4 : O-Dinitropyrogallol, yt llow needles, m.p. 
208°, is formed by the action of a mixture of 
sul]ihuric and nitric acids on pyrogallol carbonate 
(Einhorn, (,\)bhncr, and Pleiliei, lx.). 

NlTROPIILOROGLTJCIMOLa. 


ji-NITROSODIMETHXL^NIUNE 

N0<^2^N(CH,), 


Prepared by adding an aqueous solution of 
sodium nitrite to strongly ooqled mixture of 
dimethyianiline and hydrocliloric acid whep the 
hydroehlorfrlo separates out as a yellow pre- 
cipitate. M.p. 177°. Known cominefeially as 
Nitroso base m. • 

1-NITROSO ^-NAPHTHOL Quinoneoximk 
Dyes. • 

p-NITROSOPHENOt OH^ ^NO. Oh- 

tallied by adding tfilutc siiljihunc acid to a plienol 
mixed with cold aqueous solutions of caustio 
soda anrl sodium nitrite. M.p. 1 26°. 

NITROSOPHENOL and NITROSOPHENOL 
COLOURING MATTERS v. ;>rt. Phenol and 


IDS TIOMOLOGUE.S. 

NITROSTARCH Fxplostve.s. 
NITROSUGAR r. ExPLosrvESt 
‘ NITROSULPHATE ’ OF IRON v. arts. 
Dyeing ; Iron. 

NITROSULPHURIC ACID v. vSlJLPHUR. 
NITROTOLUENES v. Benzene and its 
iroMOLoGUES ; Toluene. 


Phloroglucinol yields a mononitro derivative 

CeH2(0H)j(N02)(0H:0H:0H:N()2 ^ 

when nitrated with weak nitric acid. It forms 
reddish-yellow leaflets (Hlasiwetz, Annalen, 
1861, 119, 200). 

Trinitrophloroglucinol C'(OH).,(N(> 2 )$ 
formed by treating phloroglucinol tiiacidate or 
tri methyl phloroglucinol with fuming nitric aeid 
(NictzldandMol, Ber. 1893, 26, 2185 ; Blanksma, 
lx.). Yellow crystals ; loses water of crystallisa- 
tion at 100°, sublimes at 130", m.p. 167° (anhy- 
drous), explosive at higher temperatures. 

A large number of halogen nitro derivatives 
of the nitrophcnola and their homologues arc 
known ; for some recent literature, .sac Dahmer, 
l.c. ; I). R. PP. 160304, 234742 ; J. Soc. Chem. 
Ind. 1905, 88<! ; ihid. 1911, 884; Zincke and 
Klostermann, Ber. 1907, 40, 679 ; Heller, ibul. 
*• 1909, 41, 2191 ; and lx. ; Zincke and Breit- 
weisM, ibid. 191 1 , 44, 176 ; liobortson, Chem. 8o(^ 
Tra^. 1908,788; Itailford, Amer.Chein. J. 1910, 
44, 209; ibid. 1911, 46, 417 ; Frp. Roc. trav. 
chim. 1910, ii. 14, 187 ; Zinfke, Anmflen, 1911, 
381, 28. 

NITRO-w-PHENYLENEDIAMINE. 

__NH., 

Obtained by heating 4-nitroaiiiline-3-8ulphoiiic 
acid with ammonia in an autoclave at 170°-180° 
(Aktienges. fiir Anilinfab. D. R. P. 1 3U438). Also 
obtained by hydrolysing the nitrated diaeetyl 
compound of m-phefiylenediarnine (Barbaglia, 
Ber. 1874, 7, 1257). M.p.^lb^". Soluble in 
water, alcohol, or ether. * 

p-NITROPHENYLHYDRAZINE v. Hydra- 
zines. * 

NITROPHENYLHYDRAZONES t;. Hydra- 

p HITBOPHENYLKITHOSAMIHE v. Duzo- 

COMPOUNDS. 

NITROSO . COLOURING MATTERS • v. 

Quinonboxime Dyes. 


p NITROTOLUENESULPHONIC ACID 

Obtained by sulphonatirig ?)-nitrotolucne with 
turning sulphuric acid on the wator-bath and 
pouring the cooled mixture into water (Kastle, 
Amor. CIioiu. 3. 1910, 44, 484; Dorssen, Rcc. 
trav. chim. 1910, 29, 371). Palo yellow prisms 
from water, containing 2 H 2 (). Used in the 
manufacture of Stilhene dyes. 

NITROTOLUIDINES ^NOg 

m-Nilro-p-1oliddi'tie CH 3 <^ ^NHj 

May bo obtained by treating accto-;)-toluidido 
in sulphuric acid with a mixture of nitric and 
sulphurit acids and hydrolysing the product. 
M.p. 116°. 

p-Nilro-o-Uduidiuc.—OUMnad by mtrating 
o»toluidine. For details* of method employed 
on large scale, stc Jansen, Zcitsch. barb. lud. 
1913, 12, 181 ; quoted by Cain, Intermediate 
Products for Dyes, j). 96. * 

NITROXYLENES v. Xylene. 

NIZIN. Trade name for zinc sulphan^late. 

• NJAVE OIL V. Oils, Fixed, and Fats. 

NJIMO WOOD. This wood is obtained from 
the interior of the Cameroons, and contains a 
principle which is said to act like pepsin. The 
drug is found in commerce partly in billAa with 
; but little bark, partly as thick circular sections 
! of the root uniformly covered with bark. , The 
i wood of both stem ind root possesses a beautiful 
I yellow colour, that of the former being dashed 
' with red. it is easily reduced to powder with a 
' rasp, and odour like musk. It 

I contains numberless circular pores, which con- 
I tain yellow resin. The alcoholic extract of the 
I drug 'is yellow by transmitted light, but exhibits 
a green fluorescence resembling uranium glass. 

1 It appears to contain alkaloid. The resin 
I contains a. bitter substance with a faint aromatic 
i smell ^ugo Schulz, Pharm. Zeit, 31, 350; J. 
! Soo. Chem. Ind. 4 , ^1). 
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NONANE. 


NONANE CeHjI ,n-Nonane inay be pre- ' 
pared from heptaMehyde, obtained by the 
distillation of jcastor oil, by acting on it with 
magnesium ethyl bromide whereby it {b con- 
verted into ethyl-w-hexylcarbinol, from which 
y-iodononane f> and n-A^^-vhmjlene may be ■ 
obtained. n-A^-nonylem ' \b a coin qrless mobile 
liquid qf pleasant, petroleum -like odour, b.p. 
149'4°-149’9°, 1)^^ 0*754. On passing its vapour 
mixed with hydrogen over freshly reduced 
nickel at 160°, w-nonanc is formed. It is a 
mobile liquid of fragrant 'odour, b.p. ]60*4°- 
150'()°/759 mm. l)j'^ 0**72 10, 1 *4025 (Clarke 
and Adams, J. Amor. Chem. ^oc. 101 5, 117, 25M>). 

CV/c/o-NONANONE v . Azelaio acid. 
NONDECATOIC ACID CH^ICHJj-COOH is 
obtained from octadecyl cyanide (tSchweit/or, 
J. 1884, 1108);. m.p. 66-5°, b.p. 207°-200° 
(100 mm.). 

NONOIC ACIDS CgH.^Oo. 

1. n-Nonok acid or relargonic acid 
Cn3[CH.]7COOII 

is contained as an ether in the oil from Pelar- 
gonium roscum (I’lcss, Aiinalen, 60, 54), and may' 
bo obtained by the oxidation of oil of rue (from 
Jiuia graveolens [Linn.]) (Perrot, rhid. 105, 64), 
and of oleic acid (Redtenbacbor, ibid. 50, 52) 
Also formed by thei oxidation of stearolic acid 
(OiaHggOa) (Lirnpach, ibid. 100, 107) ; btuling 
normal octyl cyanide with potash (Zincke and 
Eranchimont, ifnd. 164, 338) ; by melting unde- 
cylonic acid with potash (KrafR., Bor, 1882, 
1691) ; and by heating the barium salt of aebaoic 


NORDHAUSEN ACID, fuming oil of vitriol 
or pyrosulphuric acid v. Sulphuric acid. 

NORITE V . Gabbro. 

NORMAL POWDER v. Explosives. 

NORWAY SPRUCE RESIN Resins. 

NOSE AN V . Lapis -LAZULI. 

NOSELITE V . Lapis-lazuli. 

NOSOPHEN V , Synthetic drugs. 

NOTTINGHAM WHITE. Flake white v. 

Pigments. 

NOUMEITE V . Garnierite. 

NOVACULITE v. Whetstone. 

NOVAINE V . CaRNPI’INE. ( 

NOVARGAN, NOVASPIRIN ?•. Synthetic 

DRUGS. 

NOVATOPHAN. Trade name for ethyl 6- 
mctliyl -2-ph enylqu i n oline -4 -carboxylate. 

NOVIFORM. Trade name for a bismuth 
compound of ietrabromopyrocatechol. 

NOVOCAINE, Trade name for p-amino- 
bcnzoyldiethylaminoethanol hydrochloride, used 
as a substitute for cocaine. Fine white needles, 
m.p. 166°, very soluble in water (?/•. Synitietio 
drugs). 

NOVOCOL. Trade name for sodium mono- 
I guaiacol pliosi>hate, 

! NOVOJODIN r. Iodoform. 
j NOYAU V . Liqueurs and Oordials. 

NUCIN or JUGLONE. 'i’his substance, ob- 
I tainod by Vogel and Keisehaiier from walnut 
husks, lias been shown by Bernth.sen to be an 
oxyiiaphthoqumoiio OjoHgOg (Bor. 1884, 1945). 

NUCLEIC ACID CjbH.oO.oN^P^, or 

O 0 


acid with sodium methoxido (Mai, Bor. 1889, 
2136); m.p. 12*5°, b.p. 253°-254”, sp.gr. I ( 
0*9068 at 170717°. 

The eharactcriHlic odour of the quince is ( 
probably due to ethyl polargouate. This ester ! 
7b.p: 227°-228‘-’ ; sp. gr. 0*8655 17*5°/4°) is pro- | 
pared commercially for flavouring common j 
wines, brandy, &c., from the oxidised products 
of oil of rue. 

2. isoNunoic acid, rndhyllicxyl aceiiq,acid, or 
a-mcihyloctoic acid CH[3[CH.3]5Cjl(CH3)COOH is 
formed by boihng inethylhexyl earbinol cyanide 
with potash (Kullhem< Annalen, 173, 319) ; b.p. 
244°-246° (corr.), sp.gr. 0*9032 at 18°/. Almost | ; 
insoluble in water ; readily soluble in alcohol 1 • 
and ether. r ! \ 

' 3. isoHeptyl acetic acid or B-methyloctoicacid ] ' 

CH3fCH2l5CH(CH3)CH.,*C02H. Obtained by 1 ' 
heating t.soheptyl malonic acid ; b.p. 232°, l 
Insoluble in water ; soluble in alcohol and j 
ether (Venable, Ber. 13, 1652). 1 

NONTRONITE, A hydrated ferric silicate of 1 
a lightj-green colour, which, on the expulsion of 1 
water, changes to a dark chestnut-brown ; 
opaque, fracture uneven ; lustre resinous ; | 
unctLOUs to the touch, and somewhat harder 1 
than talc. Specimens found* at Heppenheim, in 1 
the Borgstrasse, and at Amlreasbcrg gave j 
numbers agreeing *with the formula | 

Fo203*3Si02,6H20 j 

(Thorpe, Proc. Lit. and Phil. Hoc. Manchester, I 
1869, 1). 

NOPAL. The Mexican name of the cacta- 
ceous opuntia, upon which the cochineal insect 
{Coccus cacti) breeds. ^ 

NOR-ATROPINE, NOR HYOSCYAMINE v, 

TEOrEINBS. 


C„Hjo 04— 0-P— 0— CjHpOs— 0— P— 0- 

I II I 

(LH.N, on C.H.O^N. OH 


CeH/la-O-P-O-CaHioO^ 


C3H4ON4 OH C4H4ON3 (Levene) 

A product of the degradation of the nucleo- 
proteins of cell-nuclei ; derived from yeast or 
from the thymus gland. That obtained from 
yeast is a white friable, tasteless oddltrlesB 
substance ; jiractically insoluble in water but 
soluble inc-solutions, of alkaline acetates ; readily 
soluble in solutions of alkalis to form salts. 
Froip these solutions hydrochloric acid pre- 
cipitates riucleic acid in dense curds, soluble in 
excess of the acid. In presence of a sufficient 
amount of alkahiio acetate acids fail to pre- 
cipitate nucleic acid.** A sol tion of sodium 
nucleate gives 'with copper acetate solution 
acidified with acetic acid a greenish-blue pre- 
cipitate ; calcium chloride in excess in presence 
of acetic aifid gives a white flocculont precipitate 
which quickly becomes grAnular. Silver nitrate 
in excess whpn added to a strong neutral 
solution of Bodiilm nucleate gives a white 
gelatinous precipitate, soluble in sodium chloride 
forming an opaque ooUcidal solution. Aqueous 
solutions of sodium nucleate readily gelatinJ.Be, 
and, if conoentr^ited, set to a jelly. 

Nucleic acid of plant origin yields on hydro- 
lysis guanine, adenine, cytosine, uracil, d-ribose 
(per tose), and phosphoric acid. 7^^®* animal 
origin forms guanine, adenine, cytosine, thymine, 



NUTMEG-OIL. 


Iffivulinio acid (from a hexose), and phosphoric 
acid. 

As used in medical practice it should be 
white, or at most, have a very faint buff colour. 
It should be completely soluble in an aqueous, 
solution of sodium acetate or in dilute solutions 
of ammonia, or of sodium or potassium hydr- 
oxides. The precipitate, formed by the addition 
of hydrochloric acid to an aqueous solution of 
the sodium salt, should be completely soluble in 
^.n excess of the hydrochloric acid. At most, 
only traces of proteins should be present ; a 
5,p.o. solution in a small excess of ammonia 
when heated to 105^ should give only a slight 
turbidity. It should contain not less than 
15 p.c. of nitrogen (Kjeldahl process) and 9 p.c. 
of organic phosphorus, rcckonefl on the dry 
sample (Chapman, Analyst, 1918, 259). Sue. 
PnoTBiNa. 

NUN. This name is given to th? fatty jiro- 
duct of an insect found in Yucatan. It is a 
yellowish-brown fatty mass, which has a neutral 
reaction, absorbs oxygen from the air, melts at 
48’9°, and resolidifies between 26'7“ and 24‘9° , 
dissolves easily in ether, benzene, chloroform,, 
or oil of turpentine, but is insnlublo in alcohol ; 
saponifies with difficulty, yielding a pungent- 
smelling acid called acid, and a volatile oil, 
together with palmitic and stearic acid. Am- 
monia colours it red. Its solution in turpentine 
oil is converted, hy exposure to the air, into a 
resinous syrup (A. Schott, Chom. News, 22, 110). 
NUT-GALLS v. Gall -NUTS. 

NUTMEG. Tlio nutmeg is the kernel of the 
fruit of MyristicAi fmgrans (lloutt) [v. Maee). 
When gathered the fruit is slowly dried, either 
in the sun or by artificial heat, the hard shell is 
removed and the nutmegs (except in the case of 
those from Penang) washed in milk of lime. 
The nuts are then sorted into grades according 
to their size, the largiTr and denser being the 
more valuable. Those wdiich are shrivelled arc 
reserved for the production f)f ground nutmeg, 
of wliicli, however, little, if any, appears on the 
market. 

The true nutmeg is oval qf nearly spherical 
in shape, from 20 to 25 ram. long and from 
15 to 18 mm. wide, it is wrinkled longitudinally 
with a groove marking the position of the raphti. 
In cross section it has a marbled appoarani;e. 
It has a pleasant and characteristic ^dour and 
a hot aromatic taste. 

Composition . — The preponderating consti- 
tuents are a fixed oil, starch, albunAqpidt, and 
fibre ; the flavour and therapeutic action are due 
to the volatile oil. 

According to Wintoi, Ogdon, and MitcBell 
(U.S. Dep. Agric. Bureau of Chemistry, Bulletin 
66, 1902), nutmeg has the composition — 



Max. 

Min, 

Moisture . ... 

. f0*83 

6*79 

Ash, total . . * . 

. 3*26 

2*13 

„ sol. in water 

, . 1*46 

0*82 

„ insolinHCl . 

. 0*01 

O’O^ 

Ether extract, volatile 

. 6*94 

2*66 

„ „ non-volatile . 

. 36*94 

28*73 

Alcohol extract . •. 

. 17*38 

10*42 

8odadng matter byL^j^ jg.jjO 

acid conversion 1 

17*19 

Starch by diastase method . 

. 24*20 

14*62 

Crude fibre « . 

. 3*72 

*2*38 

Nitrogen . , . . 

. 1*12 

1*06 
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(For earlier analyses by Slichardson, v. U.S. 
Dept, of Agric. Div. of Chemistry, Bull, 13, 
pt. 2, 1887.) 

Thh sole use of nutmeg is as a flavouring 
agent, out the volatile oil is employed in medicine 
as an aromatic anck carminative.^ In large doses 
it produces epileptiform convulsions. 

The expressed oil of nutmeg {Adeps mijri' 
sticae) is used in plasters and hair letions as 
a mild stimulant. It consists^ mainly of the 
fixed oil, but usually contains substantial pro- 
portions of the voktile oil also. When freed 
from this it has the following constants : — 
m.p. 29°-30°C. ; sapontfication value, 184-186 ; 
ioffliic value, 56- 159 ‘5 (Parry, Food and Drugs, 
p. 235). 

AduUctniion. — As nutmegs are almost in- 
variably sold whole, i.e. unground, adulteration 
is very rare m this country. , 

The sulistitutioii of the long nutmeg {M. 
Argentea) cannot he rcgartlcd as legitimate, 
being much inferior in flavour, siill less that of 
Mukl nutmegs from M. Mnlahurica or other 
species of Myrisltca. Both would be detected 
at once by the cornjileto absence of aroma, and 
also by their different shape and size. Worm- 
eaten nuts may bo passed off as sound after 
stopping the holes and coating with lime. This 
will be revealed by careful inspection. More or 
loss exhausted nuts may •be detected by the 
reduced fat content. 

Standards. — The United States standards for 
nutmeg are as follows : The fixed ether extract 
shall be not less than 25 p.c., the ash not greater 
than 5 p.c., the ash insoluble in hydrochloric 
acid not greater than 0‘5 p.c., and the crude 
fibre not over 10 p.c. C. H. C. 

NUTMEG BUTTER v. Myuis'jica fats. 

NUTMEG-OIL (sometimes called Oil of Mace) 
is obtained by subjecting crushed steameej^ 
nutmegs to a pressure of about 4000 lbs. per 
square inch at temperatures between 45“ and 
75“ for about 20 hours. The amount of fat thus 
expressed varies with the origin and qualit}’' of 
the nuttiegs, but in the case of Ceylon nutmegs 
it may amount to about 27 p.c. By extraction 
with ether the finely ground nutmegs afford 
jiearly 43 p.c. of fat. Tfie fat at ordinary tem- 
peratures is a soft brownish-yellow solid with 
the characteristic smell of nutmeg. It melts at 
48“, and has a density of 0*9699 at 60“/50°,^ 
an acid value 11*2, a saponification value 
174*6, and an iodine value 57*8. The«fat ex- 
tracted with ether melts at 50° ; has a density 
of 0*9337 at 50“/50“, an acid value 12*9, saponifi- 
cation value 180*5, and iodine value 46*7 (Power 
and Salway, Chem. Soo. Trans. 1908, 93, 1664). 

The expressed fat contains an essential oil, 
trirnyrisiin C 3 Hj(CiiH 2 70 ,) 3 , a phytosterol, a 
substance of the formula OigHagOj, oleic and 
linohnic oAiids as glycerides, small amounts of 
formic, acetic, and cerotic acids, together with 
unsaponifiable constituents and resinous material 
{see Nutmeg butter, art. Myristioa fats). 

The essential oil of nutmeg has been ex- 
amined by Power and Salway (Chem. Soc. 
Trans. 1907, 91, 2037 — which also contains an 
account of the previous investigations of Glad- 
stone, Wright, Brvihl, Wallach, and Semmler on 
the subject, as well as feferences to its biblio- 
grapljy). It is a nearly colourless limpid liquid 
of 8p.gr. 0*869 16®/16°, has an optical rotation 
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of -{-38° '4 In a 1 dcm. tube, and is soluble in 
three times its voln)nc of 90 p.o. alcohol. It 
consists of a mixture of d-pinene and d-camphene, 
together amounting to about 80 p.c. ; dippntene^ 
about 8 p.c. ; d-linolool, d-horneoly i-krpineol, 
and geranioly together abouUO p.c. ; myrisiicin 
CiiHji 2^3 about 4 p.c. ; together with small 
amounts of an alcohol, yielding on ^ixidation a 
dikeione J an aldehyde resembling citral, 

yielding a jS-naphthacinchoninic acid derivative, 
m.p. 248° ; mfrole ; myruhe, formic, acetic, 
butyric, and octoic acids, apd a motiocarhoxylic 
acid CjaHjgOa all as esters. 

That portion of nutmeg oU which lias been 
hitherto designated as ‘ niynstieol ’ is a inixtllie 
of alcohols of which tcrpinool is the main con- 
stituent. As normal oil of nutmeg dilTers in its 
physical characters, particularly m optical 
rotatory power, ,its composition is evidently 
subject to considerable variation (Power and 
Salway). See Oils, I^^ssewial. 

NUTS. Tlyi name given to various seeds, 
some the produce of large trees, e.g. walnut, 
chestnut; others of shrubs, c.g. filbert; some 
even of small leguminous })lants, e.g. pea nuts. 

Nuts are, as a rule, rich in nitrogenous 
matter and in oil, and when palatable and 
digestible, alTord a concentrated and nutritious 
food. 

The following analyses, chiefly from American 
sources (Bull, 28, U.IS. l)<‘pt. of Agnc. 1899), 
will serve to show the average comjiosition of 
the edible portions of many varieties of nuts : — 



Water Protolii 

Carbo- 

Fut hydrates Asli 

Almonds . 

4-8 

21-0 

54-9 

17-3 

2 0 

Beechnuts 

4-0 

21-9 

67*4 

13*2 

3*5 

Brazil nuts 

5-3 

17 0 

00-8 

7-0 

3-9 

Chestnuts, fresh 

45-0 

0-2 

5*4 

421 

1-3 

Chestnuts, dried 

6-9 

10-7 

7 0 

74-2 

2'2 

Cocoanut . 

141 

5-7 

60 -C 

27-9 

1-7 

Filberts 

3-7 

15-6 

05-3 

13 0 

2-4 

Hickory nuts 

3-7 

16-4 

07-4 

11*4 

21 

Pea nuts , 

9-2 

26-4 

38-0 

24-4 

2 0 

Pecans 

2-7 

9-0 

70-5 

io-3 

1-9 

Pistachio nuts . 

4-2 

22-3 

54 0 

10'3 

3-2 

Walnuts . 

2-6 

18-4 

04-4 

13-0 

1-7 





H. J 

. <1 


NUX VOMICA, B. P. ; U,S. P. {Noix vomigue, 
Fr. ; Krahetuiutgcn, Brechnuss, Ger.). Among 
the numerous species of Strychnos distinguished 
for their toxic properties the best known is S. 
Nux iwfiica (Linn.), a medium-sized tree which 
is found throughout Southern and Eastern Asia 
and in the northern part of Austraha. Th(5 
seeds of the fruit of this tree constitute the nux 
vomica rof commerce. They vary m size from 
1 9 to 26 mm. diameter and 3 to (> mm. thickness ; 
are circular plano-convex or irregularly bent, 
greyis*h-green in colour wit,h a satiny lustre. 
Internally they consist of* a tough and horny 
albumen, in the centre of which is found a small 
embryo. They were introduced into Europe 
during the sixteenth and seventeenth centuries, 
and have gradually become an important 
article of materia medica. They are known in 
the market as ‘ Bombay,’ ‘ Cochin,’ and 
‘ Madras ’ seeds. The finest specimens which 
have been examined' are grown in Ceylon. 
In small doses nux vomica acts as a powerful 
nervous stimulant affecting , certain nerve 


centres, particularly the medulla oblongata. 
Other parts of the tree possess similar physio- 
logical activity, notably the bark, which has 
attracted attention as an adulterant of cusparia 
or angustura and as such is called False Angus - 
tura Bark (u. Cuslaria Bark). For further 
botanical and historical particulars, v. FI tick. a. 
Hanb. 428 ; Bentl. a. Trim. 178 ; Oberlin and 
Schlagdenhauffen (J. Pharm. Chim. [iv.] 28, 
225); Dunstan and Short (Pharm. J. [iii.] 13, 
1053 ; 15, 1 and 150) ; llosoll (Monatsh. 6, 94)^ 
Greeni.sh (Pharm. J. [iii.] 16, 60); and Ford, 
Ho Kai and Crow {ibid, [lii.] 17, 927). i 

The jioisonous action of nux vomica depends 
u])on the ]>re.sence of the two well-known bitter 
alkaloids, .strychnine, and brucine. The former 
was isolated fi'om the seeds in 1818 by Pelletier 
and Caventou (Ann. Chim. [ii.] 10, 142 ; 20, 
44), and Ihe latter, a year later, from the bark 
and seeds, Ly the same chemists {ibid, [li.] 12, 
i 118; 20, 53). That strychnine is also present 
I in the bark was shown by fShenstone in 1877 
I (Charm. .J. [iii.] 8, 446 ; 9, 154). These alkaloids 
; are widely distributed among the species of the 
I Stjychuos giMius. The S. Jgnalii (Borg.), a 
climbing [ilaiit of the Pliilipiilne Islands, the 
I seeds of which constitute the St. Ingatius’ 

I Beans, contains both alkaloids. Strychnine 
I ind(‘e(l was discovered by Pelletier and Caventou 
! in the seeds of this ])laiit {cf. Fliickigcr and 
I i\1(‘yer, Pharm. .3. [in.] 12, 1 ; Fliick. a. Hanb. 
j 431 ; Bentl. a. Trim. 179 ; (Jrow', ibui. [lii.j 17, 
; 970 ; and Ford, Ho Kai and ('row, ibid, [ni.l 18, 
75). Strychnine and brucino are found also m 
S. Tie nil (Lesch.) of Java, the active ingredient 
in the U])as-Tieute arrow jioison (Pelletier and 
Caventou); in Lignum colabrinum or snakc- 
wood, from S. colubnna (Linn.), a Malabar tree 
(Berdems, J. 1800, 710 ; H. G. Greenish, Pharm, 
J. [ill.] 9, 1014), and S. Gauthienana (Pierre), the 
trei! which yie.lds the fioang-nan of China {cf, 
Planchon, J. Pharm. Chim. 1877, 384; Kiiber, 
Y.-Bk. Ph. 1881, 138). The Indian drug bidara 
laut derived from S. ligustrina, examined by 
H. G. Greenish, was found to contain brucine 
only (Pharm. J. [in.] 9, 1013), while S. blanda 
from Burmah has been stated to contain neither 
strychnine nor brucino (Small, Pharm. J, [iv.] 
3'0, 510, 522; Kew Bull. 4 and 5, 1917, 121). 
Ottier poisonous species of Sirychnos depend 
upon thCf^alkaloid ^eurarine for their activity 
(u. Cukara) ; and the African shrub akazga, 
apparently belonging to the same genus, con- 
tains* a ndarly related base akazgine (Frazer, 
.J. pr. Chem. 104, [i.] 61). * 

Strychnine C 21 H 22 O 2 N 2 , the principal alka- 
loid of Strythnos Nux-twiica (Linn.), 8. Ignatii 
(Bfrg.), 8. colubrina (Linn.), 8. Tieuti (Lesch.), 
and other Sirychnos spp. The nearly allied 
alkaloid brucine usually occurs with strychnine 
m these plalits, but 8. lihcedei contains brucine 
only. The seeds of the firsV tw o alone are used 
as sources of strychnine. The seeds of 8. Nux- 
'oomica vary in th'e amount of totaj alkaloid 
(strychnine and brucine) they contain. As little 
as 1 p.c. has been founds and as much as 6 p.c. 
in the seeds of the Ceylon,. nux vomica, but pro- 
bably 2-6 pic. may be regarded as a reason; 
able commercial average. The official require- 
ment in regard to alkaloidal content in the 
Brit^^h and United States Pharpaaoopmias is 
1'26 p.c, of strychnine determined in a specific 
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manner, which in the case of the former is as 
follows: — 7-6 grms. of the seeds in No. 60 
powder are shaken well and frequently during 
thirty minutes with a mixture of 25 c.c. chloro- 
form, 50 c.o. ether, and 5 c.c. ammonia solution. 
60 c.c. (—6 grms. of seeds) of the clear ethereal 
extract is transferred to a separator and agitated 
with three successive portions, each of 10 c.c., 
of N-sulphuric acid. The united acid washings 
are made alkaline with ammonia and extracted 
•with 10, 6 and 5 c.c. of chloroform. The chloro- 
form is then removed by distillation and the 
Alkaloidal residue rlissolved in 15 c.c. of sul- 
phuric acid p.c., this solution is heated to 
50®C. and 3 c.c. of a mixture of equal volumes of 
nitric aeid and water added, ami set aside for 
ten minutes This acid liquid is then made 
alkaline with excess of sodium hydroxide and 
successively shaken w'lth 10, 5 ii^id 5 c.c. of 
chloroform, the chloroform extract being 
‘ scrubbed ’ through 5 c.c. of water, and dis- 
tilled, adding towards the end 5 c.c. of alcohol. 
After complete distillation, the residue is drual 
at 100° and waughetl ; this should be O-OO to 
O'OOS grin =1-2 to 1-3 p.c. Tincture of Nu\* 
Vornica is standardised in the Biitisli and 
United States Piiarmacopceias r(‘s]>eetivelv to 
contain 0*125 and 0*1 grm. of stiyelimne in 
100 c and may be assayed as lollows; — 
100 c.c. are evaporated on tlie water-bath to a 
syrupy extract, washed with 20 c.c water into 
a separator, 5 grms. of sodium carbonate in 
25 c.c. water added and the mixture agitated 
successively with 10, 10 and 10 e c. of chloroform. 
Proceed tlieri as in the case of the 50 c.c of 
ethereal extract in the assay of the powdered 
seeds. Extract of Nux Vomica is standardised to 
contain 5 p.c. of strychnine in both the British 
and tbiitod States Pliarmacojxnias ; whereas 
the Fluid Extract sln^ild contain 1*5 grms. of 
strychnine per 100 c.e. in the British, but only 
1 grm. per 100 cc. in the United kStates Pharma- 
copoeia. For the assay of tb.) extract 3 grms. — 
or of the fluid extiact 10 c.c. — may be taken, the 
process being substantially that followi'd in the 
case of the tiucturo. About ouo-tb ird of the total 
alkaloid is strychnine and two -thirds brucine 
(Uunstan and Short, ihid. 1882-1883, [in.] 
1053; 1884-1885, 16, 1). The total alkaloids 
from the seeds of 8. Jgnutii are richer in str/ch- 
nine than those of S. NujjfVomica. ■The leaves 
of 8. Nux-vamica contain strgchnkim^ needles, 
m.p, 240° (van Boorsma, Buil. Inst. bot*Buit. 
1902, 14, 3). * • 

Preparation. — The fvfllowing process may bo 
used for the extraction of strychnine and brugmo 
from the seeds of 8. Nftx-'vomica or 8. Ignaiii. 
The finely-powdered seeds are made intif a 
paste with water and one-fourtii of their weight 
of slaked lime. The mixture is thoroughly dried 
on the water- bath- and the dry mass finely 
powdered. The amaloids are now dissolved 
from it by hot percolation wij.h % suitable solver^ 
(amyl alcohol, benzene, or chloroform) in an 
extraction apparatus. The solvent is shaken 
with dilute sulphuric %,cid, which removes the 
alkaloids as sulphates. These salts may be 
crystallised from the neutral soliAion, or the 
alkaloids may be regenerated, and the mixture 
(strychnine and brucine) extracted with dilute 
(26 p.c.) alcohol, which dissolves the briiiine, 
and leaves nearly the whole of the strychnine 


undissolved. It is purified by recr 378 tallisatioii 
from alcohol. I 

Pnoperties . — Rhombic prisms, m.p. 268° 
(Loeljsch and Schoop, Monatsh. 1885, 6, 868). 
At higher temperatures some of the alkaloid sub- 
limes unchanged.* According to Loebisch (Z.c.), 
the alkaloid distils without decomposition ojb 270° 
under 6 mm. pressure. Lflevorotatory,Ja]j)— 36° 
in neutral salts (Tykociner, Rec. trav. chim. 
1882, 1, 46). Very slightly soluble in w^ater 
(1 in 6667, at 15°; 1 in 2500 at 100°). The 
aqueous solution fe alkaline, and even when 
largely diluted, has a persistent bitter taste ; the 
bfi,terness is perc-sptibm in a solution containing 
1 part of stryclinmo in 700,000 parts of water. 
The alkaloid is sparingly soluble in absolute 
alcohol (0-.302 m 100 at 8'2r)°), ether (1 in 
5500 at 25°), but is dissolved by chloroform (1 
in 0), benzene (1 in 150 at !?5°), amyl alcohol 
(I in ISO at 2.5°), or yO p.c. alcohol (1 in 170). 

ytryehninc is a violent poison, giving rise to 
tetanic spasms, owing to the greatly increased 
excitability of the sjnnal cord. Half a grain of 
the alkaloid has ]>roved fatal to man. 

8try(!hriin(> is a monacidic base : its salts are, 
as a rule, cryslallnu* and soluble in wkter. The 
hydroehloridc B*l K1,2H 2^) forms small colour; 
loss prisms, and is soluble in 35 parts of cold 
water; the nitrate B'HNO;, forms colourless, 
glancing prisms, and is soluble m 80 parts of 
water at 18°-l9° ; the sulphate Bo*H2S04,6H20 
fonus colourless ])risms, soluble in 31 parts of 
water at 25". All these salts are neutral in 
aqueous solution. 

Jicactions and Detection. — Strychnine, which 
18 one of the most stable of alkaloids, is not 
coloured by sulphuric acid, and gives at most 
only a yellow coloration with nitric acid. It 
may bo lu'ated to 100" with sulphuric acid with- 
out being apjireeiably aflected. When brouglft 
into contact with certain oxidising agents it 
exhibits a stnking colour reaction, which is 
generally reli(‘d on for its detection. If the 
alkaloi^ is dissolved in a drop of strong sulphuric 
acid, and a small inece of potassium dichromate, 
manganese dioxide, ceric oxide, or potassium 
permanganate is stirrc^l into the mixture, a 
•[day of colours is observed, beginning with blue, 
which gradually passes through violet and red 
to yellow (Marchand, J. Jfli^ra. Chim. [iii.] 
4, 200). The only other alkaloids which behave 
exactly like strychnine in this respect are curarine 
and gclsemino. Several alkaloids, however, give 
*a somewhat similar colour reaction, but most of 
these are coloured by sulphuric acid alone, and 
may thus be readily distinguished from strych- 
nine. The presence of foreign orgajjic com- 
pounds frequently obscures the colour, and the 
alkaloid to be tested must, therefore, first bo 
isolated in a nearly pure state, and separated, 
as far as possible, •faum any other alkaloid that 
may bo present. Tins colour reaction cannot be 
obtained in the presence of much brucine, the 
alkaloid which accompanies strychnine in the 
plant, since it gives a deep -rod coloration when 
oxidised which obscures the play of colours pro- 
duced by the strychnine. This alkaloid may, 
however, be removed by oxidation with dilute 
nitric acid, the strychniije being recovered from 
the acid liquid by adding ammonia and extract- 
ing with chloroform (Shenstone, Pharm. J. 
1877-1878, [iii.fS, 446; Hanriot, Compt, rend. 
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1883, 97, 267), or th^ ;mixed alkaloids may bo 
^washed with chlorine^ water, when the brucine 
*is converted into the soluble dichlorobrucine, 
which dissolves, leaving a residue of strychnine 
(Bockurts, Arch. Pharm. 1890, 228, 326). In 
toxicology, wh^iTO traces of '‘impurity in the 
alkalaidal residue would give rise to darkening 
when the sulphuric acid is added, ^no residue 
may be ‘moistened with the strong acid and 
heated on the water-bath until the impurity is 
completely decomposed ; water is then added, 
and the strychnine recoveredfhy adding ammonia 
and extracting with chloroform. 

Brucinfi CosIIoaO.Na.'’ Thi,s alkaloid occurs 
with strychnine in o. ‘^Nux-votmea (Linn.) and 
in other s])ccics of Strijch7io.s. In the seeds of 
S. Nux vomica about two-thirds of the total 
alkaloid is brucine (Dunstan and Short, Pharm. 
J. 1884-^1885, [ni.i] 16, 1). In the seeds of S. 
Ignaih the proportion of brucine appears to bo 
smaller. 

Prrparatiov total alkaUiid having been 
extracted from the plant by the method de- 
scribed for strychnine, the mixture is rcjieatedly 
washed with dilute alcohol (26 j).c. by volume) 
and the brucine (irystalbsed from the .solution, 
and reorystallised several times from the same 
solvent or from watiT, the fractions which 
crystallise latest being almost, if not (pntc, pure 
brucine. 

According to Fluckigcr (Pharm. Clicm ), if 
the mixture of the two alkaloids is converted 
into the acetates and the solution is evaporated 
to dryness on the water- bath the strycbnine 
acetate undergoes dissociation into the alkaloid 
and acetic acid, which volatilises. The brucine 
acetate remains unchanged, and may be dis- 
solved from the residue by cold water and 
crystallised. 3<'or another method which is said 
tfl) furnish quite jiure brucine, see ISbenstone, 
Chem. Soc. Trans. 1881, 39, 463. 

Properties.— Brueme separates from its solu- 
tions in water or aqueous alcohol m monoclinic 
prisms containing 411^^0, m.p. 106'’, or with 
2 H 2 O from alcohol (Moufang and I'afel, Aiinalen, 
1899, 304, 24). The crystals lo.se their water 
at 100”, or on standing over sulphuric aeid. The 
anhydrous substance melts at 178" (Claus, Ber.i 
1881, 14, 773); Icovorotatory, [a]j 5 =in alcohol 
-85°, in chloroform -119° to 127° (Oudemaiis, 
•Annalen, 1873, 166, 69). Slightly soluble in 
cold water (1 in 320), twice as soluble in boiling 
water, ^ery soluble in alcohol, chloroform, or 
amyl alcohol ; insoluble in ether. Brucine and’ 
its salts are bitter, and when subcutaneously 
injected in animals produce a physiological 
action resembling in kind that of strychnine, 
but muSi feebler. When administered inter- 
nally to animals it produces little or no effect, 
owing. chiefly to the rapidity with which it is 
eliminated (Brunton, Chen?, 'tsoc. Trans. 1886, 
47, 143). 

Brucine is a monacidic tertiary base ; the 
ordinary salts are crystalline, and readily dis- 
solve in water. 

Reactions . — Brucine is readily distinguished 
from strychnine, since it does not give rise to the 
characteristic play of colours w^hen oxidised with 
chromic acid, &c., only an intense red colora- 
tion being produced, whilst brucine is further 
differentiated from strychnine by giving a deep- 
red coloration when mixed wii»h nitric acid; 


this is a very delicate test for brucine, and con- 
versely for nitric acid. This red coloration of 
brucine is distinguished from that produced 
when some other alkaloids {e.g. morphine) are 
mixed with nitric acid, by the action of stannous 
chloride or certain other reducing agents, which 
when cautiously added change the red colora- 
tion to violet. (6/. Wober, Zeitsch. angew. 
Chem. 1918, 31, 124; Analyst, 1918, 360.) 

When heated with strong hydrochloric acid 
brucine evolves two molecular proportions oft 
methyl chloride (Shenstone, Chem. Soo. Trans. 
1883, 43, 101 ; Hansaon, Ber. 1884, 17, 226). . 

Detection and estimation . — Brucine may be 
detected by moans of the properties and re- 
actions (lea(;ribed above. It may be estimated 
in ])lants and in medicinal jireparaiions by the 
methods described in connection with strychnine 
(p. 617). 

Constitution of strychnine and brucine. In 

spite of the fact that these two alkaloids were 
isolated more than a century ago it is only quite 
recently that it has been pos.sible to put forw'ard 
constitutional formula? for them. I'he principal 
dacts so far ascertained in the chemistry of 
the.se alkaloids, and which bear directly on 
the problem of their constitution, are as 
follows: — 


Both alkaloids contain two atoms of nitrogen, 
but behave as tertiary monacidic bases and 
contain no methyl linked to nitrogen. On 
treatment with alkalis they each take up 1 mol. 
of water and form strychninic and hrucinic acids 
re.speetively. 

Brucine differs from strychnine by ('OCH^la. 
and in yielding 2 mols. of methyl iodide or 
methyl cldoride wdien heated w ith concentrated 
hydrjodic or hydrochloric acid. Apart from this 
the reactions of brucine are exactly parallel 
with those of strychninq, and the whole series 
of brucine derivatives correspond with those of 
.strychnine and show a constant difference 
(•00112)2. 

These facts warrant the following assump- 
tions : (1) Of the two nitrogen atoms one is 
present as an imino group : N'CO, and this is 
converted into : NH-OOOll in the transformation 


of .strychnine N;C 


/CO 

oHaoO^ I , into strychninic 


acid N:C 2 ;H 2 . 20 <^^^^ and of brucine into 
bruciipc acid. The N- atom concerned in the 


change is<devoid of basic properties, and conse- 
quently the alkaloids are monacidic, this 
pro^werij^ depending on the second*' nitrogen 
atom. "(2) Since the Second nitrogen atom is 
tertiary, and yet has no methyl group attached, 
it must be linked up with a third carbon atom 
in a ring. (3) Brucine is probably a dimethoxy- 
denvative oi strychnine. ^ 

On treatment with methyl iodide strychnme 
forms a metliioQlide, which, when warmed mth 
barium hydroxide, forms methylstrychnine, 
which behaves as a betaine and is a secondary 
base ; thus it fumisheS -a nitrosoamine and 
reacts with methyl iodide to form dimethyl- 
strychnine, a substance which closely resembles 
N-methyltetrahydroquinoline in its properties, 
whence it may be concluded that strychnine 
contf'ins a reduced quinoline nueleus. These 
changes may bo represented thus-— ^ 
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/CO .CO 

NiC,„H„0{ I Mel : N:Cj<,Hs,0/ | -> 

Strychnine. S-methiodlde, 

MeOH : N ;C„H,jO<^H®® 
Stryclmlnlo acid methylhydroxide. 

0 ^CO 

Methylstrychnino. 

The conclusion that strychnine contains a 
Quinoline nucleus receives confirmation from 
the fact that the alkaloid is readily nitrated 
and sulphonatod, and that on treatment with 
nitric acid it yields dniitrost^^ycholcarboxylic 
acid, which by loss of CO 2 passes into dinitro- 
strychol, which appears to be a dinitrodi- 
hydroxyquinoline (NO. ) 2 Cg fT^N( 0 ^) 3 . 

The study of the oxidation products of 
strychnine and brucine has also afforded useful 
data. When either alkaloid is oxidiscnl with 
chromic acid it furnishes an acid 

<^l6Hi:02N2(C00ir) , 

which contains no methoxyl. so that in the 
formation of this acid it must be the jiortion of 
the molecule containing the two 'OfTl^ groujis 
of brucine that has been destroyed thus — 

CiBHi^O^N^-OeHe 0^ Jli/)2N,-OJT3(OMo)2 

Stryclininc Brticiiio. 

The yield of this acid is unfortunately small, 
but on distillation with zinc-dust it yields di- 
phenylimide (carbazole), a substance which also 
occurs among the products of the destructive 
distillation of strychnine. On the basis of these 
results Perkin and Robinson have suggested 
that strychnine and brucine must contain b<»th a 
quinoline and a carbazole nucleus ((diem. Soc. 
'Urans. 1910, 97, 305)^ and hav’c suggested the 
following formula for strychnine — 


(1 CH • 




strychnine (Perkin and Robinson). 


The formula for brucine diffefs*from this 
only in having methoxyl groups substituted at 
po8itions»a and &. ^ 

The principal paper#relating to the chemistry 
of strychnine and brucine are as follows : €}er- 
hardt, Annalen, 1842, 44, 270 ; Compt. rend. 
1844, 19, 1105 ; Nicholson and Abel, Chem. Soc. 
Trans. 1850, 2, 241 ; Sohiitzenbe^er, J. 1868, 
373 ; Stahlschmidf, ibid. 1869, 396 ; Gal and 
Etard, ibid. 1878, 910 ; 1879„820 ; Bull. Soc. 
chim. 1879, [ii] 31, 98; !?chiff, J. 1878, 91(7; 
Claus and collaborators, Ber. 1881, 14, 766, 774 ; 
Shenstone, Chem. Srfc. Trans. 1881, 39, 466; 
1883, 43, 101 ; 1885, 47, 139 ; Oechsner de 
Coninck, Compt. rend. 1882, 96, 2!)8 ; 1884, 99, 
1077; Hanriot, ibid. 1883, 96, 1671 ; Bull. 
Soc. chim. 1884, [ii.] 41, 236; Plugge, Ber. 
1883, 16, 2(^3; Hanssen, ibid. 1884, 17,«2266, 
2849 ; 1886, 18, 293, 777, 1917 ; 1886, 19, 521 ; 


1887, 20, 461 i Loebis(^ and Schoop, Monatsh. 
1886, 6, 865 ; 1886, 7, TIi, 709 ; 1888, 9, 629 ; 
Stoejir, Ber. 1886, 18, 3429; 1887, 20, 810, 
1108, 2727; J. pr. Chem. 1890, [ii] 42, 406; 
Tafel, Ber. 1890, 23, 2734; 1892, 25, 412; 
1893, 26, 333 ; AOO, 33, 2216 ^ Annalen, 1891, 
264, 33;^ 1892, 268, 229; 1898, 301, 286; 
with Momang, 1899, .304, 20 ; with Nauraann, 
Ber. 1901, 34, 3291 ; Leuchs and coflaborators, 
ibid. 1908, 41, 1711, 4393; 194)9, 42, 770, 2494, 
2681, 3067, 3703 ; 1910, 43, 1042, 2362, 2417 ; 
1911, 44, 2136, 3(M0 ; 1012, 45, 201 ; 1913, 40, 
.3693, .3917 ; 1914, 47, 370, 636 ; 1915, 48, 1009; 
L9I8, 61, 1375; JO 1 9, *52, 1443 and 2195; 1921, 
51. 2177; 1922, 55, 564 and 724; Perkin and 
Robinson, (3iem. Soc. Trans. 1910, 97, 305 
(this pajior gives a resume of the principal facts 
bearing on the con‘ititution of strychnine and 
brucine); Pictet and collaborators, Ber. 1906, 
38, 2782, 2787 ; 1907, 40, 1172.' 

‘ Igasnrine,’ a *siippoHi'(l tliird alkaloid in 
nux vomica, was reported by l)?snoix (J. l^harm. 
(diim. [ill.] 25, 202) and Schiitzenberger (Compt. 
rend. 46, 1234), but this was subsequently 
shown by .Jorgensen (J. pr. (jheni. fii.] 3, 175) 
and Shenstone ((3iem. Soc. Trans. 3T, 235 ; 39, 
453) to be impure brucine. 01 her constituents 
arc i<jamriG acid (Pelletier and Caventon, Ann. 
Obim. [li.] 10, 167 ; 26, 54), xirobably a variety of 
tannic acid (Ludwig, Arc*li. Pbarm. [iii.] 2, 137 ; 
Carnol, J. Pharm. Chim. 19, 166; Marsson, 
Annalen, 72, 296 ; Sander, Arch. Pharm. 236, 
133), but according to Corter {ibid. 247, 197) 
identical with chUmtqniic acid CjsHas^li# from 
colTt ‘0 berries. Logamn, (iolourless prisms, 
m.p. 215'^, occurs in the ])ulp of the fruit of 
Ceylon nux vomica to the extent of 6 p.c., and 
on acid hydrolysis yields glucose and logamtin^ 
Dun.stan and Short (Pharm. J. 1884, 1025) ; 
11 p.c. of jiroteuls (T3uck. a. Hanb. Pharnft- 
I cographia) ; mucilage ; sugar ; and about 4 p.c. 
of a fatty oil (tbuL). Meyer (J. 1876, 856) ; 
Greenish (Pharm. J. [iii.] 12, 681); Buristan 
and Short, Harvey and Wilkes (J. Soc. Chom. 
Jnd. 2 I, 718), Watt and Angus {ibid. 35, 1916, 
201 ). H. E. W. 

NYCANTHES ARBCJR-TRISTIS (Linn.). This 

• is a large shrub with rough leaves and sweet 
j scented flow'ers occurring in the sub-IIimalayan 
j and Tarai tracts ; also in (/euli|il India, Burmah, 

I aifd Ceylon. The flowers open towards evening 
' and fall to the ground on the following morning. 

: 'The corolla tubes are orange coloured 3ind give 

• a beautiful but fleeting dye, wliicb is mostly 
j used for silk, sometimes in conjunction with 
! ‘ kusum ’ or turmeric, occasionally with indigo 

and kath (Watts, JDict. Econ. Prod, of India, 
1891,6,4.34). 

According to Hill and Sirkar (Chem. Soc. 
Trans. 1907, 91, 1601) these flowers yieljl a red 
crystalline colouHiig matter nycanthin. An 
aqueous decoction treated ivith 1 p.c. of hydro- 
chloric acid, is warmed gently for several hours, 
the precipitate collected and extracted with 
boiling alcohol. The extract heated with 1 p.c. 
hydrochloric acid deposits the colouring matter 
in red flakes which are washed with alcohol, and 
crystallised from pyridine or phenylhydrpine. 

Nycanthin 8eparat|)S from pyridine in 
minute regular hexagons, and from phenyl- 
hydaazine in rhombic crystals ; these are yellow, 
I while wet, butMirick red when dry, and melt at 
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285®-287° (Perkin, Chesi. Soc. Trans. 1912, 101, 
1639). It dissolves iL alkalis to form a yellow 
solution from which it apjjears to be ^;epre- 
oipitated unchanged by acids, and contayis no 
methoxyl group. With sulphuric acid it gives 
a most intonser blue colour,* w'hich, however, 
rapidly turns yellow, and in this respect 
resembles bixin, the colouring matter^f annatto 
{Bixa OrhlaTWL [Linn.]). 

The analysesr-of Hill and Sirkar {lx.) agree 
closely with (I 20 II 27 O 4 of these 

formulae the former a})pcarr to be preferable. 
Acpiylnycanthin the bro- 
mine compound amorphops 


powders, have been prepared by these authors. 
Mannitol was also isolated from the flowers. 

For dyeing purposes the material (silk or 
cotton) is simply steeped in a hot or cold de- 
coction of the flowers. The addition of alum 
and lime juice to the dye-bath is said to render 
the colour more permanent. 

According to Perkin (private communica- 
tion) the flowers of the Cedrela Toona (Roxb.), 
also employed as a dyestuff in India, yield a 
small quantity of crystalline red colouring* 
matter, which closely resembles and is probably 
identical with nycanthin. » 


0 . 


OAK-BARiC The oak tree is generally 
barked from the beginning of May till the 
middle of July. The barkers make a longi- 
tudinal incision with a mallet furnished with a 
sharp edge’, and a peculiar incision by means of 
8 barking-bill. The bark is then removed by 
peeling-irons, the separation being promoted, 
when necessary, by beating the bark, it is 
stacked in pieces about 2 feet long {v. Leatiikr). 
Oak-bark tannin contains no methoxyl group 
and the methoxy- compounds associated with it 
have no tanmng properties. No compound is 
to be found in the bark from which tannin 
might be produced. 

OAK-GALLS v. Gall nuts. 

OAK-LEAVES. The leaves of Quercus 
Sfsathjiora contain minute quantities of nu'thyl 
alcohol, hexenol, and low'er homologues and 
ifi^gher unaaturated alcohols, formic, acotie, and 
higher unsaturated a<uds and a variety of alde- 
hydes (Franzen, Zeitseh. physiol. (!liein. 1921, 
1J2, 301). 

OAK-VARNISH v. Varnish. ^ 

OATS V . Cereals. 

OBLITINE V . Carnitine. 

OBREGUIN. A sul^Htunce intermediate in 
character between the fats and resins, occurring 
in Mexico on the twigs of Althaea rosea ((‘av.). 
Nearly insoluble, in water ; easily soluble in 
tther, chloroform, or turjicntine oil. On 
evaporation its solutions form a colourless, 
odourless mass, of the consistency of turpentine. 
Saponifiable by alkalis. 

OBSIDIAN (Fr. Ohsidienne). A glassy vol- 
canic rock, generally jet-black or of dark bottle- 
green tint, and nearly opa([ue, except on the 
thin edges, which are translucent. Obsidian 
results from the rapid cooling of lavas of the 
acid ty^ie ; the corresponding glass in the basic 
series being termed taciiifiyie. Microscopic 
examination of obsidian usually reveals the 
presence of numerous enclosures, known as 
crystallites and microlites, whiqh are arranged 
in bands, indicating a flow structure. An 
analysis of obsidian from Obsidian Cliff, Yellow- 
stone National Park, Wyoming, gave : SiOj 74*70, 
AI 2 O 3 13*72, FejOg 1*01, FeO 0*62, MnO trace, 
CaO 0*78, MgO 0*14, K,0 4*02, Naj0-3*90, 11^0 
0*62, FeSa 0*40 =99*91 ; sp.gr. 2*34. This 00 m- 
position is also that of a granite and a rhydite. 
Other well-known localities are Iseland and the 


Lipari Islands. Obsidian being a homogeneous 
glass breaks with a typically conchoidal fracture, 
j It can be chipped and flaked with sharji-cutting 
edges, and hence in parts of Mexico where the 
material is abundant, as at the ('erro de las 
Navajas (‘ Hill of Knives ’), it was used by the 
Aztecs for knives, razors, and arrow-heads. It 
has also beiui employed by savagi's in other 
volcanic countries. Obsidian has occasionally 
been cut and polished as a gem-stone, but 
displays too little colour, even when thin, and 
is, moreover, too soft for general use. The 
hardness is somewhat higlier than that of 
window-glass. A variety wdth a rich silvery 
sheen is, however, used for ornamental puqioscs 
ill the Caucasus, while a brownish-red streaked 
variety, knowTi as ‘ mahogany-obsiiban,’ has 
been employed to a limited extent as a decorative 
material 111 the Ignited , States. On Obsidian 
Cliff, Yellowstone National Park, v. J. P. 
Jddings, Seventh Ann. Rep. U.S. Geol. Survey, 
1888. » L. J. S. 

OCCLUSION {occludo, to enclose). Graham’s 
term for the procos# of absorption or condensa- 
tion of gases within the pores of a substance, 
e.(j. the absorption of hydrogen by platinum and 
palladium, or the condensation of marsh-gas or 
fire-damp in coal. 

OCHRE. A name applied to various native 
pigments, rfistinguisfied according to colour as 
yellow, brown, and red ochres, and consisting 
essentially of ferric hydroxides (represented 
by the rtineral species limonite and turite), 
usually more or less earthy by admixture with 
clay or sand. When containing much manganese 
they pass into umber .(^.v.). Deposits of fine 
yolrow ochre occur in the Lower Greensand of 
Shotover Hill, near Oxford. Red and brown 
ochres are commonly associated with iron-ores, 
especially with the hematite occurring in pockets 
in the Carboniferous Limestone, and have been 
orked in South Wales, the Forest of Dean, near 
ristol, at Brixham in Devonshire, Ulverston in 
Lancashire, and near Workington in Cumber- 
land. Some of the finest ochres of commerce 
are obtained from France? and are known as 
Auxerre and' Rochelle ochres. In the United 
States, ochres are worked in connection with 
many deposits of iron-ore, especially in Virginia 
and Bennsylvania. Ochre is deposited by the 
water of chalybeate springs., and by the waters 



OOTYL. 


issuing from mines ; in some oases such material 
is coUected. Red ochre is formed as a by- 
product in the roasting of iron-pyrites. Some 
ochres are so pure as to bo ready for use after 
having been simply dried, ground, and bolted ; 
while others require careful preparation by 
washing and levigating. Sometimes the material 
is roasted to obtain the required shade of deep 
brown or red. The value of an ochre depends, 
not only on its colour, but on the proportion of 
oil required to-be mixed with it for use as a 
pigment. The presence of liiicly-divided silica 
js not always detrimental to an ochre, inasmuch 
as it may enable the paint to adhere to fibres of 
the wood to which it is applied, and by filling up 
spaces may improve its covering power. Coarse 
ochre is extensively emyiloyed in4ho inanufacture 
of oilcloth and linoleum, while the liner kinds of 
ochre are valued by the pajier-maker for stain- 
ing the pulp to its required tint, bi'lfig especially 
used in the manufacture of brown paper. Jn 
commerce the term ‘ ochre ’ is frequently re- 
stricted to the, pale yellowish -brown varieties. 
In mineralogy, on the contrary, it is extended 
to a variety of metallic oxuh'S and other conig 
pounds fortiK'd as products of alteration anil 
oceuriing as earthy incrustations on the minerals 
from winch they have been deiived by atmo- 
spheric- action. Thus the mineralogist recognises 
such bodies as antimony-ochie, bismuth-ochre, 
molybdic-oehre, nickol-oehre (an arseniate), 
uranium-ochre (a sulphate), and wolf ram -ochre. 

Eefcrtnces. — G. P. Merrill, The Non -Metallic 
Minerals, 2nd cd, 1910; T. L. Watson, Ochre 
Deposits of Georgia, Bull. Georgia G<‘ol. Survey, 
1906, No. 13; J. M. Hill, Mineral Paints (uith 
Bibliography), Min. Res. U.S Geol. Survey 
(1912), 1913, 2, 961. h. J. S. 

OCHROITE V , Cerium metals. 

OCRE DE RU. Brou n ochre v. Pigments 
OCTAHEDRITE Anatask. 
cycio-OCTANONE v. Ketones. 

OCTITOL V . Carboh V dkates. 

OCTOIC ACIDS. CgHi.t),. 

1. n. Octoic acid or cajrr$lic acid 

CH3[CH,],COOn 


Exists as a glyceride in butter, and in human , 
fat, and especially in cocoa-nut oil. Jt is sflso] 
found in cheese, among the products of the, dis- 
tillation of fat by superheated Bt(|im, and m 
many fusel oils, partly fr8c and imTtly in com- 
bination with different alcohol radicles. It may 
be prepared by oxidising normal #(^yl %lcohol , 
(Zinckc, Annalen, 152, 9) or by the dry distilla- 
tion of pleic acid (Gottlieb, ibid. 57, 63). It 
melts at 16*6° and Jaoils at 237*5^ ^i.gr, 
0-9100 at 20°/4“. Sparingly soluble in cold w^er : 
400 parts of water at 100^^ ^ssolve 1 part of 
the acid; readily soluble in alcohol or ether 

(Zincke, kc.). . *7 7- -j 

2. Dipro])ylacet9c acid, a-propylvalcnc acid 
{C3H7)2CH‘C6()H, is obtained by boibng ethyl 
dipropylacetoacotate with potaSh ( Burton, Ain®r. 

Chem. J. 3, 389), or by heating dipropylmalonic 
acid (Furth. Monatsh.3, 319 ; v. also method of 
Oberreit, Ber. 1896. 2000) ; b.p. 219•6^ sp.gr. 
0*9215 at 0°/4°. Sparingly soluble in water. 

3. IsQ-oc/oic acid is obtained by the oxida- 
tion of u'o-ootylalcohol {Williams, Chem. Soc. 
Trans. 1879. 128), b.p. 218'>-220‘’, Bp.gr.^0-911 
at20'’/4°. 


4. Octoic acid from i^odibutyleno 
C(CH,)3CH,-fn(CHj)COOH 
formt'd by the oxidation of the hydrocarbon ; 
boils* at about 216“ with partial decomposition 
(Butlerow, Aimaj^n, 189, 72). Probably identi- 
cal with Mo-octoic acid. • 

6. Etlwlhutylacetic acid, a-ethylJie^oi« acid 
3H3[CH,1;CH(C2H6)COOH. Obtamt^i by the 
oxidation of corresponding alcohol (Raupon- 
strauch, Monatsh. 8, 115). B.p. 225“ (Rapor, 
Chem. Soc. Trans. 1907, 1837). 

6 . EthylmohutiJ^acetic acid, a-cthyl-y-mpiliyl- 
valeric acid (CH3);^CH-CH2CH(C2H5)COOH. 
Ubtained by himting ethyliwbutylacetoacctato 
with alkali and alcohol (Guye and Jeanpretre, 
Bull. Soc. chim. [in.] 13, ikl), b.p. 219“-220“ 
(729 mm.) ; sp.gr. 0‘906 at 20“/4“. 

OCTYL, Cnpryl CyHj^. The eighth alcohol- 
radiclc of the senes + ■l-'ihe other mem- 

bers of this series,, it cannot exist in the free 
state ; when liberated from its^coinponnds it is 
eonvorted into dioctyl CijH.j^, a body isomeric 
and perhaps identical with ceryl hydride. 

'rhe compounds of this radicle occur in petro- 
leum, in the seeds of the common- and cow- 
parsnip, and 111 the products of the 'distillation 
of some varieties of coal. • 

Oi'TYL ALGOJIOL CsHiv'OH. A largo num- 
ber of isomeric alcohols , with this formula are 
]K)ssible, but only the following have been pre- 
pared : — 

(1) Normal octyl alcohol, a-hydroxy octane 
CH3[CH..1,0H, occurs in the fruit of Ihracleum 
Spliondyini n) (Linn.), tlie eow-parsnip, as the 
acetic lieid ester (Zmeke, Annalen, 152, 1 ; Mos- 
linger, ibid. 185, 26) ; and as the acetate and 
butyrate in the oil of IJeraclcum villosnm (Fisch.) 
(Franchimont, Ber. 1871, 822). Oil expressed 
from the ripe fruit ot Penredanum .sMi'i.tw?/i(Benyji. 
and Hook.), the common parsnip, is almost pure 
octyl butyrate (Renesse, Annalen, 166, 80). It 
boils at J95'5" and has S2).gr. 0-8376 at 0“ 
(Zander, Annalen, 224, 84). 

(2>Methyl hexyl carbinol, ^-hydroxy octane 
CH.,LCJTA(-H(0H)CH3, b.p. j79“-179-2“ at 
762 mm. (JSchiff, ibid. 220, 103), 177-6“-177*8“ at 
745-4 mm. (Briihl, %bidk 203, 28) ; sp.gr. 0-8193 
at 20“/4“ ( Bruhl ). Heat of combustion J ,262, 106 
cal. (Lugunin, Ann. Chim. [v.] 26, 141). 

, It IS formed by the distiUation of alkaline 
ricinoleates with excess of potash (Moschnii!, 
Annalen, 87, 111 ; Bonis, l.c . ; Stiidole?; J. 1867, 
368 ; Dachauer, Annalen, 106, 269 ; Schorlem- 
mer, ibid. 147, 222). By the distillation of the 
saponified oil of the seed of Jatropha curca^ 
(Lmn.) (Bilva, Zeitsch. Chem, 1869, 186). 

It is a limpid, oily, inactive liqujd, with a 
strong aromatic odour, soluble in alcohol, ether, 
wood-spirit, and acetic acid ; insoluble in water. 
It dissolves phosphorus, sulphur, iodine, fused 
zinc chloride, fatj tesins, and copals. 

Preparation. — Castor oil (which contains 
sodium ricinoloate) is distilled with excess of 
potash ; the portion which passes over between 
176“-180“ is collected and purified by fractional 
distillation. , 

On oxidation it yields, first, methyl-hexyl 
ketone MeCOC^Hia ; subsequently acetic and 
normal caproic acids fire formed. It reduces 
silver oxide (but not nitrate) when heated 
witS it, forijiing a metallic mirror. With 
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hydrochloric acid, phosphorus pentaohloride, 
bromine or iodine an(^ ^osphorus, &c., it ex- 
hibits the usual reactions of secondary alcohols. 
The ketone CaHi,Cl2'CO'CCl3 is produced on 
saturation with chlorine (A. Brochct, Bull.'Soo. 
ohim. [iii.] 13, 12J). * 

(3) Methyl isohexyl carbinol, Q-hydroxy-H^- 
melhyf heptane Cll3'CH(OH)[CH2]3Cli[CH3)2 is 
produced by the reduction of methyl isohexyl 
ketone CH3-CO[CHo]3CH(CH3)2 (Welt, Ann. 
Chim. [vii.] G, 135). It boils at 1C7‘’-1G9°, 
and has a sp.gr. 0-8174 at It is optically 
active [a]“‘J'==4‘G9“. 

(4) Methyl dipropyl carbinol, h-hydroxy-d, 

methyl heptane ('Ha-CiCgll-loOH, has been pre- 
pared by Gortaloff and Saytzeff by the action 
of 262 grams methyl iodide and excess of zinc 
on 70 grams butylene {J. pr. Chem. [li.] 33, 
204). It is a lu|ufd boiling at J6l-6°, and of 
sp.gr. 0-82479 at 20". 0,n oxidation with 

chromic acid it yields chiefly acetic and propionic 
acids. 

(6) y-Hydroxy-8-ethyl hexane 

(C2H6)2CH-CH(0H)C,H5 

may be prepared from bromoacetyl bromide 
and zinc ethyl (VVinogradow, Armalcn, 191, 
140). It boils at 164"-JG6", and on warming 
with hydrogen iodide jnelds the iodide. 

(6) Diethylpropylcarbinol, h-hydwxy-h-dhyl 
hexane (CgHgjxXCally)!)!! is prepared from 
butyl chloride "and zmo ethyl (Butlerow^ Bull. 
Soc. chim. [li.] 5, 17). The product is left for 
several days till it becomes viscid, it is then 
heated, acidified with hydiochloric acid and 
distilled. It has an alcohohe, camphoraceous 
odour, is lighter than water, in which it is 
slightly soluble and boils at 145'"'-J65". On 
03f.;dation vuth chromic acid it yields propionic 
and acetic acids. 

(7) Diethyl -wopropyl carbinol, y -hydroxy -h- 

fnethyl-y-athyl pentane CH(CH5)20(()H)(C2ll5)2 is 
produced together ^^uth ethyl i.soprojiyl carbinol 
and ketone from isobutyryl chloride (1< mol.) 
and zinc ethyl (2 mols.). Tho reagents are 
mixed and allowed to stand in ice for three 
days and subsequently left together for five or 
six months, after which the mixture is treated 
with ice water (Grigorovitch and Pawloff, J. 
Buss. Phys. Chor.1. Koc. 23, 1G9). It boils st 
lfe-5"-i61° at 750 mm. and has sp.gr. 0-84G3 
at 0°. . 

(8) Dii5(ibutylhydrateC8Hi70H. Two alcohols 
of this name are known. (1) A primary alcohol 
of unknown constitution. It boils at J79°-180" 
at 7G5 mm. (uncorr.) remains fluid at - 17" and 
has sp.gr.* 0-841 at 0°/4", 0-828 at 2074" (Wil- 
liams, Chem. Soo. Trans. 1879. 127). (2) A 
secondary alcohol obtained mixed with the 
primar/and separated from it„by fractionation. 
It boils at lG0"-163"/75-6 iflm. and has sp.gr. 
0-820 at 16°/4". 

(9) /^s’odibutol, ^-hydroxy -^hh-trimaihylpcn- 
tane (CH8)3C-CH2-C(CH3)20H. boils at 14G-6"- 
147-5", and has sp.gr. 0-8417 at 0"/0". It is a 
colourless viscid liquid, with a musty camphora- 
ceous odour. It is prepared from diisobutylene 
hydriodide and silver hydroxide. On oxidation 
it yields acetone, trim^?lhylacetic acid, acetic 
acid, and octoic acid CallijOj, and a kejone 
C7H14O (Butlerow, Amialen, 189, ^p3). 


(10) Octylene hydrate CgHi-OH is of un- 
certain constitution. The iodide results from 
tho action of hydriodic acid on octylene. The 
alcohol is a clear liquid, boiling at 174°- 178", 
and of sp.gr. 0-811 at 0". On oxidation acetic 
acid, caproio acid, and a ketone CgHuO are 
obtained. 

Octanes, "CgHig. Eighteen isomeric hydro- 
carbons having this formula aro theoretically 
possible. Two of these occur in American 
petroleum (Mabery and Hudson, Amer. Chem. 
J. 1897, 19, 265), and are found in the portion 
boiling between 115" and 130". w-Ootane is^ 
found among the light oils obtained by dis- 
tillmg Wigan cannel coal at a low temperature 
(Scliorlemmer, Chem. Soc. Trans. 18G2, 419). 
Ligroin consisti. essentially of hydrocarbons 
having the formulae C7Hig and CaHjg (Pelouze 
and Gahoura, Annalen, 127, 197). 

(1) ?i-Octane, octyl hydride CHaLOHgleGTIa, 
b.p. 125-()" (corr.), sp.gr. 0*71883 at 0°/4" 
('J’horpe, Chem. fSoc. Trans. 1880, 217) ; b.j)^ 
125-27700 mm., sp.gr. 0-7068 a* 16715", nf" 
1*3903 (Clarke, J. Araer. Chem. Soo. 1911, 33, 
."520 ; c/. Scliorlemmer, Annalen, 161, 281). 

Eor thermal expansion, see Thorpe (/.c.), in.p. 
— 57*4° (De Forcrand). 

Occurs in American petroleum ; prepared by 
reducing ifce-octyl iodide with zinc and hydro- 
chloric acid (iSchorlemmer, ibid. 152, 162), or 
; n-octyl iodide with sodium amalgam (Zincke, 
*152, 15); by the action of sodium on 
j n butyl iodidii (Schoilemmcr, l.c.) ; by heating 
I sebacic acid with baryta (Riche, ibid. 117, 265). 

I (Colourless liquid, having a faint ethereal 

I smell. On warming with nitric acid (sp.gr. 

I 1-42) mono- and dinitro-octano, acetic, succinic 
' and oxalic acids, and carbon dioxide are obtained 
! (Worstall, Amer. Chem. J. 1898, 20, 212). 

; (2) ^-Methylheptane, wy-octane 

b.p. 116-0"/761 mm..; sp.gr. 0-7036 at 15"/15"; 

' r3944. Has been synthesised by Clarke 
(J. Amer. Chem. Soc. 1909, 31, 107). 

(3) y-Methylheptane 

CH3[CH2]3CH(CH3)CH2-CH3 

b.p. 117-6"/760 mm. ; sp.gr. 0-7617 at ]6"/16" ; 


1*4022. Has been synthesised by Clarke 
{ibid. 658). "^The method of Welt (Ann. Chim. 
[vii.J 6, 121) does not yield a pure product. 

(4) b-l\V?i'^ylheptane 

CH3[CH2].,CH(CH3)[CH2]2CH3 

b.p. .U8-0°/760 mm. ; sp.gr. 0*7217 at *15715" ; 

„ 1*3978. Has been synthesised by Clarke 
(Amor. Chem. J. 1008. 39, 87). 

(6) jSy-Dimethylhexane 

CH3tCH,],CH(CH3)PH(CH3), 
b.p. 113-0"/768 mm. ; sp.gr. 0*7246 at 16"/16° ; • 
1-4075. Has been synthesised by Clarke 
(J. Amer. Chem. Soo. 1911, 33, 620).^ 

(6) )38-Dlmethylhexane' 

CH3-CH2-CH(CH3)CH2:CH(CHa)a 

b.p. l]0-0°/768 mm. ; sp.gr. 6*7083 at 16716" ; 

1*3986. Has been synthesised by Clarke 
{ibid, 1908, 30, 1144). 



OCTYL. 


(7) ^€*BlmethyIhexane, dmohityl 

(CH3),CH[CH,],CH(CH3), 
b.p. 108-63° (corr ), sp.gr. 0-711 at 0°/4° (Thorpe, 
Chem. Soo. Trans. 1880, 219) ; b.p. 108-267760 
mm.; sp.gr, 0 6991 at 15715°, nf" J-3930 

(Clarke, J. Amer. Chem. Soc. 1909, 31, 685; 
c/. Schiff, Annalen, 220, 88). 

Prepared by the action of sodium on uo- 
butyl iodide (Wurtz, ibid, 96, 365) or on a 
► mixture of fisoamyl and isopropyl iodides 
(Schorlemmer, ibid. 144, 188 ; Kolbe, ibid. 69, 
ii61) ; for other methods, v. Clarke, l.c. Colour- 
less mobile liquid with ethereal odour and 
burning taste. Oxidation with ehromio acid 
yields acetic acid and carbon dioxide. 

(8) yS-Dlmethylhexane * 


CH3-CH2-CH(CH3)CH(CH3)ClL-CHj 
b.p^ 116-57769 mm. ; sp.gr. 0-727(f at 15'715° ; 
71^ 1-4038 (Clarke, J. Amor. Chem. Soc. 1911, 

33, 620). Prepared by the action of sodium on 
^-iodobutane (Norris and Green, Amor. Chem. 
J. 1901, 26, 313). 

(9) y-Ethylhexane » 

CH3[Cir2],CH(CJl5)CH2-CIl3 
b.p. 118-8°-li97766 mm.; sp.gr. 6-7175 at 
16°/15°; 1-3993. Has been synthesised by 

Clarke and Riogel (J. Amer. Chem. Soc. 1912, 

34, 674), who state that it is probably one of 
the hydrocarbons found by Mabery and Hudson 
in American petroleum. 

(10) )S)3y-Trlmethylpentane 

CH3CH2-CH(Cn3)C(CH3)3 


b.p. 110-5°-l 10-87760 mm.; sp.gr. 0-7219 at 
16°/15° ; 7^"-’ 1-4164. Has been synthesised by 
Clarke and Jones {ihid^ 170). 

(11) j8-Methyl-y-ethylpentane 

CH3-CH2-C(C2H5)CH(CH3)2 
b.p. 114-0°/760 mm. ; sp.gr. 0-7084 at 16715°; 
71^ 1-3996. Has been synthesised by Clarke 
(Amer. Chem. J. 1909, 39, 574). 

(12) Hexamethylethane C(CH3)3C(CH3)3, a 

crystalline substance ; m.p. 96°-97° ; b.p. lOfP- 
106°. Prepared by the action of sodium Jon 
<er/iarv-butyl iodide (Lwow, Bull. Soc. chim. 
[ii.] 35, 109). • ^ 

K -Octyl fluoride C3H15F, prepared from octyl 
iodide and silver silicofluonde, is .colourless 
liquid, b.p. 131°-134° ; Do 0-798 (Paterno and 
Spallino, ^tti R. Accad. Lincei, 1907, [v.] 16, 
ii. 160). According to §wart8 (Bull. Soc. Clfim. 
Belg. 1921, 30 (ii.) 302), it boils at 142-6°/755 rqpi., 
and has 0.-8120, o-8(^6, 1.3952^ 

P3970, 1-40175, li^3666. Sec- 

octyl fluoride boils at 139-3°. Mercury fluoride 
is preferable to silver fluoride for the preparation 
of aUphatio fluorides. • • ® 

Octyl chlorides. 

Normal chloride, otcJdorooctane 


CHaLOHJaCHaCl 

b.p. 179-6°-180°; sp.gr. 0-8802 at*16°, 0-87867 
at 16° (Perkin, J. pr. Chem. [ii.] 31, 496). 

PreparatioTh.— By the action of hydrocUoric 
acid gas on (fctyl ajcohol (Zincke, Aimalen, 162, 
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4). A limpid liquid, soluble in absolute alcohol 
and in ether, insoluble ih water. 

Secondary chlorides, (l) B-CMorooctane 
^H3[CH2]5CHC1-CH3, b.p. 175° (Bouis, Annalen, 
92, 3S8), 170°-172° (Schorlemmer, Chem. Soc 
Trans, 1876, 414»), 168°-172° (Pelouze and 
Cahoui-8, Annalen, 129, 91) ; sp!gr. 0-892 at 18° 
(Sohorlem»ier), 0-896 at 16° (Pelouze* and 
Cahours). • 

Formation.— By the action of hydrogen 
chloride or phosphoric chloride *on metbylhexyl- 
carbinol (Bouis); by the action of hydrogen 
chloride on octyleno (Berthelot, Annalen, 104, 
185); by the actioi* of chlorine on octane 
(litchorlemmer ; fV^urtz, J 1863, 509 ; Pelouze 
and Cahours). 

Properties. — A colourless liquid, with a strong 
smell of oranges. 

Jieaclions . — It does not precipitate salts of 
silver. It is decomposed by potassium or sodium 
in the cold, yielding dioctyl C1BH34. By re- 
peated distillation with sodiuii, hydrogen is 
evolved and octylene CkHij is formei 

(2) The octyl chloride prepared from petro- 
leum octane exhibits the same reactions as that 
obtained from the alcohol, but on .treatment 
with concentrated acetic acid and potassium 
acetate, octylene and octyl acetate are formed ifi 
equal quantities, whereas tlio chloride from the 


carbinol yields three time# as much octylene as 
octyl acetate (Schorlemmer, Annalen, 162, 152). 

(3) Diisobutyl chloride, b.p. 165° ; sp.gr. 
0-8824 at 10 '5° (Schorlemmer, ibid. 144, 190). 

Tertiary chlorides. (1) h-Ethyl-h-chlorohexane 
CH3-CH3-CCl(G2HB)CH2-CH.2-CHa, b.p. 155°. A 
liquid with a peculiar, unpleasant odour. Pre- 
pared by the action of phosphoric chloride on 
the diethylpropylcarbinoi (Bullerow, Bull. Soo, 
chim. [li.j 5, 17). 

(2) Diethyl isopropylcarbinol chloride, ^ 
Tiiethyl-y-eihyl-y-chloroptnUme, From diethyl 
f,s-opropyl carbinol and phosphorus pentachloride 
(Grigorovitch and Pawfoff, J. Russ. Phys. Chem. 
Soc. 23, 169). Boils at 150°- 155° with decom- 
positiol. 

(3) Imdibutol chloride. BSS-trimethyl-B-chloro> 

pentane (CH3)3C-Cn2-CC1(GH3)2. Boils with 
^decomposition at 145°-160° ; sp.gr. 0-890 at 0°. 
It is formed by the action of fuming hydrochloric 
acid on di isobutylene at 100° (Butlerow, Annalen, 
18V, 61). » 

Octyl bromides. 

(1) Normal, a-bromooctane CH3[CH2)i^CH2Br, 
•b.p. 198°- 200°; sp.gr. 1-116 at 16°; 1-1178 at 

13° (Perkin, Chem. Soc. Trans. 1896, 1237). A 
colourless liquid prepared by the action of 
bromine and phosphorus on n-octyl alcohol. 

(2) Secondary, B-bromooctane • 


CH3[CH2J3CHBr-CH3 

b.p. 187-6°-188-6° at 741 mm.; sp.gr. *1 -0989 
at 22° (Lachowicz, Annalen, 220, 186). 

Preparation. — By treating metbylhexyl car- 
binol with bromine and phosphorus, or by 
saturating the carbinol with hydrogen bromide 
at 0°, and heating for a few hours to 100°. 

Properties. — It is an oily liquid, resembling 
the chloride in smell ; it is soluble in alcohol but 
not in water. It boils with decomposition and 
leaves a carbonaceous residue when oistilled. It 
precipitates silver salts in alcoholic solution, but 
less readily th^ the iodide. 
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Octyl Iodides. 

Normal^ a-iodooc^^e CIT3[(/H2]eCHJ, b.p. 
220^^-222'^ ; sp.gr, 1*338 at 16° (Zincke, Annalen, 
152, 1). 

Preparation, — B^'' the action of iodinfe and 
phosi)horu8 or of hydrogen loj^idc on the alcohol 
(Moslingcr, ihih. 186, 66). It is a colourless 
liquiu which reddens on warming ; i;t is soluble 
in absolni-e alcohol or m ether, but insoluble in 
water (Zincke). 

Secondary io'dides. (1) ^-iodooctane 

It boils with decoinpositir in at 210° (Bonis, Ann. 
Chim, [iii] 44, 131); 193" (tS^uire, Chem. BOe. 
Trans. 1865, 108). 

Preparation . — By the action of iodine and 
phosphorus on methylhcxylcaibinol. It is an 
oily liquid with odour of oranges, reddening 
on exposure to light. With sodium or potassium 
it behaves like the chloride' When heated with 
mercury, mercurous iodide, octyleiie, and free 
hydrogen are lormed. The alcoholic solution 
precipitates silver salts 

[2) Octykne hydrioduU, bp. 120‘’; sp.gr. 
r33 at0°, r314 at 21°. An ambei -yellow liquid 
insoluble in water ; it is decomposed by light, 
Vind by the action of mercury in the cold. 

Tertiary iodide. Isadib'utol iodide, BShdri- 
meihy I- ^-iodo pentane , ((JH3)3ChCH2'C]((.!H3)2 is 
formed liy the action of hydriodic acid on 
diiwbutylene. It is decomposed by water 
(Butlerow, Annalen, 189, 62). 

Octyl ethers. Normal octyl ether (C 3 lTj 7 ) 2 (). 
From iwhejityl carbinol, bp. 280'^ -282“; 
ep.gr. 0’8060 at 17°, U’82U36 at 0'79° (Dobrincr). 
An oily liquid easily soluble m hot alcohol or 
ether. It is prepared by the action of sodium 
octoxide on the f.soprimary iodide (Moslinger, 
^id. 186, 67 ; Bobrin er, ilnd. 243, 10). 

Mixed ethers. Methyl normal ocAnl ether 
CHg'O'CgHj-, boils at 173°; sp.gr. 0*8014 at 
0°/6° (Dobriner, ihid. 243, 4), 

Ethyl mmnal octyl ether, boils at 189*2“ ; 
sp.gr. 6*8008 at 0“/0“ (Dobriner, l.c.). n 

Propyl normal octyl ether, boils at 207*0° ; 
sp.gr. 0*8039 at 0“/0“ (Dobriner, l.c.). 

Butyl normal octyl eether, boils at 226*7“ 
sp.gr. 0*8069 at 070“ (Dobriner, l.c.). 

Amyl normal octyl ether, bods at 220“ ; 
sp.gr. 0*6080 at <207 (Wills, 3, 1853, 509). 

Heptyl normal octyl ether, boils at 278*8“ ; 
sp.gr. 0;S182 at 0°/0“ (Dobriner, ii.e.). 

All are colourless, mobile liquids, soluble in 
alcohol and ether, but not in water, prepared 
by the action of iodides of the radicles on 
sodium octoxide (Wills). 

Octjt-l sulphides. (1) Primary sulphide 
(C8 Hi 7)2S. Boils with decomposition over 210“; 
sp.gr. 0*8419 at 17°/17“. A faintly -j^ellow mobile 
liquid '^soluble in warm alcohol, and miscible 
wdth ether. It is prepared by the action of 
an alcoholic solution of potassium sulphide on 
normal octyl chloride (Mdslinger, Annalen^ 
186, 60). Sulphuric acid forms with it a white 
amorphous mass probably of octyl sulpJione 
(CgHi 7)2802 ; mercuric chloride gives crystalline 
needles of C8Hi7S*HgOl2. It forms no com 
pound with the alkyl iodides. 

(2) Secondary suljfhidc. An oily liquid 
lighter than water and having an unpleasant 
smell. It is prepared by heatifig an alcoholic 


solution of sodium sulphide with secondary 
octyl iodide until the mixture becomes turbid, 
and then allowing the sulphide to soparato out. 
It is slightly soluble in alcohol and decomposes 
on heating. 

Methyl hexyl ketone C»Hi 3 *CO*CH 8 . A 
liquid with an aromatic odour, b.p. 171“ ; sp.gr. 
0*817 at 17“. It is obtamod as a by-product in 
the preparation of the alcohol, also by the 
oxidation of the alcohol, and by the distillation 
of a mixture of calcium oenanthylate and calcium 
acetate (Staedler, J. pr. Chem. [1.] 72, 241). On*' 
oxidation it yields acetic and caproic acids. 
With the acid sulphites of the alkaline meta^is 
it forms compounds which crystallise in pearly 
scales. 

Ethereal .salts of primary octyl. The 

following constants have been determined by 
Gai’teiinieister (Annalen, 233, 249) : — 

♦r Eatio of 

vol. at 

E 1 ) c 0“ „ Ep b p. to Specific 

o ‘^P P*" ‘^P sr- “(jcT vol at 0° volume 

Formate . 198*1 0*8929 ()*7166 1*2477 220*3 

Acetate . 210*0 0*8847 0*6981 1*2672 245*8 

.Propionate 226*4 0*8833 0*6860 1*2876 270*5 
But\iate. 242*2 0*8794 0*6751 1*3028 295*6 
Valerate . 260 2 0*8784 0*6618 1*3272 322*6 

(7aproate . 275'2 0*8748 0*6609 1*3440 349*6 

Heptoate. 290*4 0*8767 0*6419 1*3651 376*2 
Octoate . 306*9 0*8755 0*6318 1*3858 404*3 

These esters arc all colourless liquids soluble in 
or misi'ible with alcohol and ether. The first six 
arc jircpared by the action of the silver salts of 
I the acids on the bromides or iodides of octyl. 
The heptoate jh prepared by the action of sul- 
; phuiie and heptoie acids on octyl alcohol. The 
I octoate is obtaimul as a by-product in the 
i oxidation of octyl alooliol. 
i Normal octyl acetate occurs naturally in the 
! ethereal oil of IJeracleunx Sphondyhum (Linn.) ; 
i it is a mobile iiuid with a pleasant odour of 
i apples and a burning spicy taste. The butyrate 
I occurs in the oil of the seeds of Pcucedannm 
fiaiiviim (Bcnth. and Hook.). 

' Octyl acetoacetic ester Ci 4 H 2 , 03 , b.p. 280“- 
I 282“ (not corr.) ; sp.gr. 0*9354 at 18*5“/17*6“. 
i A clear, highly refractive liquid, obtained by 
I the action of sodium acetoacetate on octyl 
i iod-ide. It decomposes on hydrolysis into 
1 octyl acetone and octyl acetic acid (Guthzeit, 

! Annalen, 294, 2). 

I Octyl benzoate CjHj-COOCgHj,, b.p. 306“- 
306“. , A ci^ourlcss liquid with a weak aromatic 
odour easily soluble in alcohol and ether (Zincke, 
ibid. 152, 1). 

Z)ctyl sulphuric acid is prepared from con- 
centrated sulphuric acid and octyl alcohol. The 
hiriium salt Ba(C^Hj ,80^)2 forms large anhy- 
drous nacreous Jilatea very slightly soluble in 
hot water and alcohol. The potassium-salt 

forms a white soluble semi -crystalline mass with 
p soapy feel. ' 

Octyl nitrite, b.p. 175“-177° ; sp.gr. 0*862 at 
17“. Obtained by heatipg octyl alcohol satu- 
rated with nitrous acid to 100° (ICiohler, Ber. 12, 
1887). 

Octyl allophanate NHaCO-NH-COOCoHi,. 
Shining needles melting at 166“- 160°, soluDle 
in hot alcohol. Obtained by the action of ohloro- 
formdmide on the alcohol. 
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Ethereal salts of secondary octyl. 

From methylhexvlcarbinol. 

Secondary octyl acetate, b.p. 193° (Bouis, 
Armalen, 44, 135); 19r-192° (Dachauer, ibid. 
lOo, 269). A mobile liquid with a pleasant 
fraity odour, lighter than water, soluble in 
alcohol and ether, and also without change in 
not too concentrated sulphuric acid. It is 
easily saponified by potash. It is prepared (1) 
by the action of acetic acid or of an alkaline 
acetate and sulphuric acid upon the secondary 
alcohol ; (2) by the action of silver or potassium 
aqetate on the naloid compounds of the secondary 
alcohol ; (3) by the action of acetyl chloride on 
sodium octoxide. 

The monochloroaceiaie is prepared by passing 
hydrogen chloride into a mixture* of equivalent 
quantities of the alcohol and munochloroacetic 
acid and heating for 30 hours. H.p. 234° ; 
sp.gr. 0'9904 at 10°. It is a colourfeas neutral 
mobile oil with an ethereal odour and burning 
taste. It is soluble in alcohol and ether. 

The di- and tri-chloroacctatcs are prepared in a 
similar manner by substituting dichloro- or tri- 
chloroacetic acid. 3'he tnchloroacetate requires 
less heating. The former boils at 244°, the latter 
at 250°. They are colourless ethereal oils, 
lighter than water (Gehring, Compt. rend. 104 
1000). 

Secondary octyl nitrate CsHi^ONOa. A 
liquid -vith a pleasant smell resembling ethyl 
acetate. It begins to boil at 80° but soon decom- 
poses. It is lighter than water, is .soluble in 
alcohol, and is prepared by the action of silver 
nitrate on octyl iodide in alcoholic solution 
(Bonis). 

Secondary octyl nitrite C'sHi/) NO. A dark 
yellow mobile liquid, b.p. 105 °— 160° ; sp.gr. 
0’881 at 0°. Obtained by the action of glyceryl 
trinitrite on the alcohol^^ It is soluble m ether 
and chloroform, and is decomposed by acids 
and by alcohol (Bertoni, Choni. Zentr. 1887, 35). 

Secondary octyl sulphuric acid is obtained by 
the action of concentrated fuming sulphuric 
acid on methylhexyl carbinol. It is a colourless 
syrupy strongly acid liquid, easily soluble in 
water and alcohol ; the diluted acid is decom- 
posed on boiling into secondary octylic alcoho) 
and sulphuric acid. It dissolves iron, zinc, 
with evolution of hydrogen, and coinjiletciy 
neutralises the bases. ^ % 

The barium salt forms flexible nacreous 
plates containing three molecules of water on 
separating from a hot solution, or miliAmillary 
aggregations with two molecules of water on 
evaporating in a vacuum. It is soluble in watyr 
and alcohol,, and has at ^^rst a bitter, then a 
sweet taste. It turns red on standing, blackenB 
at 100°, and decomposes without melting. 

The calcium salt forms white laminae with a 
soapy feel and bitter taste. ’* 

The 'potassium sah KCbHi 7 S 04 ,|H 20 forms 
white shining plates with a greas^eel ; the taste 
is at first bitter, then sweet? R is soluble in 
water and alcohol, reddens and is decomposed 
at 100°. • 

Octyl phosphoric acjd is formed by digesting 
octyl alcohol with glacial phosphoric acid. It 
forms. soluble salts with lead or barium (Bouis). 

Octyl palmitate and stearate are formed 
by prolonged gating of the alcohol with j^he 
respective acias to 200° in sealed tubes. The 
VOL IV.~T. 


626 

palmitate melts at 8*5°,«the stearate at — 4‘6° 
(Hanhart, Compt. rend. 47^230). 

Octyl carbamate is formed by the action of 
cyanogen chloride on the alcohol, b.p. 136° 
(under 20 mm. pressure). It is very soluble in 
alcohol, from which it separates dut in colourless 
crystals melting at 64°-55°. At ordinary pres- 
[ sures it boiT.s with decomposition at 230°-232°, 
with partial conversion into cyanuric awd. 

Octyl thiocyanate O^Hj/S-CN, b.p, 142°, is 
formed by the action of KUNS on the secondary 
iodide (Jahn, Ber. 8p805). 

Octyl thiocarbimide : CS. A colour- 

Ios| liquid, b.p. €34°, formed by Hofmann’s 
reaction from octylamino by mixing with carbon 
disulphide in alcoholic or ethereal solution, 
evaporating to dryness and adding silver 
nitrate, or mercuric or ferric chloride to the 
solution of amine salt of the? resulting carba- 
minic acid, and distiiyng in steam. 

Octyl thiocarbamide (<„Hi 7 -NIl CSNH-„ m.p. 
112 5°, formed by the action of ammonia on the 
])rcceding compound. It is soluble in alcohol 
and other, and separates out from its solution in 
^olourh'ss laminoo (.Tahn, Ber. 8, 803). 

OcTYLAMINE.O. i 

Only the following have boon prepared — 

(1) Primary amine*. 

(а) Normal octylamine, a-amimoclane 

is prepareel by healing n-octyl iodide with 
alcoholic ammonia to 100° (Renesse, Annalen, 
166, 85). It is also produced by treating octyl 
alcohol with animonio-zino chloride at 280° 
(Merz and Gasiorowski, Ber. 1884, 629); and 
by reducing nitrooctane v\iih iron filings and 
acetic acid (Eicblor, ibid. 1879, 1886) ; and in a 
purer condition by decomposing octyl pbthal-’ 
irnide with concentrated hvdrochlonc acid at 
200° (Mugdan, Annalen, 298“ 145). 

It IS a colourless basic oil which takes up 
COa frora^the air, and boils at 175°-177°/746 mm. 
In contact with water it forms white crystalline 
needles. With bromine and potash an oily 
compound C^Hj^NBr^ is/ormed, which is con- 
verted on boiling with soda into heptyl cyanide 
CjHjgCN (Hofmann, Ber. 1884, 1920). The 
hydrochloride. CsHi 7 NH 2 ,HCl is easily soluble in 
wat(^* and alcohol ; the platirtichloride 
(0«Hi7NH2)2H2PtCle 

f(Vni3 yellow leaves soluble with difficulty in 
alcohol and water ; the picrate 

C3Hi7NH2.C,H2(N02)30H 
crystallises from alcohol in oblong tables, 
molting at 112°-114° (Hoogowerff ana Dorp, 
Rec. trav. chim. 6, 387). 

(б) Secondary octylamine, ^■amiuoocta'net is 
prepared by treatm;,^ secondary octyl iodide 
from castor oil with ammonia ; or methyl hexyl 
carbinol with animonio-zinc chloride at 280° 
\Merz and Gasiorowski, Ber. 1884, 364), It 
boilfcf at 162*6° (Jahn, ibid. 1876, 806) ; 176° 
(Bouis, J. 1866, 526) ; sp.gr. 0*786. It is a 
colourless, bitter, very caustic inflammable liquid 
with an ammoniacal fishy odour. is insoluble 
in water, but precipitatgs metallic salts and 
dissolves silver chloride. On heating with 
secondary octyl iodide, ammonium iodide, octyi 
lene, polyoctylen:i3 and the iodide of secondary 

2 8 
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octylamine are fotmei^ (Jalin, l.c.). The hydrio- 
dide. OgHooNl formL large plates easily soluble 
in water ; the hydrochloride CgHjjoNCl is a very 
deliquescent solid which crystallises V(icu6 
in large nacreous plates ; the aurirMoride 
CgH2oNAuCl4 ( forms shinirlg yellow laminse, 
resembling load iodide ; the plntinichloruic 
(GgHjQ^OgPtClfl separates from boihng solution 
in bnllmnt g<dden yellow scales soluble in 
alcohol or ether. 

(2) Secondary amines. 

(a) Dinormal octylamkie (C8Hj7)2NH is 
produced together with ?? -octylamine by the 
action of ammonia on'’ octyl iodide (Renesse, 
Annaien, 106, 85) ; or by treating octyl alcc^ol 
with ammoiiio zinc chloride at 280'- (Merz and 
Gasiorowski). It crystallisi'sin needles, melting 
at 20", and boiling at 297''-208'’. It is soluble 
in alcohol an<l otLor, and has a strong tallow -like 
odour. The hydrochloride forms jilales soluble 
in alcohol ; the plai inichloridc 

(C,eH,,H-HO!)2-rt(n4 

crystallises in small scales. 

{h) Di-secondary-octylamine (Cj,Hjv). 2 Nll la 
prepared by heating methyl hexylcarbinol and 
^ ammonio-zinc chloride to 280° (Merz and 
* (rasiorowski). It is an oil with an aromatic 
odour boiling at 2()()°-270°. The hydrochloride 
CjaHjialSIGl forms Aniall leaves; the platim- 
chloride ((^ijlia.N’HCI) d‘t0l4 forms a brown 
mass ; the aurichlonde jgNlIAuCl^ crystal- 
lises from alcohol m golden yellow laminae. 

(2) Tertiary amines. 

{a) Tri-normal-octylamine ((',Ui7),N is 
formed in moderate quantity along with the 
mono- and di- eompounds by heating octyl 
alcohol with ammonio-zine chloride to 200°- 
280°. When pure it forms a white crystalline 
'‘mass, but is usually obtained as a nearly colour- 
less oil of agreeable odour. It bods at 2ri5°-207°, 
is readily soluble in ether and absolute alcohol, 
but not in Avater. Most of its salts are liquid : 
the plaUnichlond e (((l8Hj,7),NH(Jl)„PtCl4 forms 
a glutinous mass insoluble in water. 

{h) Tri-secondary-octylamlne is 

obtained in the same way from methylhexyl 
oarbinol. It is a liqiiid boiling at 270°. 7t 
forms an oily hydrochloride. Tho plait mchloridc 
(Ga^HpiNHClljPtGi^ is a reddish-brown resin. 

“Primary odyl phosphine. B.p. 184°-] 87'; 
sp.gr. 0‘8209 at 17°. A limpid, mobile, highly 
refractive liquid, soluble in alcohol, ether, 
benzene, and glacial acetic acid. I< is obtained 
by the action of i)hos})honium iodide and zinc 
oxide upon normal octyl iodide at 170° (Mos- 
linger, Annaien, 185, 65). 

Nitfic acid oxidises the solution in glacial 
acetic acid to ociylphonphinic and, an amorphous 
compound soluble in hot acetic acid. Oxygen, 
bromine, and iodine act energetically upon 
octyl phosphine than upon the phosphines of 
the lower members of the series. Fuming 
hydriodic acid forms octyl phosphonium iodide* 
PH3G^Hi7l, a semi -crystalline mass vfhich 
decomposes on standing, or on solution in ether 
or benzene. 

Octonitrllo, heptyl cyanide G7H15CN, boils at 
194°-195°; sp.gr, 0;820] at 13*3° (Fellotar, 
J. 1868, 634); b.p. i98°'-200° (Hofmann, Ber. 
1884, 1410). I 

w-Octyl cyanide, pelargoni^ nUrm, boils at 


214°-216° ; sp.gr. 0’786 at 16°-/#’ (Hell and Ki- 
trosky, ibid. 1 891 , 986 ; Eichler, ibid. 1879, 1888). 

Octoamide, caprylatnide C7Hj5CO*NH2, orys* 
tallises in leaves melting at 97°-98° (Aschan, 
Ber. 1898, 2348), 110° (Felletar, J. 1868, 624). 
It is prepared by dropping the acid chloride into 
ammonia (Aschan, l.c.), or by heating ammonium 
octoate (Hofmann, Ber. 1882, 983). It is very 
slightly soluble in boiling water, and not at 
all in cold. 

Nitro-octane. A liquid boiling at 206°-212b 
obtained together with octyl nitrite by the action 
of silver nitrite on primary octyl iodide (Meyor, 
Annaien, 171, 23 ; Kichler, Ber. 1879, 1883). 

Octyl nitrolic acid GgHj^NO-NO,. An oily 
body formed from nitro-octane by saturating 
its solution hi' 10 volumes of water with nitrous 
fumes Goncentrated sulphuric acid decom- 
posed it into octoic acid and nitrous oxide 
(Kiehlcr, Ber. 12, 1885). 

Benzene Derivatives of Primary Octye. 

Octylbenzene G^H.-GsHi; A colourless oil 
with a sweet taste, b.p. 261 °-263° ( uncorr. ) ; 
sp gr. 0‘H49 at 15"/15°; b.p. 262°-264° : sp.gr. 
0 852 at 14° (Ahrens. Ber. 1886, 2717) (Scliwei- 
nitz, ibid. 640). it is obtained by the action 
of sodium on a mixture of bromobenzene and 
normal oc.tyl bromide in ethereal solution ; or 
from bromobenzene, normal octyl iodide and 
sodium (Lejunski, Ber. 1 898, 938). it is miscible 
with alcohol, ether, or benzene. 

Chloro-octylbenzene Cflll^ClG^Hj 7 is a yellow- 
ish odourless oil soluble in alcohol and ether, 
b.p. 270°-27t5°. It is prepared by the action of 
elilorine and iodine on octylbenzene (Ahrens, 
Ber. 1886, 2719) 

Bromo-octylbenzene G8ll,7’C;BH4Br, b.p. 
285°-287°, resembles the ehloro derivative, 
and is jirepared by warming octyl benzene with 
bromine Avater (Hcliweinitz, Ber. 1886, 642). 

p-Iodo-octylbcfizene. A heavy oil, b.p. 218°- 
326°, prepared from p-amino-octylbenzeno 
(q.v.) by the diazo- reaction (Beran, Ber. 1885, 
136). By treating oetylbenzime,, diluted with 
petroleum, with iodine and mercuric oxide, a 
yellow oil IS obtained, which is jirobably identical 
with the preceding compound. 

■ Tlie corresponding derivative of the secondary 
alcohol (from castor oil) is a yellow oily liquid, 
b.p. 204°- 205°. On oxidation with chromic 
acidjboth yield p-iodobenzoic acid. 

w-NDru-octylbenzeneN02-CBH4-C8Hj7. Crys- 
talli.ses in long needles which melt at 122°- 
1^4° and sublime at a high temperature. It is 
prejiarcd by the action of fuming nitric acid 
1^)011 octylbenzene in the cold. It is slightly 
soluble in alcohol and chloroform. With potas- 
sium jicrmanganate it yields m-nitrobenzoio 
acid (Ahrciis, Ber. 1 886, 2725). 

o-Nitro-octylbenzene Is a thick yellow 
aromatic oil which decomposes at 100°. It is 
^prepared by treating octylbenzene with fuming 
nitric acid and warming after filtering off the 
])reeipitated crystals of m-nitro-octyl benzene 
(Ahrens, l.c.). 

P-Nitro octylbenzene which forms small 
yellow lustrous needles melting at 204°, and 
soluble in alcohol or ether, is found in the 
resjdue from the meta- and ortho- compounds 
(Ahrens, l.c,). 
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Dlnltro-octyUtezene ,*C,H3(N02)3 torme 

crystals melting at 226^ but subliming' below 
this temperature. It is soluble in alcohol and 
ether and is formed by the action of fuming 
nitric acid on the crystals of the meta- com- 
^ pound (Ahrens). 

0 ■ Amino -octylbenzene hydrochloride 

C8H/CeH,-NH,,HCl 

occurs in small lustrous white j)latc8 which 
redden on heating. It is formed by reducing 
tne nitro derivative with tin and hydrochloric 
acid (Ahrens, Ber. 1886, 2717). 

^-Amino-octylbenzene, a colourless ’liquid, 
b.p. 310'^--311, volatilises in steam. It is ob- 
tained by the action of aniline hydrochloride, or 
of aniline and zinc chloride on primary octyl 
alcohol (from Heracleuw. oil). A similar deri- 
vative may be prepared from the secondary 
alcohol (from castor oil), b.p. (corr!) 

(Beran, Besr. 1885, 132). 

• Formylphenoctylamine, formylami no -octyl - 

benzene is obtained by 

the action of formic acid on /i-aiiiinoctyi- 
benzene. It forms scales wdiich melt at 56" 
and are soluble in alcohol or other (neran, Ber. 

• 1885, 135). 

Acetylphenootylamine, (fcdylarn i no-ociylhcn - 
zene formed from p- 

amino-octylbenzeno and acetic anliydride. It 
forms thin plates melting at ')3", and soluble 
in alcohol or ether (Beran). 

Benzolphenoctylamine, henzoylu m i vo-octyl- 
benzene (l8H|7’(Jgll4NlIBz, is obtained from 
;>-amino-octylbenzenc and benzoyl chloride. It 
forms scales melting at 117" and soluble in 
alcohol or ether. The corresponding derivative 
of the secondary alcohol forms white needles 
melting at 109" ’(Beran). 

p-Octylbenzonitrile is obtained by distilling 
formylphenootylamiiie mth zinc-dust; b.p. 
312®. It is converted by oxidation into p-octyl- 
lenzoio acid. 

Octylbenzene sulphonic acid; A thick syrupy 
.strongly acid liquid formed by the action of 
Nojrdhausen acid on octylbenzene, Silver salt 
C8Hj,'CgH4’S<)3Ag,Ho(I. Barium salt I 

(Ci,H,,S03),Ba,H,0 

Lead salt (Cj4H2iS03)2Bh,3H,0 (Sehweinitz,* 
^ Ber. 1886, 640). 

Toluene Derivatives of Primary t)OTYL. 

Amino -octyltoluene {Toloctylamine)^ ^ 

C8Hi,C8ll3MeNHa • 

is prepared by treating the normal alcohol 
with o-tolui^ino and ziiig chloride. It is • 
colourless oil which boils at 324"-326°, anc^ 
forms a well-crystallised hydrochloride, sulphate, 
and .oxalate (Beran, Ber. 1885, 14t)). 

* AcetyltoloctylamineCglli^’O^Hg’NI^c forms 
slender white needles, u|.p. 81®, soluble in alcohol 
and ether (Beran, l.c.). 

Benzoyltoloctylamine C^Hirr^Hg'NHBz 
forms lustrous scales, m.p. 117 , soluble in 
alcohol. These toluene derivatives are prepared 
in a manner analogous to the corresponding 

benzene derivatives (BeAn, Z.C.). ^ 

Thiophen Derivatives of Primary Octyl. 

(Schwein^z, Ber. 1886 , 644 ei*<eeq.) ^ 

Octylthiophen CgHi7*r*HaS is formed by the 
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action of sodium on oct;^l bromide and iodo- 
thiophen, b.p. 257®-259® ;• sp.gr. 0’8181 at 
20-5V2Q-5®. It is soluble in ether. 

Bromo-ootylthiophen C4SH2Br-0,H,, boils at 
285®-2&u® and solidifies at 5". 

lodo-octylthlophin (J4SHI’(i8B^, is a yellow 
oil which solidifies at 0® ; sp.gr. ] *2614 at2()"/^0®. 
Both the brftmo and iodo compounds are pre- 
pared analogously to the coiTesp'mding tenzene 
derivatives. • 

Octylacetothienone C8Hi7’C4SH2-COMe, an 
oil with a garlic-hke #dour, b.p. 350®- 356", and 
Octyldiacetothienone (’«lf,7’(\SIl(COMe)2, a 
yellow syrup, are *pre])fTred by the action of 
acetyl chloride and aluimiinim chloride on o*tyl- 
thiophen. 

Octylthiophen -di-carboxylic acid 

C8H47-C4SH((U)()H)2 

is obtained in microscopic needles melting at 
185®, by the action of "(lotassium permanganate 
on the mono and diacctyl dmivatiM»cs. Barium, 
cop]>er, and silver salts have been preyiarerl. 

^^-Methyloctylthiophen (’8Hj7 ti4SIi2Me is 
•Chained by the action of Hodmui on |6^-methyl 
io(lothio})hen and octyl hromule. J4 is a 
colourless oil boiling at 270®-275", and on 
strongly cooling it solidifies to a crystalline mass 
which melts at 10®. 'J'he monohromo derivative 
f'8H4,(l4SllMeBr melts at 204'. 

OCUBA WAX V. Wax. 

ODONTOLITE v. Torquoise. 

ODORINE. A volatile base found by Un- 
verdorhon in hone-oil. Probably impure pico- 
liuo. 

ODOUR AND CHEMICAL CONSTITUTION. 

The means at our dispo.sal for measuring odour 
arc so unsatisfactory that great difficulty con- 
fronts the investigator of the relations between 
odour and chemical constitution, ffoiours can 
he mvestigaled by the spectroscojie and resolved 
into components of known Avave lengths bearing 
a defiiiik' relationship to each other, and our 
ktiovvledgo of the relation of the colour of a 
suhstanee^bo its chemieal constitution has been 
greatly advanced by the study of absorption 
spectra in the infra-red and ultra-violet regions. 
Alojiresent wo are withouf knowledge as to the 
physical basis on which odour depends, and 
observers are not even agreed as to the most 
probilble conjecture ; W’e know of fio instrument 
which IS affected by the odour of a substance, 
and we cannot record smells or trace rolatiou- 
shfljs between thorn. 

In order that an odoriferous substance may 
be detected by the nose, it is essential that the 
substance should be volatile. Although the 
conditions which produce odour and volftQity 
are frequently the same, it is possible to have a 
volatile substance, such as water, entij^cly 
without smell, so tiny} it is clear that the 
conditions which produce odour and volatility 
are not identical. Hince ammonia, with a 
ftofccular weight less than that of water, is 
odortms, the lack of odour in water cannot be 
explained by assuming that the molecular 
weight of water is below a limiting value neces- 
sary to produce odour; the nasal nerve endings 
being soaked in water are jirobably unaffected 
by it It is possible that a substance, apparently 
odourless, n^ht possess a chemical constitution f 
which woulff condition odour if the substance 
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could be obtained inrii volatile state at a tem- 
perature suitable ffr examination. The limits 
of sensitiveness of odours and emanations were 
investigated by Berthelot, who found ^hat the 
odour of iodoform is detectable when 1 gram of 
1 ' 
lO^a 


one hundred years the loss from f'grara under 
the conditions of the experiment would be less 
than 1 mg,, and with musk the loss of weight 
associated with the perception of odour is 1000 
times less (Compt. rend. 124‘.)). 

Two properties of odours may be recognised, 
intensity and quality, 'of which intensity q,lone 
lends itself to quantitative measurement. 
Various olfactometers have been described {cf. 
Van Dam, Arch. Neerland Physiol, J017, 000), 
which compare the intensity of odours by 
determining the» dilution at which the odour is 
perceptible. The quality of a smell may be 
profoundly influenced by dilution, a substance 
which in conhontrated form is highly objection- 
able, becoming exceedingly pleasant when 
diluted. The odour of a sulistance is also greatly 
changed by the presence of impurities. o 

The'solubility of an odoriferous substance has 
boon described as of importance. Packman ( J. 
physiol, path. gen. 1917, 1) contends that for 
a substance to bo odorous it must not only bo 
volatile but it mi?st be soluble in water and 
in lipins, in order that it may come into contact 
with the cells of the receptor organ for smell, 
which are covered with a watery fluid containing 
lipin granules. Kremcr (Arch. Neerland Physiol. 
1917, 715), using a spectroscopic method, has 
shown that when air saturated with an odori- 
ferous substance, c.g. pyridine or camphor, is 
bubbled through a suspension of li])iri in water, 
more odoriferous substance is absorbed than 
when the saturated air passes through water 
alone. Odour seems to vary independently of 
such physical properties as colour, refraction, 
and specific gravity. The molecular weights 
of odoriferous substances lie between 1 7 and 300 
(Zwaardemaker, Arch. Neerland Physiol, 1922, 
336), but within these limits no connection 
between the odour pnd the molecular weight 
has been satisfactorily established. Inde»».d, , 
the fact that substances of the same molecular 
weight have ^uite different odours, e.g. vanillin 
and oitral, would appear to show that the’^effect 
on smell must be looked for in some property 
otheif'than the weight of the molecule. It is 
true that as we ascend a homologous series Ve 
reach a maximum intensity of odour which then 
diminishes as we ascend the series, but the 
maximum is reached at quite different molecular 
weignls in the different series of compounds. 
Durrans gives an interesting table, showing the 
influence of the molecular weight in certain groups 
of compounds (Perfumeiy llecord. May, 1919): 
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No direct connec\;ion between odour and any 
one physical property has yet been satisfactorily 
established, though much interesting work has 


been done, and valuable suggestions have been 
made. Tiemann observed that optically active 
compounds had a more intense odour than their 
racemic isomerides (Ber. 28, 2117). Tyndall 
suggested that there was a connection between 
intensity of odour and the power of absorbing 
radiant heat, but Grijns (Arch. Neerland Physiol, 
1919, 37) failed to detect any such relationship, 
and concluded that the olfactory apparatus was 
not affected by the liberation of energy absorbed 
from radiant heat. Durand (Compt. rend. 
1918, 129) suggested that smell is caused by the 
retention in the nose of odorant ions ; »/ in 
support of this view he urged that both musk 
and camphor greatly increase the condensing 
power of dust-free air for aqueous vapour. 
The relation of electrical phenomena to intensity 
of smell has also been studied by Zwaardemaker 
(Aba. Cht^m. 8oc. 1917, ii. 62; 1920, ii. 75), who 
obaerved that positive electric charges were 
produced by spraying aqueous solutions of 
odorous substances. Using aliphatic alcohols 
and acids he showed that when the solutiona 
were diluted imid the electric phenomena were 
only just appreciable the smell also could only 
just be detected ; both projicrties depended on 
volatility and the lowering of the surface tension 
of the solvent. The diamagnetic properties of 
odoriferous substances have also been ex- 
amiru'd by Zwaardemaker and llogcwond (Arch. 
Neerland Physiol. 1920, 224), who, how^ever, 
failed to find any marked correlation between 
these two piopertics. 

Tcudt ((!hcin. Centr. 1919, 138), starting 
from the standpoint that the origin of odour 
must be within the molecule, attributed its 
cause to the vibrations of the valency electrons. 
He pointed out that whereas the molecule of 
chlorine is intensely odorous, the chlorine ion 
does not produce odour, in the chlorides for 
instance, and he suggested that the electron 
vibrations of the nasal sensory nerves were 
increased by resionanco when odoriferous par- 
ticles having corresponding intra-molecular 
electron vibrations were drawn into the nose 
mixed with air. A similar theory has been put 
forward byKodama (J. Tokyo Chem. Soc. 1920, 
975 ; cf. lingerer and Stoddard, Ungerer's Bull. 
1922, 3, 7). Teudt’s theory has been adversely 
criticised by Heller (American Perfumer, 1920, 
305), anp’ by otho^;B. 

In all these attempts to correlate both the 
physical properties and the chemical structure 
with tlIjiS property of odour, we are met with 
the difficulty of comparing different classes of 
qdour ; the unsatisfactory nature of our standard 
of comparison of odnurs is apparent from the 
descriptions used in designating the members 
of any series oi compounds. The terms lemon- 
like, flower-like, camphor-like, musk-like, and 
so forth eUlo used ; there are a certain number of 
well-defined odours to ^hich we refer as fg^r 
as we can, l^ut we are without knowledge of 
any relation betv^en these various characteristic 
odours. It is true that os early as 1866, Piesse 
(Des Odours des Parfums et des Cosmetiques) 
arranged all known perfumes in order of vola- 
tility, and produced a scale of six and a half 
octaves from patchouli to civet .(Perfumery 
Record, 1919, 268). Later Linn6 introduced ft 
classification of odours which ha^been somewhat 
modified by Zwaardemaker (kc.), who claims 
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that the classes of odour differentiated by 
modern work on the rapidity with whjch fatigue 
is induced coincide with some of the sub-classes 
of this classification. Nine classes arc here 
recognised: (1) ethereal odours ; (2) aromatic 
odours, which powerfully ex(;ite olfactory sensa- 
tions but do not produce much fatigue and are 
rapidly lost by evaporation — these a re subdivided 
into (a) camphoraceous odours, c.y. eucalyptol 
and camphor ; (6) almond odours, e..g. benzaldc- 
Hyde, nitrobenzene, and acetophenone; (c) 
citral odours, including citral and the cyclic 
lirmonene ; (3) fioral or fragrant odours — these 
can be greatly diluted while still continuing to 
excite olfactory sensation but easily induce 
fatigue ; (4) ambrosiac odours, c.q. musk ; (6) 
ally! and cacodyl odours ; (b) ??mpyrcumatic 

odours, containing the benzene hydrocarbons 
from benzene to durene ; (7) hirmn odours, 

including the fatty acid senes ; {8} rejmlsive 
odours (Linn6), such as pyridine and qumolftic ; 
(0) foetid odours, such asinrlol and skatol. The 
differentiation between the various classes is 
not always sharp, and niembeis of the same 
homologous series with similar striudurcs may 
belong to quite difi'cront classes. 

Many attempts have been made to correlate 
the presence of odour with the jiosscssion of 
certain definite atomic groujis. Here we are 
met with the anomaly that substances contain- 
ing quite different groups and even of quite 
different structure may produce odours which 
are indistinguishable, e,g. irinitro butyltoluenc 
(artificial musk), and the ketone, muskone which 
forms the charactcrislic constituent of natural 
musk; the close resemblance of the smell of 
benzaldehyde to that of nitrobenzene and the 
similarity of the odours of horny 1 acetate and tri- 
chlor tertiary butyl alcohol afford other examples. 

Von Liebig suggested that the odour of a 
substance was connected with its tendency to 
undergo oxidation, and claimed that those 
ethereal oils which! were mogt easily oxidised 
had most smell. Wokcr (J. Phyaikal. Chem. 
1906. 455) accepted the view that volatility and 
odour were produced by the same conditions 
and resulted from a stale of strain within the 
molecule. Other conditions being the same, 
the intensity of odour increased as the degree oi 
saturation diminished. Thus a triple Imkiwg 

C ’uoed a mori* marked ejjfeet than^a double 
, and generally the effect was intensified by 
increasing the number of double bon^ in the 
molecule, Woker laid stress on the ift^orCanee 
of the unsaturated linkages, and attributed both 
volatility ^nd odoui to the intramolecular 
tension, and consideredi that both increa^d 
with an increase in the intramolecular rcpulsiwe 
forces. The introduction of sijjnilarly charged 
groups into the molecule would iucrease the 
repulsive forces, but groups with %;harges of 
opposite signs woulfl dimmish both volatility 
and odour. Volatility is markedly increased , 
by loading a carbon atom with identical groups,^ 
and at the same time the camphoraceous odour 
of the tertiary carbon aompounds results. 

JKdimont (Bie syp^hetischen und isolirten 
Aromatioa, 1899 ) Umited his survey t» ‘ aromatic ’ 
substances having a pleasant odour, and con- 
nected with this property the presence of certain 
groups which ^e designated as aromatop^rs. 
These comprised the groups charactenstio of 


alcohol, aldehyde, ketonjj, carboxyl, carboxyl 
ester, lactone, phenol, mt|D and thiocyanide 
compoqnda, with certain nitrogen-containing 
radicles. He regarded both quality and in- 
tensity^of aroma as depending on these groups, 
which varied greafly in the effect they pro- 
duced. Thus the feebly smeUmg pyrocatechin 
1.2.C*H4(OIi)2 when one OH group is replaced by 
a methoxy group is converted to the sfromatic 
guaiacol, and this in turn is oonyertod by the 
introduction of the potent aldenydo group to 
the intensely smelling vanillin 

l.3.4.0„H3-0y-0CH3.CH0 

it Iftis been noted* that the 1.3.4. positicfis in 
the benzeno ring are particularly favourable 
for the development of smell. Again, the re- 
placement of the group _g>CH 2 by the 

groups —OH and --^OOHg is seen in the change 
from safrol to the irftense carnation odour of 
eugenol. Klimont drew attention to the 
imjiortance of the double bond and of its position 
in the molecule and to tbo much less pleasant 
gilbjct of the triple bond, and pointed out that 
in a homologous scries to some extent the 
intensity of the smell was a function of tho 
boiling-point, but that marked changes in tho • 
quality of the smell also occurred, e.g. aldehydes 
and acids both produce uniJeasant acrid odours 
m the lower members of the series, mildly aro- 
matic odours in the higher members. Similar 
ideas have been expressed by other writers ; 
the term ‘ odoriphor ’ was suggested by Zwaarde- 
maker, and ‘ osmophorie group ’ was intro- 
duced by Rupe and Majewski (Ber. 1900, 3401), 
these groups being similar to the aromatophors 
of Klimont; they comprised the groups —OH, 
=0, -COMe, -OMe, - CHO, -NO^ -ON, -Ng 
(triazo), the last-named four groups being very* 
similar in their effects and producing similar 
odours in analogously constituted sub^stances ; 
instances of this are seen in the similarity of 
benzaldehyde, nitrobenzene, and cyanoberizene, 
and of ^amllin jp-nitroguaiacol, and 2 :>-cyano- 
guaiaool. 

Cohn introduced two new terms — * enosmo- 
l^or ’ for a group producing a pleasant odour, and 
‘ kakosmophor ’ for a group producing a disagree- 
able odour — but this differentiation does notseem 
helpful. Marchand (Beutsch. • Parfum. Ztg. ^ 
1915, 232), differentiated between the class of 
odour and its shade or tinge, and regar<ied the 
fermer as determined by the non-osmophoric 
part ot the molecule, the latter by the osmo- 
phoric group. Prins (Perfumery Record, 1917, 
222) preferred to regard all groups as osmo- 
phoric, but differing in strength. It is obvious 
that the benzeno nucleus confers a certain 
similarity of smell on its derivatives which the 
substituting osmophorie group docs not eiftirely 
overcome; the alijThatic hydrocarbon chain 
exerts a comparatively slight influence, so that 
the entering osmophor has more effect, and the 
odours of the alcohol, aldehyde, and acid in the 
fatty series are more strongly differentiated than 
in the benzene series. Comparisons of the 
odours of certain closely related substances 
have been carried out by various observerjj, 
such work being of impifrtance from the point 
of vi^ of synthetic perfumes, where a slight 
modification in ^h© constitution of a compound 
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may produce a useful ^fference in odour, as well 
as from the theoretical standpoint of the rela- 
tion of odour to constitution. As an instance, 
tho work of Austerwoil and (bchin (Conipl. rend. 
160, laws ; 151, 440) on geranio and road odours 
may be quoted. Gcraniol is ^u epresented by tho 
formula : * 

' H H H CHH r 

CKg-C-C-O -0-C-0-CH,0H 
Clja H H 

Substitution of either one or two of the hydrogen 
atoms of the alcohol radicRs by the methyl and 
ethyl groups give oonvjuunds very simdar in 
odouf to the original compound. With *the 
introduction of the iaobiityl or phenyl raihcle 
the smell is lesa intense, and in the latter case 
becomes somewhat rose-hke in character. 
Closing the ring produces a marked effect, for 
in methyl cyclofferaniol the odour almost dis- 
appears. Reduction of the double bond 
changes the character of the smell, giving a 
more rose-hke odour. Substitution of one or 
two hydrogen atoms of the alcohol grqup by 
the methyl or ethyl groups has here also little 
effect upon the odour ; tins becomes less*' 
distinct in the propyl and butyl comjiouiuls, 
but the rose odour is intensified by the mtio- 
duction of the jihenyl group. A systemalie 
review of odorous compounds was made by 
Durrans (Perfum. Record, May 1010), who 
regarded as unsatisfactory the suggestion that 
all groups are osmophorie ; he considered the 
possession of ri^sidual valency as the essential 
attribute of tho osmophor. In hydrocarbons, 
for instance, tho benzene nucleus <‘xeits niiieh 
more influence on odour than the fatty hydro- 
carbon radicle ; the addition of two hydrogen 
atoms to the ring greatly increases the odour 
which diminishes with the successive addition 
^^f two pairs of hydrogen atoms. Thus the most 
unstable condition is associated with the most 
marked odour. Tho failure of the presence of 
two osmophors in glycol to produce odour is 
explained by representing the oxygen j-;, toms of 
glycol with bound valencies as expressed in 
the following fonnulte : 

/ RCH-OH 

it I II 

K-CHaO-H R CH OH 

Alcojiol Wlycoi ^ 

It is diffioult, however, to accept the suggestion 
that oxygen in the esters and lower acids should 

bo represented as in the formula 

in the higher acids ‘ where R is large ’ as in the 

formuk R-C^ [j , a formula suggested on 
\0— H 

other grounds for tho carboxyl group (r/. 
Smediey, Trans. Chem. Sqic. 1909, 231). It 
soems unnecessary to introduce a different form ula 
for the higher and lower fatty acids when 
increase of molecular weight leads to loss of 
smell in every series of compounds, as Durrans 
clearly pointed out. The view that the stimulus 
of the olfactory nerve endings is brought about 
by some kind of chemical combination between 
the odoriferous substance and the substance 
of the nerve ending^’ has found considerable 
Bupport (cf. Duixans, l.c. j Tschirch, AJ)S. J. 
Chem. Soo., 1921, i. 756), and founded on the 


importance of the residual valencies in condition- 
ing odour. Such a method would certainly present 
a wi<ie divergence from what we know as to the 
means of stimulation of the other sense organs. 

The main conclusions from the above 
statement of tho present position of the subject 
are : (1) It is clear that in order to be odorous 
a substance must be volatile, and that a sufficient 
rise in molecular weight diminishes the vola- 
tility, and when a sufficiently high molecular 
weight is reached the odour is lost. (2) Groupt 
of atoms vary much in the effect they produce 
when introduced into a compound, but many 
groups have a recognisable and characteristic 
effect. Groups with residual valencies are most 
potent in their effect ; essentially different 
groups of atolns may, however, jiroduce odours 
which closely resemble one another. The 
position of the double bond in the molecule and 
the position of the substituents in the benzene 
ring exercise a great effect on odour. (3) At 
present all attempts to regard odours as pro- 
duced by the summation of the projieriies of 
a senes of groujis of atoms have been un- 
aiicccssful, and it is perinissiblo to draw the 
conclusion that it is to some property of the 
whole molecule wo must look for its cause. 
AVhetlier the theory of Teudt is correct, that it 
is llic vibrations of the valency electrons in the 
molecule whi^h cause smell or whether some 
other hypothesis will prove more Iruitiul, the 
osmophorie groups appear to act through their 
infiuence on the whole molecular structure, and 
the whole molecule ajipears to be concerned in 
providing the stimulus of the olfactory organ. 

Of. DeiaiJgo{Bul]. Soc. Chim. 1922, [iv.] 33, 
589), who gives an extensive bibliography on 
the subject. 1 S. M. 

iso-ffiNANTHlC ACID v. Ilisrroio acids. 

(ENANTHIC ACID v. Heptoic Acros. 

(ENA^TH^C ETHEk. According to Liebig 
and Pelouzo (Aimalen, 19, 241), there is found 
in wine a small qaiantity of a body termed by 
them oenanthie ether. It is a very mobile 
liquid, with a strong vinous smell, and of a 
disagreeable taste ; readily soluble in ether 
and alcohol, but very sparingly soluble in water. 
This ether is now prepared commercially for 
fiavouring common wines, brandy, &c., from 
tine oxidised products of oil of rue. According 
to A. Fisfher (Annalen, 115, 247) the artificiiu 
product is a mixture of caprio and caprylic 
acids. Many fusel oils contain both those acids, 
and 'vaprate is found in several Hungarian 
wines. 

(ENANTHOL, ocmnihaldehyde, * heptalde- 
hple, normal mianthc or heptoic aldehyde^ 
is one of the products of tho dry 
distillation of ijilkaline ricinoleates and of the 
action of nitric acid on stearic and margario 
acids. It *is also formed when fats and oils 
turn rancid (Scala, Chem. hentr. 1898, i. 439). 

Tho following method of preparation may be 
' Employed : — ' 

Castor oil, which consists essentially of the 
glyceride of rioinoleic a«rid, is rapidly distilled 
until the residue becomesg’esinous, thus convert- 
ing the greater part of the ricinoleic acid into 
oenanthol and hendecatoic acid : — 

C„H3,03=C,Hi3CHO+CuH,oO, 

The distillate is rectified, and the part coming 
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mi 


over between 90“ and 180° is shaken with a piperidine forming ay-dicyano-jS-hexyl-glutaric 
saturated solution of acid sodium sulphite, and acid, m.p. 442° (D. R. P.166660 ; Frdl. 1902-04, 
is warmed and filtered. The mass of the double 738 ; see also Guaroschi, (fhem. Zentr. 1903, ii. 
salt C«Hj3GH0’HNa80j,H20, separating out 193 ; •Aimalon, 1903, 325, 205). It also reacts 
on cooling, is pressed between filter paper, mixed with fualonic acid forming nonylenio acid 
with a solution of sodium carbonate, and dis- (I). R. P. 16656# ; Harding and Weizmann, 
tilled in a current of steam. 'The oenanthol Chem. Soc. Trans. 1910, 299), • 
which floats on the distillate is separated and Qilnantl^ol condenses with aniline (Miller, 
dried over anhydrous sodium sulphate or calcium Bor. 1892, 25, 2020); with aniline^ sulphite 
chloride (Bussy, Amialen, 1846, 60, 246; (Eibner, Chem. Zentr. J 901, i. 1360; Bperoni, 
» Erlenmoyer and' 8igel, ibid. 1875, 176, 342). Annalen, 1902, .326, 354) ; willt acetone (Rupe 
The yield of oenanthol is increased when the and Hinterlach, Per. 1907, 40, 4764) ; with 


istor oil is distilled under reduced pressure 
(Kraflt, Ber. 1877, 10, 2035; Jourdan, Annalen, 
1880, 200, 102). 

A better yield is obtained by distilling the 
ethyl or preferably the methyl* ester of ricin- 
oleio acid at ordinary pressure. Tlie distillati^ 
is redistilled, treated with sodium bisuljilnte and 
the crystalline mass thus obtanu'H is waslu'd 
with ether and well drained. Tht‘ mnaiithol 
can then bo isolated in the ordinary w ay ( H aller, 
Cornjit. rend. 1907, 144, 462). 

(Enafithol is also prepared by 1,he lollowing 
process : Castor oil or rape oil is heated in an 
iron boiler to 1-60'’, and air is blown thiough,* 
the source of heat is then removed and the 
temperature of the mass rises sjtoiitaneously to 
220‘". The vapours are condensed and the oily 
layer is treated with sotbum bisuljihite. 'I'he 
cenanthol is then separated as above (1). R. P. 
167137 ; Prdl. 1905-07, 40). 

(Enanthol reacts wnth diazoacetae ester 
yielding non-crystalline ethyl ocnaiithyliden- 
1 : 2-dioxynonylate, b.p. 2b0'714 mm. On 
saponification the latter yields an acid which 
on boiling with acetic acid decomposes with 
formation of oenanthol (Dieckmann, Ber. 1910, 
43, 1027). 

CEnanthol is a highly refractive, very mobile, 
colourless liquid, of Jiungeni aromatic smell, 
boiling at 154° at 747 nini. pressure, and having 
at 15° a sp.gr. of 0*8231 (Perkin, jun., Ber. 
1882, 15, 2802; i). R. P. 126736, 1902), b.]). 

I, 52*2°-153*2° (corr.) sp.gr. 0*82264 at 15° 

(Perkin, Chem. Hoc. Trans. 1884, 476), b.p. 
42°-43°/10 mm., sp gr. 0*8250 at 20° (Semmler, 
Ber. 1909, 42, 1161 ; Ilarnes and Oppenbeim, 
Chem. Zentr. 1916, u. 991). It is slightly 
soluble in water, and dissolves in all projiortions 
in alcohol and ether, (Enanthol raimlly oxidises 
on exposure to ail*, it redflecs silver nitrate. It 
forms a mono - and a dihydrate (Noorduyii, Rcc. 
trav. chim. 1919, 38, 345). •% • 

When heated at 190° in sulphuric acid, it 
blaokens.and a small quantity of carbon mon- 
oxide and much sulpljur dioxide are evt^yed 
(Bistrzyeki and Fellmann, Ber. 1910, 4.1, 77(^. 

Reduction by sodium amalgam in acetic 
acid solution yields 7i-heptyl aTcohol, b.p. 90°/14 
mm. If an excess of sqdium is avoided and the 
solution is not ke|t acid dilieptyleiiealdchyde 
is produced : ^ 

CHj'LCHJs'CH : CtCrfOj’cH^l.-CHa * 

0*8463 {cf. Perki*, Chem. Soc. Trans. 1883, 
43 67 ; Lovene and ^aylor, J. Biol. Chem. 1918, 
36! 281). 

With nitric acid, 
hexane, hydroxylamir 

J, pr. Cheip. 1895, 
reacts with cyana<’-et 


cenanthol yields dinitro- 
le and heptoic acid (Ponzio, 
[ii.] 63, 431). (Eni^nthol 
ic acid in the presence of 


oxalacetic ester in fircscnce of ammonia (Simon 
and Conduche, Ann. .Chim. 1907, [viii. 1 12, 
*5)t and with hj^razobenzene (Ru88ow,*J. pr. 
Chem. 1909, [li. J 80, 511 ). It also reacts with a 
number of othei substances (Ikttig and Recchel- 
mann, Aimaleii, 1889, 255, 12() ; Miller, be. ; 
Eiseher and Giebe, Bei*. 189^ 30, 3054; Knqe- 
venagel, Ber. 1898, 31, 73lt) ; (laisen, ibid. 
1014; JMeuberg and JMeimann, ibid. 1902, 36, 
2049; Lees, (Uiem. Soe. Proe. 1902, 213 ; 
'Tsehitschenko, .J. Russ. Pliys. (mem. Soe. 1906, 
38, 482; Sehlotterheck, Ber. 1907, 40, 479; 
Braun, ibid. 1908, 41, 2169 ; Semmler, Lc.). 

(Enanthaldoxime boils at 100*5°/i4 mm. It 
only solidilies partially and the solid part melts 
at 55*5° (Bourgeois and Dambmann, Bei* 
1893, 2(>, 2856). "it forms a number of deriva- 
tives (Goldselimidt and l^auoli, Ber. 1892, 25, 
2.573; Comstock, Amer. Chem. J. 1897, 19, 
485 • Conducb^, Ann. Cbim. 1908, [viii.J 13, 
5 ; Irvine and Moodie, Chem. Soc. Trans. 
1908, 102). 

(ENA NTH Y Lie ACID Hefioic acid. 

(ENIDIN, (ENIN. 33io red pigment of the 
young leaves of Vdis vinifera is a free antho- 
eyanidiii, probably identical with oeiiidin, the 
anthoeyamdm ot the purple grape. The pig- 
i ment may occur in a colourless modification, 
I or leueo-aiitbocyamn, combined W'ith another 
I substance. On treatment with acids it forms 
aiithoeyanubn (Rosenheim, Biochem. J, 1920, 
14, 178). 

(EMOCYANIN, the colouring matter of black 
grapes and red wines, is of eolourless origin, and 
becomes blue through oxidation, and jirobably 
hydration, which may^be shown by placing a 
green grape picked from a bunch which is just 
beginning to turn red in a vacuum of 1-2 mm. 
ower boiled 8u4)hurjc acid fo» 3 or 4 days, or 
sufficient time to allow of the grape becoming 
hard and dry. The col^^mr becomes yey.ow, but, 
»on admitting air, moisture and oxygen aro 
ra])idly absorbed, the colour changing to blue 
black at the same time (Maumene, Compt. rend. 
95, 924). (Enocyamn cannot be extracted 
from grape marcs and lees of win#, but is 
obtained from red wines destined for distillation 
by the following method : the wine is treated 
with sufficient bi^ic lead acetate to pr^ipitate 
the colouring mattdt, the precipitate is collected 
on a filter and washed until the filtrate contains 
■only traces of lead (24 hours). The precipitate 
18 * weighed moist and the dry substance and 
lead oxide are determined in an aliquot portion. 
The remainder is then treated wf^th exactly the 
calculated quantity of sulphuric acid and 
filtered hot. The colouring matter passes into 
the filtrate and is obtained in the form of a 
syruj) soluble in water or alcohol by evaporating 
the solution tg the required consistency after 
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adding glycerol in the proportion of 10 grams 
of glycerol to the extract from 1 litre of wine. 
The solution of oenocf anin thus obtained is used 
for increasing the colour of poor wine and also 
for colouring confectionery and liqueurs. 'CEnocy- 
anin is not a uniform substf.nce and its pro- 
portion in red 'wines vanes from 9*2 to 18‘7 
gramt per litre (Cari Mantrand, BulUSoc. chim. 
1900, 35,d017, 1022), v. Anthooyanins. 

(ENOLIN. The name given to the natural 
red colouring msftter of wine precipitable by lime 
or basic lead acetate. Is brown-red whilst 
moist, but nearly black wdien dry, giving a 
violet-red or brown-red powder, readily soluble 
in alcqhol, and in water aeidiJlatcd with vege-' 
table acids, v. Anthooyanins. For the estima- 
tion of oenolin and oenotannin in wines, v. F. 
Joan, Compt. rend. 93, 900. 

CENOMETER. ^ A hydrometer designed for 
determining the alfcohiJic strength of wines. 

OIL-GAS V . Gas, oil. • 

OIL, MINERAL, PETllOIiEUM. 

OIL OF AMBER v. Oils, Essential, and 
Resins. 

OIL OF HARTSHORN v. Bone oil. 

OIL OF VITRIOL v. Sulthurio acid, 
oa OV’ WINTEROREEN, Methyl salicylate 

r. Oils, Essential. 

OILS, ESSENTIAL. The word ‘oil’ ap- 
pears to be derived from the Greek claio7i (oil), 
elaia denoting the olive tree, from the Latin 
‘ oleum,’ and the French ‘ huile.’ Three 
kinds of oil arc recognised, fixed or fatty oils, 
of vegetable or animal oi igin {v. Oils, Fixed, and 
Fats), which are sayiomfiable ; essential or 
volatile oils of vegetable origin ; and petroleum 
oils of mineral ongm, which arc imsaiionifiablc 
and consist mainly of hydrocarbons. 

Essential or volatile oils arc aromatic volatile 
substances of an oily nature usually obtained 
b*^ the distillation of vegetable products with 
steam. They are generally liipiid, though 
sometimes semi-solid at ordinary temperatures, 
slightly soluble in water, soluble in alcohol, 
ether, benzene, light petroleum, and most 
organic solvents. They arc found in all parts 
of the plant or tree, some occurring in the woody 
stems or roots, others in (ho bark, leaves, flowers, 
and fruits. Many essential oils are of complex* 
composition, containing constituents belonging 
to various classt's of organic compounds, trr- 
penes, alcohols, esters, aldehydes, ketones, 
phenols, ^&c. In some eases the oil consists 
almost entirely of one constituent, e.g. bitter, 
almond oil (benzaldehydo), black mustard oil 
(allyl iso-tluocyanatc), and wintergreen oil 
(methyl salicylate). Each of these three oils 
is formed by the decomposition of a glucoside 
by a natural ferment or enzyme which exist 
together in the material, the reaction being 
inducedf by maceration in water with the 
formation of glucose as a by’-product. 

The general characters of essential oils extend 
over a wide range, the specific gravity in most., 
cases being less than 1*000, though several oils 
are known which are heavier than water. The 
refractive indices vary from 1*432 (rue oil) to 
1*005 (cassia * oil). Many oils are optically 
active to polarised light, the optical rotation 
being a character of hnportance for judging 
purity, each individual oil having a compara- 
tively small natural variation. 


The functions of the essential oil in the plant 
economy are not thoroughly understood. In 
some cases its fragrant odour has an attraction 
for certain insects which fertilise the flower, in 
others it acts as a ropellant against enemies of 
the plant. 

Some oils apparently result from pathological 
processes, others appear to bo by-products of 
metabolic processes of an obscure nature. The 
development of the essential oil in several plants 
has been investigated by Charabot and his pupils, c 
who have studied the effect of different manures 
on the yield and character of the oil frona 
peppermint plants, the influence of light, climate 
and soil, and the best period of collection for 
distillation. 

Essential oife arc usually secrel ed in special 
glands, cells, or vessels, and are frequently asso- 
ciated with resinous bodies. For example, tur- 
pentine oil Ss obtained by the distillation of the 
oleo-''csin or turpentine which is secreted in the 
rosm-ducts of pine trees. Many oils become 
resinous on exposure to air, chiefly owing to 
the oxidation oi the terpene constituents. 

According to Charabot the odorous com- 
pounds first appear in the young green organs 
of plants, and eonlinne to form and accumulate 
until the flowering period, when the activity 
slackens. They migrate by diffusion from the 
leaf to the stem, and thence into the inflor- 
escence. A ])ortion .enters into solution and 
penetrates into the tissues where it becomes 
deposited. When fertilisation takes place, a 
quantity of essential oil is consumed in the 
inflorescence, or is lost by evaporation. Pro- 
bably the green organs continue to produce 
odorous constituents, but experiments show 
that during fertihsation there is a net loss of 
these bodies. It is therefore obvious that in 
most cases the best yield of essential oil is 
obtained before fertilisation takes place. After 
fertihsation the oil again increases in the green 
parts of the plant. ^ 

Esters have their origin in the green parts of 
the plant by the direct combination of acids 
on the alcohols previously formed. Esterifica- 
tion appears to be assisted by enzymes which 
act as dehydrating agents. Chlorophyll, how- 
ev'er, appears to bo the important factor in 
effecting the condensations which, build up 
complex suj^stances from simpler bodies. 

The addition of ‘mineral salts to the soil, 
such as the chlorides of potassium, sodium and 
ammohiuil ,*• sulphates of sodium, potassium, 
ammonium, iron and manganese, nitrates and 
phosphates of sodium and potassium, appears 
to favour the formation rf)f esters in peppermint 
plapts. 

In some instances the oils are semi-solid or 
almost solid in character. Although the words 
are of little ucientific value the solid portion of 
oils are still described as sharopienest and the 
liquid portions as oleoptenea or elcBoptenea. 
tf The methods' of production may be divided 
into three principal classes. 

(1) Distillation: „ 

(а) From the plant^; 

(б) Fyom oleo-resinous exudations. 

(2) Mechanical processes. 

(3) Extraction by solvents. 

1. The methods of production, of volatile 
oils tiy distillation from the wood, leaves, 
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TM employed, have been greatly 

modified m recent years, and much attention 
to improvements in modes 
ot distillation and condensation. In some few 
instances lire heat is still used for distiUation, 
tnfi nrn.nl.if.Q x.- j -i ’ 


, , - uvui lux uitStmUiUlUi, 

tfie practice being retained by native distillers 
ot essential oils in tropical countries. The 
usual method, however, is to pass steam through 
tlie material suitably arranged on travs — for 
•example, in the case of the umbelliferous fruits, 
P‘188 live steam through the material. 

• All the essential oils are readily volatile in 
the vapour of water. Many oils distilled 
trom their pnmary material under reduced 
pressure, the vapour passing over at a much 
lower temperature, w'lth the corrcsiionding 
advantage that the oil is not subjected to 
temperature likely to lead to decomposition. 
Modern stills have a capacity of 600-1200 
gallons or more, and are usually made of copper 
with removable domes having water-scaled 
joints with latch fastenings to keep them in 
position. They are mounted on brickwork 
bases with steel framework, and have bottoimD*] 
raised in the centre to effect absolute drainage. 
The stills are lifted with discharge pipes and 
also with steam heating coils constructed of 
copper with traps tor the condensed water, 
which is led back into a tank for feeding the 
steam boiler. The still beads taper to a narrow' 
pipe which leads to tlie condenser. The false 
bottom and cages in which the material is placed 
rest upon brackets fitted into the inside of the 
still, ihey are usually made of galvanised iron 
and the false bottom is peilorated to enable 
the water to drain away. Above the stills 
chain lifting tackle is fitted to steel girders to 
facilitate emptying and refilling. 

The condensers usually consist of coils 
surrounded by cold water, which is kept con- 
tinually flowing through them from the bottom 
upwards. The condensed distillate is collected 
in separators fitted with strainer plates and a 
series of draimng taps. The condensed water , 
is forced back into the stills by steam ejectors i 
to be used in a subsequent distillation. 

Disiillaiion from oleo-resi7wus cxudatio'igs. 
Many of the oloo- resins of different degrees of 
viscidity are used for the distillation of volatile 
oils — the most important .being thJ oleo-resin 
used for the distillation of turpentine, and the 
essential oil distilled from such bodies m cqjiaiba, 
&c. ’ In the case of turpentine the oroo-resm is 
cjiused to exude from the living tree by making 
incisions,* usually V-shaped, after stripping^ off 
the bark. The incision# are first made about 8 
inches above the root, and the oleo-resin wffleh 
exudes is collected in wooden vessels. The 
exudation commences about March and con- 
tinues till the end of August or the Ibegirming of 
Sejitomber. The cAdo oleo-resin thus obtained 
is then distilled with water. . ^ 

2. Mechanical produc^iofi. Mechanical pro- 
cesses are employed in the case of lemon, orange, 
bergamot, and lime oil#, which are obtained from 
the peel of the fruit. * The sponge process, which 
is usually employed in Sicily, am? Calabria, is 
essentially as follows : The fruit is first soaked 
in water for a short time and the peel is then 
removed in tjiree slices, each slice being prfssed 
flat by the fingers against a sponge. The oil 
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glands are burst by th* pressure and the oil, 
together with a consideralle quantity of water 
and some juice, is absorbed by the sponge. 
The sponge is squeezed from time to time into 
a bowl and the oil^eparated from the water and 
filtered in closed niters. • 

The ^Jcuelle jtrocess is employed in Northern 
Italy and fno South of Franco. An 6guelle is a 
saucer-shaped vessel, 8-10 inches in diameter, 
made of tinned copper, the iittide of wfiich is 
covered by short spikes about a quarter ol an 
inch long. The Ifottom is connected by a 
hollow tube through ^hich the oil jiasses to a 
|.cq|lectiiig vessel.* The whole fruit is pli^-ed on 
the 6cuclle and by rapid rotatory motion the 
oil glands are burst and the oil is ejected. An 
oil of inferior quality is obtained by subjecting 
the residual fruits to jiressure or by macerating 
in warm water. A still infefiur oil is obtained 
by distillation. , 

In the Scorzf’ila process the fruits are cut 
into halves, the pulp is removed*l)y a spoon and 
the peel is twisted and jiressed against a sponge. 
The pulj) is use<l for the juoduction of lemon 
juice and the peel is salted. 

Machines are also used for the production 
of these oils, especially that of bergamot, by 
means of which the Iruits are bro'uglit into 
contact with small knives which puncture or 
rupture the oil glands, ^'lie oil is drawn out 
of the vessel by means of vacuum pumps and 
steam is sometimes admitted to facilitate the 
process. Machine made oils, however, are 
usually mleriur to those produced by hand 
processes. An illiistiation of one form of 
mechaiueal press is figured in the Perfumery 
and E-ssential Oil Record, Mtireh, 1910, Gl. 

3. Kxiraclion by solvnds. Extraction pro- 
cesses arc employed principally for the delicate 
floral essences which are partially deconipos^ 
by distillation, such as jasmine and tuberose. 
Three kinds of processes are used : (a) those in 
which a volatile solvent is used ; (6) those in 
which ^ non-volatilo oil or fat is employed ; and 
{d) those in which a current of moist air is used. 

The volatile solvents commonly employed are 
alcohol, benzene, etlier,.e}i]oroform, light petro- 
i«leum, diehlor-ethylene, acetone, and tetruchlor- 
cthane. The simplest form of extraction is 
by percolation, either in the, cold or at the 
boiling-point of the solvent on the principle o# 
the Soxhlet apparatus. Un the removal of the 
solvent a mixture of oil, resin, wax an^ colour- 
*iiig matter results, known as ‘ concretes,’ from 
which floral essences are prepared by solution 
in alcohol. In some cases the extracts are 
purified by distillation under reduced.pressure 
with steam. These are known as ' absolutes.’ 

The extraction by non-volatile solvents is 
typified by the enjleuragc process. A pure 
neutral fat, such Va purified lard, is melted in 
trays, technically known as ‘ chassis,’ and the 
fresh flowers arc laid on the fat for a short time, 
then removed and replaced by fresh flowers 
until the fat has become saturated. The 
fat is then removed and sold as ‘ pomades,’ 
which are employed in the manufacture of 
perfumes, being extracted by meams of warm 
alcohol in closed vessels* Olive oil is also used 
for jasmine and violet flowers, the fresh flowers 
bein^ macerated in the oil or placed on trays 
containing linefl cloths soaked in the oil. Tne 
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oil is then pressed out#and may be extracted 
by means of alcohol o| used in brilliantinea. 

In the moist ain process, hot air is passed 
through a series of wet sponges and thci^ over 
the flowers and into a volatde solvent which 
retains the perfume, and whimi can afterwards 
be reijiovod. The advantage of this process is 
that only volatile bodies are extraete(f, colouring 
matters afld resins being left in the raw material. 

The main coij.stituents of essential oils may 
be conveniently divided into the following 
important classes : terjienes end sesquiterpiuies, 
alcohols, esters, aldehyde^ ketones, phenols and 
allied compounds. « ^ , 

Terpenes. The principal terpenes occuning 
ill essential oils arc innene, camphenc, fenohene, 
lirnonene, dipenteno, terjnnene, tcrpinolcne 
phcllandrenc, sylvestronc, carvestrciK*, thujenc, 
sabiiiene, santcnc.* The first thiee belong to 
the bicyclic senes, the strpetiire being in the 
form of a double ring. The other ter])enes may ! 
ho regarded as*' derivatives of cyinene, v Inch 
they closely resemble in molecular constitution. 
Lirnonene, dipentene, carvtistrem;, sylvestrene, 
and tcrpinolcne may bo reganh'tl as dihydro- 
cymones, 'containing two ethylene linkages 
i^ud have the formula CjoHjg. Menthcne and i 
oarvo-monthene are tetrahydrocymenes and j 
have the formula reduction they j 

yield hexahydroeymenes. 'Tlie terpenes are I 
characterised by the melting-points of their | 
derivatives. | 

Sesquiterpenes. I’hese have the general 
formula (J16H.J4 and boil at a temixu-atuie above 
250°. They have a high lefraetive index and 
yield halogen derivatives which are somewhat 
difficult to [uirify. . The more important ones i 
occurring in essential oils are cailinene, caryo- i 
phylleiie, cedrene, hurnuleiie, santalenc, and I 
zmgiberciic. Olcfiuic sesquiteriienes oc'cur in 
oils of citroiiella, lime, and lemon. 

For further details as to charaeiers and 
comjiosition of this class of substances, sec art. 
TeK PENES. r 

Alcohols. The alcohols of the ]>aralTin 
series found in essential oils cotn[)rJse geraniol, 
Iinalool, nerol, and citroficllol. These belong to 
the unsaturated series containing one or more* 
double linkages. 

Alcohols of if^ie benzene series are bciiz^vl, 
ftinnamyl, and anisyl alcohols and phcnyl-ethyl- 
alcohol. , Terpineol, terjieno hydrate, borncol, 
pulegol, thiijyl alcohol, fimchyl alcohol, sabiiiol, 
and menthol are derivatives of the terpenes. 
Among sesquiterpene alcohols, saiitalol, ccdiol, 
guaiol, patchouli alcohol, and the so-called 
‘ camphor's ’ of cubebs and matico may be 
mentioned. With the exception of santalol 
these are solid compounds. 

Esttrs of many of these alcohols also occur 
ill essential oils, notably those of acetic, pro- 
pionic, butyric, valeric, tiglie, benzoic, salicylic, 
cinnamic, and anthranilie acids. The percentage, 
of esters is found by 8a])onificatiou with alco- 
holic potash and many oils are valued according 
to their ester content. It should be pointed 
out, however, that probably other constituents 
absorb potash under the conditions of saponifica- 
tion and the determination of the saponification 
number is not strictly a measure of the esters 
present. It is useful, however, for purpoles of 
comparison. Two to five ^ranftues of the oil 


are heated on a water-bath for an hour with 
20 c.c. of normal alcoholic potash and the 
excess of potash titrated with normal sulphuric 
acid. The acid value of the oil should be de- 
ducted from the saponification value in deter- 
mining the ester- content. 

The alcohols are determined by acetylation 
and subsequent estimation of the acetic esters 
formed. The usual method of procedure is to 
heat 10 c.c. of the oil with 15 c.c. of acetic 
anhydride and 2 grams of anhydrous sodium 
acetate for 2 hours to boiling-point under a reflux 
condenser. The oil is then thoroughly washeM 
by shaking with successive quantities of water 
and afterwards dried by shaking with anhydrous 
soibuni sulphate. 2-5 grammes of the acetylatcd 
oil is then neutralised and sapoiiilied with 20 c.c. 
of normal alcoholic potash lor an hour and the 
excess of poLash titrated with normal acid, using 
])henol])hthalein as indieator. The percentage 
of alcohol in the original oil is calculated from 

i- . M XxlOO , . , 

the alcohol, 

where M is the molecular weight of the alcohol, W 
fl.he weight of acetylated oil, ami X the number 
of c.e. of normal alcoholic jiotash absorbed. 

Aldehydes. The aldehydes of the paraflin 
scries found in essential oils are furfural, 
acetaldehyde, citral, ami citronellal. Those 
belonging to the henzeijc series are benzalde- 
hyde, saljcyJic aldehyde, cinnamic aldehyde, 
anisic aldehyde, and cumic aldehyde. 

The usual method employed for the deter- 
mination of cinnamic aldehyde in cinnamon and 
cassia Otis and for the determination of citral 
in lemongrass oil is as lollows : — 

Five c.c. of the oil are shaken with a hot 
solution of sotlium bisulphite (35 p.c.), freshly 
])repared, and heated in a wafer-bath for an 
hour, or until the solid aldehyde bisulphite 
compound is completely dissolved. A flask 
with the neck graduated in tenths of a cubic 
contiraetre is employed and the uncombined 
oil is driven up into the nook of the flask and 
the volume noted after cooling. The difference 
between the volume of the original oil and the 
volume of the residual oil represents the pro- 
jxn’tion of citral or cinnamic aldehyde, and 
multiplied by 20 gives the percentage by volume. 

*F()r the determination of citral in lemon 
oil the hy(lb'oxylamii.e process is recommended 
{see j^erfumery and Essential Oil Record, 
Noveriibej ,1010, 263-204). 

Ketones. The more important ketones 
occurring in essentidi oils are carvoiie, pulegone, 
mei^thoiie, eanqihor, fenchono, and* thujone. 
Methyl -heptyi-ketone aiid methyl-nonyl-ketone 
occur in the oil of rue and methyl-hepte- 
nonc in the oils^of lemongrass, citronella, and 
hgnaloc. ^ 

The best absoriition'prt^-ess for the estima- 
tion of carvone is as follows : — 

S Five c.c. of tLe qfl is introduced in a 200 c.c. 

ask with the neck graduated in tenths of a 
cubic centimetre. 25 c.c. of a 20 p.c. solution 
of neutral sodium sulphitb is then added and a 
few drops of phenolphthiilein solution. It is 
then placed* in a water-bath and thoroughly 
shaken, when a. red colour is immediately 
produced due to the liberation of free caustic 
alkaK. A 10 p.c. solution of a%etic acid is 
added from a burette to maintain neutrality. 
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and the mixture heated until no more free alkali during the distillatioji of . carraway oil) are 
IS liberated, the time required being usually usually lost in the distilli^ion process, 
about 45 minutes. The uncombined oil is then Hydrocyanic acid occurs together with 
driven into the neck of the flask and the volume benzaldehyde in oil of bitter almonds. Carbon 
read on after cooling. The differonoe between disulphide is found in black mustard oil, dimethyl 
the volume of the original oil and that of the sulphide in Ammcan pepperndnt oil, and allyl 
residual oil multiplied by 20 will give the di-sulphide in oil of garlic. Allyl-^-othio- 
percentage by volume of carvone. For pulcgone cyanate i^the chief constituent of black mustard 
in oil of pennyroyal litmus is a better indicator, oil, resulting from the decompositfon of the 
and four hours are required for complete ab- glucoside potassium myronat* in the presence 
sorption. of the ferment myrosin. It is obtained syn- 

The above process may also be used for the thetically from allyl iodide and potassium 
aletermination of benzaldehyde in almond oil, thiocyanate, 
cinnamic aldehyde in cinnamon and cassia oils, ' * 

and citral in lemongrass od. 

Phenols art. Terpenes AND Teri'ene 1 . 

Derivatives). Idie chief pl?em)ls found in Physical cJuiracitrs. In the analysis of 
essential oils are thymol, carvacrol, and engcnol ^‘^^t'^dial oils it is usual to first determine the 
(q.v.). These bodies are soluble m solutions of rl'y«h‘al characters, such as^^lic spccilic gravity, 
alkaline liydroxidcs, and may be extrheted by ‘ddical rotation, refractive index, boiling range, 
shaking the oils with a solution of caustic potash solubility. 

or soda. They difim- from acids in not being yiavity is the, density at 15° 

soluble 111 alkaline carbonates. compared with the weight of an equal volume 

The method usually adopted for the estima- I water at the same temperature, and is usually 
tion of phenols in essi'iitial oils is as fellowst i means of a sjiecifio gravity bottle of 

6 c.c. of the oil 18 heated for an houi in a water- I ^•'ipacity. Anise ojl and otto 

hath with a 5 p.c. aqueous solution ol potash i generally taken at 20° and 30° re- 

with frequent agitation. A flask with the neck ! «P^‘'-d'ively in comparison with water at 
graduated in tenths ol a cubic cent imetre is ' which contain water should be first 

employed for the purpose, and the uncombined 1 agitation with »nhydrou8 sodium sul- 

oil is driven into the giaduated neck by tlie P^^ate. 

additionofafurtherqiuintity of potash solution. I <>pl/cal rotation. The optical rotation of 
The proportion of phenols absorbed is calculated ! ial oils is usually taken in a 100 mm. tube 
by deducting the measure of uncombined oil ; J^y “^ans of a polanmoter, using sodium light, 
from the volume of the original oil, which gives i rotation applied to pure substances 

the proportion of jihenols by volume. If the ^ ‘q>D^al rotation in a JOG mm. tube divided 
proportion by weight is required the sjiecdic | ^'y ^^pt'cHic gravity. It is expressed by the 
gravity of the oil and the iiru'ombined portion [“Id* 

must be taken into account. I Phe refractive index is the ratio of the sino 

Phenol derivatives. Anethole is the methyl j the angle of incidence to the sine of the angle 
other of ’p-iiropenyl phenol. It is the chief j “f refraction for the D fine (sodium light) and 
constituent of anise oil and star anise oil and ! expressed by the term It is usually 
also occurs in oil ol fennel. It is a (u-ystalline given for a temperature of 20° and decreases 
substance, melting at 21° and boiling at 232° ; with iise of tcmpex’aturo to the extent of 0'0004 
sp.gr. 0*980 at 25°. to 0*00()0 for each degree Centigrade. Kefraeto- 

i«o-anethole (esfrayole) is the methyl ether meters are of various types, but the direct 
of p-allyl-phenol. it occurs in estragon oil, reading instrument iqjide by Zeiss is the one 
and also in anise and fennel oils. It is a cokyiir-i most suitable for the examination of essential 
less liquid having a density of 0*97 1 and boifing oils (v. ItoiiACTOMETER). The temperature is 
21 5°-21G°. • kept constant by passing a. stream of water 

Safrole is the mcthijlenc ethir of allyl- tnrough the two prisms between which the oil • 
pyrocatochol. It is the principal constituent is placed. 

of sassafras oil, and occurs in the lugh^boi ling T/icmriiniq-poiid of an oil is best determined 
frorctions of camphor oil and in cinnamon leaf* by placing about 3 c.c. in a test-tube, and con- 
oil. It is a colouiless liquid, boiling at 233°; gealing it by immersion in a freezing mixture, 
sji.gr. I*i08. ^ q’he tube is then immersed in a beaker of 

Other phenol derivatives arc diosphenol, water and the temperature of the w^er slowly 
found in oil of buchu, chavicol, a constitfient raised until the oil is just completely melted, a 
of bay oil and betel leaf oii^ and chavibetol, thermometer being used to stir the oil con- 
occurring in betel leaf oil. tinuously. J^'or crystaUinc solids the wpillary 

Unclassified constituents of d^sential oils, tube method shotild be employed. 

Apiole occurs in ml of parsley and its isomer The boxliny-iioxnl of a substance depends on 
dill-apiole in East Indian oil o^dill. the pressure of the atmosphere, the standard 

Cineqlo or eucalyptol occurs in oils of worm- 'pressure being equal to 700 mm. of mercury, 
seed, oajeput, and eucalyptus, and in smaller llie correction for variation of pressure is made 
quantities in oils of tosemary, lavender, spike, as follows: T=Ti-fO*0376 (700-~p) where T 
sage, laurel, cinnamon, and camphor. is the true boiling-point, T^ the observed boiling- 

Compounds containing nitrogeft and sulphur point, and p the observed pressure. For 
occur in essential oils derived froni plants rich accurate determination a correction may be 
in albuminous matter. The more volatile made for the portion of the stem of the ther- 
compounds,* such as trimethylamine and sul- moifteter not surrounded by the vapour of the 
phuretted hydrogen (the latter being formed boiling liquid. This is made as follows: 


1 * E, 


XAMINATION OF ESSENTIAL OlLS. 



536 OILS, ESSEemAji. 


TjsbTi+0*OOO164 t.d, whit6 T is the true boiling- 
point, Tj the obsented boiling-point, t the 
number of degrees exposed to the atmosphere, 
and d the difference between the temperature 
of the boiling liquid and that o^the surrounding 
atmosphere. • 

Fractional distillation of essentiaj oils is 
usually o^ied out under reduced* pressure 
which should not exceed about 25 mm. A 
three-bulbed flask or a fractionating column is 
sometimes used, better separations being thus 
obtained. The characters •oi the various 
fractions are exceedingly^ useful in ^detecting 
adultorf).tion. f ^ 

Methods for the determination of alcohols, 
esters, aldehydes, ketones, and phenols arc 
given under the various constituents. 

Soluhility . — The solubility of an oil is often 
a good criterion of purity. It is usually deter- 
mined by shaking 1 c.c. of^, the oil with 1, 2, 
3, or more c.c. of alcohol of various strengths. 
The strengths generally employed are 70, 80, 
90, and 95 p.c., and these must be carefully 
adjusted to the correct s])eeific gravity. Kaeh 
oil has a definite solubility value and the test 
serves to detect adulteration or the jireseneo of 
o?;idised or resiriified prodiicls. Petroleum 
floats in 70 p.c. alcohol, fixed oils sink. A definite 
stajidard temperature should be adopted, say 

Detection of Adulterants. 

Turpentine oil may be readily detected in oils 
which contain no pinene, the latter being the 
chief constituent of turpentine oil. It is usually 
found in the first fraction distilled, and generally 
reduces the specific gravity and affects the 
solubility. Its presence is jiioved by the foima- 
tion of jiinene hydrochloride (m.p. 125’) and its 
nitrosochlonde (m.p. lOIP’). 

Cedar wood, cojxnha, and gitrjun haham oil. 
These are usually found in tin' last fractions 
since their chief constituents arc se.squiterpenes. 
They have a high refractive index an^’ high 
specific gravity, and arc only soluble in absolute 
alcohol. Copal })a oil rotates —5° to —35*’ 
(African +20'’), ccdarwTpd oil —25^ to —45”, 
and gurjun balsam —35” to —130”. 

Alcohol may be detected by its low boiling- 
point, low specific gravity, low refractive inde^, 
and by the iodoform test. Oils containing 
alcohol form milky mixtures with water. It 
may be extracted by washing the oil with 
water. 

Acetone may be detected in a similar manner. 

Fatty oils leave an oily stain when exjioscd 
on blottir^ paper. With the exception of castor 
oil they are insoluble in alcoh<^)l. They usually 
increase the ester value of an oil and increase 
the not- volatile residue. Patty oils have a 
very high boiling-point, anfl are therefore 
found in the residue left on distillation, where 
they ma^ be detected by the acrolein test. 

Artificial esters have usually a high boiling-' 
point and may be detected in the last fractions 
of an oil by saponifying with aqueous potash 
and identifying the products of hydrolysis. 

Glyceryl acetate, ethyl citrate, tartrate, 
oxalate, phthalate, and sif ccinate have been used 
for adulteration purposes. 

Petroleum (mineral oil, kerosene, &c.) is 
less soluble in alcohol than Inost oils. It 


has a low specific gravity and refractive indeit» 
and is not saponified by potash. It is also 
unaffected by nitric and sulphuric' acids. 

Prenctpal Essential Oils, 

Absinthe oil (wormwood oil) is distilled from 
the leaves and tops of Artemisia absinthium 
{N,0. Compositce), a herbaceous plant growing 
in Europe, Northern Africa, and Northern 
Asia, and cultivated in the United States. of 
America. The yield is from 0'6 to 1*0 p.c. .It 
is of a dark green or bluish colour and has a« 
^p.gr. of 0-920-0‘965. It contains thujone 
(tanacctone), thujyl alcohol, acetic and valeric 
esters, phellandrene, pinene, and cadinene. 
It is used in tho'[)reparation of absinthe, in con- 
junction with other essential oils (v. Absentee). 

Ajowan oil is distilled from the fruit of 
Carurii ajoivan (Bcniham and Hooker) or 
Plycholis ajowan (D.C.) [N.O. Umhelliferce). 
Cultivated in India, Egypt, Persia, and Afghan- 
istan. The yield is from 3 to 4 p.c, ; sp.gr. 
0-9()0-()‘930 ; slightly dextro-rotatory. Con- 
tains thymol (40-55 p.c.), oymeno, and a terpenc 
hydrocarbon. Ajowan oil is the chief source 
of thymol (method isopropyl phenol), which is 
extracted fr(>m the oil by freezing or by means 
ol caustic soda, precijutating with hydrochloric 
acid ifiid recrystallisiiig from alcohol. Thymol 
molls at 60”-61”, and bods at 230”. 

Bitter almond oil. Obtained by distillation 
with water from the marc left after expression 
of the fixed oil Irom the seeds of bitter almonds 
Primus Amyifdalus, var. amnra Bosacea:). 

The oil results from the action of a nitrogenous 
ferment cmnlsin, found in both sweet and bitter 
almonds, on the glucoside amygdalm wliich 
exists only in the bitter almond. The reaction 
occurs in the picxsence of moisture as follows : — 

C,oH.,,NOiif21+0-cXo+HCN+20«H,.,Oe 
Amygdalm. Benzal- Hydro- Glucose. 

,, dehyde. cyamc acid. 

Beiizylcyanhydrin is formed by the interaction 
of the benzaidehyde with the hydrocyanic acid. 
The yield of essential oil varies according to 
the quality of tho almonds, and according to 
the,, proportion of sweet almonds mixed with 
the -bitter. Tho marc yields on an average 
1 p.'c. of oil corresponding to about 0*5 p.c. 
from the original almvmds ; sp.gr. P045-P070 ; 
it is optically inactive and consists of bonz- 
^ aldehyde t^g-96 p.c.), hydrocyanic acid (4-6 
“p.c.), and 'oenzylcyanhydrin or manrfelonitrile 
(CeH •CH(OH)CN). 

Tjie hydrocyanic acid may be reiifoved by 
redistdlation with lime find ferrous sulphate or 
by ttgitation with sodium acid sulphite, crystal- 
lising the double talt and distilling the crystals 
with caustic soda. Essential oil of almonds is 
very rapidly ‘oxidised on? exposure to moist air 
forming benzoic acid, but wlien carefully dried 
l)v immersing in*it ^ piece of calcium chloride 
if is said to keep indefinitely. It may be 
adulterated with artificial benzaidehyde or with 
alcohol. The former, if* free from chlorine 
compounds, is impossible to detect ; the latter 
is detected hj^ shaking with water and applying 
the iodoforiq test to the washings. 

A similar oil almost identical in character 
with €iil of bitter almonds is obtained from 
peach and apricot kernels. " 
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Amlier OU is a mixture oi ter|»enes obtained 
by the destruotiTe distillation of aniber. Mixed 
with rectified spirit and ammonia it was formerly 
used in mediome under the name Eau de Luce. 
By the action of hitrio acid a mixture of resins is | 
produced, formerly known as ‘ artificial musk.’ 
Genuine oil of amber is now very rarely found 
in commerce, much of the oil used medicinally 
for embrocations* being obtained from amber 
resin {colophony {q.v.)) by destructive distillation. 

* Anise oil. Distilled from the fruit of Bim- 
pinella anisum (Linn.)(iV'.0 UmhelUfem% grown 
*in Europe, and from the fruit of the star anise, 
Illicivniverum (Hook.) Magnoliacece)tCu\ti- 
vated in China. The latter is the source of mosf 
of the anise oil of commerce. The yield of oil 
from the star anise fruits is 2-4 p.c., that from 
the pimpinella anise seldom exceeding 2 p.c. 
The characters and constituents of the two oils 
are practically identical ; sp.gr. #-975-0*090 at 
20°/16°, rising on keeping ; 0°-2“ seldom dextro- 
rotatory; /lil ‘652-1 -658 ; soluble in 3 vols. 
of 90 p.c. alcohol ; it congeals about 15°, re- 
melting at 17°-19°. It contains anethole 80-90 
p.c., methyl chavicul, anisic aldehyde, anisic 
acid, anisic ketone, pinene, phellandrene, limo- 
nene, oineole, and safrolo. Important changes 
take place in the oil on keeping, the melting- 
point being lowered and the density increasing. 
It is employed medicinally us a carminative and 
expectorant and as a flavouring agent. 

Asafoetida oil. Distilled from the gum 
resinous exudation from the root of Ftrula 
Assa-feetida (Linn.) {N.O. IhrihfUifcrcB)^ and pro- 
bably other species growing i n Persia and Afghan- 
istan. It yields by distillation 3-7 p.c. of oil ; 
sp.gr. 0‘975-0‘990 ; rotation about —10°. It 
contains organic sulphur compounds having the 
formul© 07 Hi^S 2. OjILg^a, CiqH„„ 82» pmene, 
and a sesquiterpene. The proportion of sulphur 
compounds present * varies according to the 
species of Ferula from which the gum resinous 
exudation has been obtained. 

Bay oil. Distilled from the leaves of 
Pimentn acris (Kostel) {Myrcia acru [DC.]) {N.O. 
Myrtac-em), largely grown in the West Indies. 
The yield is from 2 to 3 p.c. ; sp.gr. 0‘960-0 -990 ; 
rotation —0° 30' to - 2°. It contains eiigenol I 
46-80 p.c. methyl-eugenol, chavicol, meiChyl- 
chavicol, pinene, dipenteno, phellandrene, ’myr- 
cene, and citral. When distilled w^th water the 
oil separates into two. layers, one lighter, the 
other heavier, than water. These are mixed to 
obtain a normal oil. It is sometime^ad^lterated i 
with other eugenol-containing oils, notably those j 
of olov® and pimento. 

Bergamot oil. Ohit-ained by exprossiorf from 
the peel of the fresh unripe fruit of Qitrus 
Bergamia (Risso) {N.O, Butacecs), cultivated in 
Calabria and Sicily. The * process used for 
extraction is similar (jo that used for lemon oil. 
One hundred fruits yield 2J-3 ozs. of oil, which 
is limpid and of yellowish or greenish-yellow 
colour ; sp.gr. 0 ‘881-0 886 :* rotation -f- 8‘%tc\ 
+24°, rarely exceeding +18° ; esters calculated 
as tinalyl acetate,, 36-42 p.c. ; non-volatile 
matter after heating 2 hours on water-bath, 
6-6 p.c. It contains linalool, Jinalyl acetate, 
ootylene, pinene, cam'phene, liraonene, dipentene 
limene (sesquiterpene), bergaptene^stearoptene). 
The oil is subject to considerable adulteration 
with addend esters, including terpineol ficetate. 


ethyl citrate, &o,, towther with terpenes froio 
allied species of citrus^ 

Buciiu oil. Distillea from the leaved of 
Barosma hetulina (Bartl. & Wendl.), and ot^et 
species {N.O. Butacece)^ a shrub indigenous to 
Cape Colony. . It yields from 1 to 2 p.c. of oil ; 
sp.gr. 0 ‘940-0 ‘960. It ooniSains diosphenol, 
iimonenei dipentene, menthene, the constituents 
varying according to the species of Bm’osma used 
for distillation {see Pharm. J. 3rd series, 796- 
797). • 

Cajuput oil. J)i8tilled from the leaves of 
Melaleuca Leucadendron (Linn. ) {N.O. Myrtacece), 
and other species of melaleuca indigenous to 
‘India, North Abstraha, the Malay Archipelago, 
and the Molucca Islands. It is a green or 
hi iii.sh -green limpid oil having an aromatic 
camphoraceous odour resembling eucalyptus 
oil; sp.gr. 0‘019-()‘930 ; .rotation 0°-4°. It 
contains oineolo (45-60 p.c.), terpineol, pinene, 
butyric, valeric, and benzoic aldehydes. The 
green colour of the oil is duo to contamination 
with copper, which can bo removed by distilla- 
tion or by shaking iho oil with a solution 
of citric or tartaric acid or potassium ferro- 
cyanide. ^ 

Calamus oil. Distilled from the rhizome 
of the swxet flag, A corns Calamus (Liim.) (AW. 
Aroid,e(r \ found on the banks of many European 
rivers and cultivated i^i India. The yield is 
from 1‘5 to 3*5 p.c.; sp.gr. ()'900-0‘97d ; rota- 
tion + 10° to H-35°. It contains pinene and a 
sesquiterpene and several oxygenated con- 
stituents. The Japanese oil is probably derived 
from the rhizome of Acorus gramiueus (Soland). 
It has a density of ()‘990-l‘()00. It is used in 
the preparation of corchals and liqueurs and in 
perfumery. 

Camphor oil. A by-product in the manu- 
facture of camphor from the wood of ^he 
camphor treJ, Chinamomvm Camphora (Nees & 
Eborm.) {N.O, Lauracem)^ found in China, Japan, 
and Formosa. The oil varies considerably in 
character, but may be divided into two distinct 
chisscfc, (1) the light fractions consisting princi- 
pally of terpenes, (2) the heavy fractious con- 
taining more or less safrolo, which is largely used 
in the projiaration heliotropin ; sp.gr. (1) 
1)*860-()*!150, (2) 0‘950-1‘100 ; rotation (1) +12° 
to +32°, (2) 0° to +12°. Camphor oil contains 
n»inphor, terpineol, safrolo/* eugenol, cineole, 
pinene, phellandrene, dipentene, and cadinone. * 

Capanga oil v. Ylany Ylang. * 

Caraway oil. Distilled from the fruit of 
Garum Carvi (Linn.) [N.O, Umhelliferm), which 
is cultivated in England, Holland, Germany, 
Russia, and Morocco. The yield is from 
4 to 6 p.c. ; sp.gr. 0‘900-0‘9201 rotation 
+ 70° to +82°; refractive index (26°) 1‘485- 
1‘497 ; at least 60 p.c. should distil above 200°. 
It contains caj-vol or carvone (60-^0 p.c.), 
liinonene, dihydr^carvool, and dihydrocarvone. 
Much of the oil is partially decarvonised, the 
carvone being employed extensively for the 
production of the liqueur ‘ Kummel ’ {v, 

Liqueuks). 

Cardamom oil. Distilled from the seeds of 
Elettaria Cardamornum (Maton), var. j8 {N.O* 
Zingiberaceai), growing wild, and cultivated in 
Ceylon, Malabar, amf Mysore. The cultivated 
Ceylon variety furnishes the greater part of the 
oil of oomm^ce. The yield is from 3 to 8 p.c, : 
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•sp.gr, 0‘922 -0*050 at 2^ ; rotation -|-22° to 
4-46®. Tho wild Ceylon oil is inferior in quality, 
having a density of O‘'895-0*910 and a rj)ta» 
tiqnof 4-12° to 4-13°. Cardamom oil contains 
cinool (5-10 p.c.), (i-terpineol, limonene/and 
torpinene. • 

Cascarilla oil/ Distilled from the bark of 
Croton ""Eluteria (Bonn.) {N.O. Euphorh'acpcp), a 
native of the Bahama Islands ; tho yield is from 
1*5 to 3 p.o. ; ^p.gr, 0'890-0*930 ; rotation 
4-2° to 4-6°. It contains cymone, limoncne, 
eagenol, oascarillio, stearic, aqd palmitic acids, 
and two sesquiterpenes. 

Cassia oil. Distilled fr')m tlje bark, leaves, 
and twig^i of Cinnamomuin (Jama ( Blume.) (N O* 
La,uracp(n), indigenous to Cochin China and culti- 
vated in China. The yield is from 0*5 to 2 p.c. : 
sp.gr. l*0.50-r0()5 ; rotation 4-1° to ™ 1° ; 
refractive index 1*58,5 to I -505 ; soluble in 3 vol.s. 
70 p.c alcohol, it contains cinnamic aldehyde 
(75-95 p.c.), cinnamic esters,' benzaldehyde and 
methyl salicyl-ahlchyde, salicylic aldehyde, 
couinarin, salicylic acid, and terpenes. It may 
bo adulterated with resin, jietrolcuin, and fatty 
oils. Tho oil is sold in various grades according 
to cinnamic aldehyde percentage, the lower 
grades being usually reduced by th<^ addition 
of''resin. 

GedftfWOOd oil. Distilled from the bark of 
Juniperus vmjiniana (Linn.), tlu^ riid cedar {N,0. j 
Cupreasincm), Often obtained from the waste 
shavings from the manufacture of cedar pencils : 
sp.gr. ()*94()-0*9(>() ; rotation —2.5° to —4.5° ; 
refractive index, 1*50-1 *51. The chief consti- 
tuent is ooclreno (sesquiterpene) It contain.s 
8-10 p.c. of coclrol or cedar camphor, Avhich is a 
crystalline sesquiterpene alcohol melting at 
78°-80°. It is largely used in pm’fumory and 
soap manufacture as a fixative tor perfumes, 
am?, for microscopic purposes on aeeount of its 
high refractive index. Cedar loaf oil, obtained 
from the leaves of J. virgituanoy is dextro- 
rotatory -1-65^ to +05°, and has a sp.gr. of 
0*8H3'4)*888. It contains limoncne, cadmene, 
borneol, and bornyl esters. ' 

(Commercial cedar leaf oil is probably derived 
from Thuya Occident aU^ (Linn.), and of her allied 
tree.s. It has a density of (/"80()-0*920 and optical 
rotation —3° to —24°. 

Chenopodiuni oil V. Wormseed od. 

, Cherry laurel Oil is distilled from the leave!, 
of Prunus Lauro-cerasus (Linn.) {N.O. Posacicn), 
an evergreen shrub indigenous to south-eastern 
Europe and Asia Minor. It has a density of 
1*050-1*065 and contains benzaldehyde, prussic 
acid, and traces of benzyl alcohol. It differs 
very little from oil of bitter almonds. It is 
obtained als a by-product in the preparation of 
cherry laurel water ( B.P.), which is standardised 
to co'nta^ O’l p.c. of prussic acid, and is used 
for medicinal purposes. « 

Cinnamon oil. Distilled from the bark of 
Ginnamomum zey (Nees) {N.O. Lauraccoi), 

a native of Ceylon. The yield is from 0*5 to 
1 p.c. : sp.gr. 1*000-1*040 ; rotation 0° to — 1° j 
refractive index 1*565-1*682 ; soluble in 3 vols. 
of 80 p.c. alcohol. It contains cinnamic alde- 
hyde (55-75 p.c.), terpenes (phellandreno) and 
traces of ougenol. Dils containing a high 
aldehyde content (over 76 p.o.) may contain 
cassia oil or artificial cinnamic aldehyde, Th^se 
oils have a higher refractive inde^^ than 1*582. 


I English distilled oils have a low specific gravity, 
low aldehyde content, and a much finer aroma 
than heavier oils. 

Cinnamon leaf oil, distilled from the leaves 
and twigs of the same tree, contains 76-90 p.c. of 
1 eugenol and safrole, and only traces of cinnamic 
aldehyde: sp.gr. 1*045-1 *066; rotation — 1° 
to+l°; refractive index 1 *5^3-1 *636. Cinna- 
mon loaf oil distilled in the Seychelles is dove- 
like in odour and contains 85-95 p.c. of eugenol. 
The-oil distilled from tho root contains eugenol, 
safrole, camphor, benzoic aldehyde, and benzoic 
esters. 

Citron or cedrat oil. Obtained by expression 
from the rind of the fruit of Citrus Medica (Linn.) 
{N.O. Rtilacea’). The citron is very similar to 
lemon oil but ofmtains a slightly higher per- 
centage of citral. It is not now an article of 
commerce, but efforts are being made to grow 
the fruit in ('drsica for the production of the oil. 
t’aetiti^Mis oils are offered under both names 
composed of tho oils of other sjiecics of Citrus. 

Citronella oil is distilled from the fresh grass 
A ndropogou Nardus (Linn.), {Cijmhopogon Nardus 
(y,endle]) {N.O. OrumnuaJ, which is largely 
grown in (k-ylon and in the Straits Settlements. 
'Phe yield is from 0*5 to 1*0 p.c. ; tho Ceylon oil 
has sp gr. 0*900-0*915; rotation 0° to —21°; 
refrp,ctivc index 1*470-1*482: the Java oil has 
sp.gr, 0*88.5-0 *9 10 ; rotation 0° to —10°; 
refractive index 1*465-1*468. (Jitronclla oil 
contains goraniol, citroncllal, camphene, dipen 
1 tone, limoncne, and traces of hnalool, borneol, 
1 methyl heptonone, methyl ougenol, and sesqiii- 
i terfienes. It is largely used in cheap soap 
perfuiuc;ry. 'Phe (Jeylon oil contains a largo 
I proportion of goraniol, the total acetylisable 
constituents amomitiug to 58-65 p.c. In the 
.lava variety the citroncllal predominates and 
the proportion of acetylisable eonstituents is 
higher (75-95 p.c.) since cilronellal is converted 
into isopulegol acetate on acetylation. There 
are at least two viv^ioties of citronella grass 
cultivated: (1) the ‘ Lena batu ’ typo ; (2) the 
I ‘ Main Penghiri ’ type. The Ceylon oil is largely 
adulterated with Russian petroleum, the pro- 
portion of ]2i-16 p.c. having passed tho solu- 
hility tost whi(*h has been long in vogue. At- 
tempts are being made to establish a standard 
for tlio sale of the Ceylon oil on gerariiol content 
in the samc^y^ay as cassia and other essential 
oils are sold on their pereontage of odorous con- 
stituents. 

' Clov^' oiltiJ. distilled from the flower buds of 
Eugenia carifophyllata (Thmib.) {N.O: Myr^ 
lacccc)^ indigenous to tho Molucca Islands and 
cultivated in Zanzibar and Pemba, Sumatra, 
Penacg, Madagascar, Seychelles, Mauritius, and 
West intlios. The |riold is from 16 to 20 p.o. ; 
tho stems yield about 6 p.c. It has sp.gr. 1*047- 
1*065 (ougeiiot 1*070; caryophyllene 0*908); 
rotation 0° to —1*30° ; refrartive index 1*628- 
1*540; soluble in 3 vols. of 70 p.c. alcohol. 
'It^.iontams eugenol fd5-95 p.c.) and eugenol 
esters, caryophyllene. methyl alcohol, furfural, 
traces of amyl methyl Intone and methyl 
benzoate. Tho oil is very largely used for the 
production of vanillin. , 

Copaiba oil is distilled from tho oleo-resin or 
balsam of copaiba, which is an exudation from 
the tri^k of Copaifera Lansdorjii (Pegf.) and 
other species of copaiba (N.O, Leguminoace)^ 
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mdigonous to Brazil and northern S* America. 
The Para variety gives the highest yield of oil 
(60-65 p.c.), the Bahia yielding about 60 p.c., 
the Maranham and Maracaibo about 40 p.c. ; 
sp.gr. 0'896-0-918; rotation -T to -26'’ 
(oocasionally higher) ; refractive index 1*496- 
1 *600. It is chiefly composed of sesquiterpenes 
(caryophyllene). African copaiba oil is dextro- 
rotatory about but loovo-rotatory oils can 

be obtained from the wood of young branches. 
Gurjun balsam oil has a Ijevo-rotation of —35° 
and upwards. It gives an intense violet colour 
jvhen dissolved in glacial acetic acid and treated 
with a few drojjs^of nitric acid. 

Coriander oil is distilled from the fruit of 
Coriandmm sativum (Linn.) {N.O. Unihellifcrm), 
cultivated in most Jiiuropean ooutitrieR. Biissiaii, 
Moravian, and Thuriiigian fruits yield ()-8-l •() 
p.c. ; Prench, Dutch, and Italian b'4-0-0 p.c. : 
sp.gr. ()*870-0'885 ; rotation +8* to 4-14°; 
refractive index 1*463-] *407 ; soluble in ivols. 
of 70 p.c. alcohol. It contains eoriandrol 
(f/-linaloo] ) and r/-piiieue. Tlie body which gives 
the characteristic odour is unknown. It may 
be adulterated with orange and loinon tcrpiuH's 
or turpentine oil, which alicct the soliihddy 
and the rotation. 

Cubeb oil is distilled from the dried unripe 
fruit of Piper Cubeha (Jnnn.) {NX). Piperacccr), 
chiefly imported from Java. The yiidd is from 
10 to 18 p.c. ; sp.gr. 0*910-0*9.30 ; rotation - 26° 
to —40° ; refractive index 1*485-1*496 ; soluble 
in 3-10 vols. of 90 p.c, alcohol. It contains 
dipontene, Lpinene, camjiliene, cadincnc, and 
cubeb camphor, a crystalline Rcsquitcrjicne 
alcohol (rn.p. 69°-70°, h.p. 246°). 

Cummin oil is distilled from the fruits of Cum- 
iuum, Cprninmri (Linn.) (NX). UmbeUiferce), also 
known as the Roman caraway. It is <;ult,ivated 
in Syria, Morocco, Malta, and the East Indies. 
The yield is from 2*5 fo 4*0 ji.c. ; sp.gr. 0*910- 
0*930 (East Indian 0*893-0*899) ; rotation 
-f4° to 4*8° ; good oils dissolve in 3 vols., hut 
inferior oil may require 8-^0 vols. of 80 p.c. 
alcohol. It contains cumiinc aldehyde (cuminal) 
20-30 p.c., cymene, and a d(*xtro-rotatory 
terjieno, b.p. 166°, probably pinenc. 

Dill oil is distilled from the fruit of Aneihum 
{Peucedanum)gravrolens (Benth. k Hook.), NXt. 
UrnhellifercB. Indigenous to the (laueasus Jind 
Mediterranean eountyics, cultivated jn Bavaria, 
Thuringia, and Roumaniif. The yield is from 
3 to 4 p.c. ; sp.gr. 0*896-0*916 (usually over 
0*900); rotation 4-70° to 4-80° ^freffactive 
index 1*477-1 488 ; soluble in 3 vols. of 90 p.c. 
alcohol, 4-8 vols. of SO p.c. alcohol. It contains 
carvono (40-60 p.c.), lin^nene, and phelland^ne, 
but no dill apiol. East Indian und Japaijese 
dill oils obtained from Aneihum {Peucedanum) 
Sowa (Roxb.) have a sp.gr. ^*948-0*970, and 
a rotation of 4*41° t^ 4-61°- Tihoy contain 
dill apiol, a bodjl heavier than water, b.p. 
285°. 

Eucalyptus oil. Distilled frtim the leaves 
many species of Eucalyptus {N.O. Myrtacecc), 
that of Eucalyptus glolpdus (Labill.) being chiefly 
prized though the oils of other species often 
contain more oucalyptol. The bul]?: of the oil of 
commerce is now derived from E. dumosa (A. 
Gunn.), but several hundred species are known 
and employed for distillation. See Baker and 
Smith’s Re^arches on the Eucalypts, ncIV ed. 


1920. Indigenous to Australia, Tasmania, and 
New Zealand; cultivUbed in Spain, Algeria, 
and California. The yi^d is from 0*8 to 1*6 
p.c. *The following are the characters of oils of 
high leucalyptol content as required by the 
British Pharmatopoeia : sp.gr. 0*910-0*930{ 
rotation 4- 10° to — 10° ; refractive index 1*469- 
1*475 ; cii^pole (eucalyi)tol) 55-80 p.c. ; m5st oils 
are soluble in 3-5 vols. of 70 p.c. alcohol. Oils 
containing much phellandrene and but little 
cineole such as that of E. afnygdalina (Lab.) 
have a lower dcnsRy (0*855-0*896) and a higher 
IflBvo-rotation {— 26° to —80°). Eucalyptus oil 
contains cineole (oucdyptol), pinene, phellan- 
dfeiie, cymene,* piperitone, aromadciidrene, 
aromadendral, esters of eudesmic acid, eudesmol 
or eucalyptus camjihor, and traces of amyl 
aleoliol, valeric, butyric, and eaproic aldehydes. 
I’he medicinal rejintation of ^eucalyptus oil was 
largely founded on oils from E. ajnygdalina, 
which are of low eii«alyptol content. Jt is not 
by any means jirovorl that the .value of the oil 
is dependent on oucalyptol. 

The oils of Eucalyptus citriodora (Hook.) and 
E. moculnta (Hook.) do not contain cineole, but 
consist almost entirely of eitronciyil. They 
have 8]).gr. 0*865-0*9()'6 ; rotation, 0° to 4-2°. 
Dll from E, maearthuri contains geranjK 
ac(*t.a,tc. 

Fennel oil. Distilled* from the fruits of 
Famiculum vidgare {F. capdlnceum), N.O. 
Umhrlhferer), cultivated in Germany, France, 
Italy, Koumania, India, and Japan. 

Yield. — 4-6 }).c. 

Characters. — Sp.gr. 0*960-0*990; optical 
rotation, 4*6° to 4*24°; refractive index, 1*525- 
1*534; rn.p. 3°-6°; solubility 1 in 6 to 8 vols. 
of 80 p.c alcohol. 

Constituents . — Anethol (60-60 p.c.),fenchone, 
fi-pinene, and dipentene. ^ 

Eetnarl:s.-~Oi/ of Sweet Fennel {F. dulce) has 
a higher anethol cfintent, but docs not contain 
fcnchone. Oi! of Bitter Fennel is derived from 
the wild plant growing in France, Spain, and 
Algorul It contains much ti-phellandrene and 
some fenchone, hut no anethol. Jt has a lower 
density (0*906-0*926) and a higher optical 
^rotation (41° to 48°) iSiaii the true fennel oil. 
Od of Water Fennel, derived from the fruit of 
Phellandrium aquaiica, contains a bigli proportion 
ofqihellandrene. It has a densHy of 0*860-0*890 
and an optical rotation of 12°-] 6°. * 

For narticulars of fennel fruits aiid their 
•cs.seiitial oils, see Pharmaceutical Journal, 4th 
series, vol. iii. p. 91 ; also vol. iv. p. 225. 

Geranium oil {Rose -Geranium, oil or Pelar- 
gonium oil) is distilled from the leaves of Pelar- 
gonium odoraiinsimum (Soland), P. tapitatum 
(Soland), and P. roseum (R. Br.) {N.O. Oera- 
niacece). Indigenous to South Africa, but 
largely cultivate^ in France, Spain, ?Ugeria, 
and the island of Reunion. The yield is 0*15- 
0*35 p.c. ; soluble in 3 vols. of 70 p.c. 
rfilcohol. 

* Geranium oil contains geraniol, citronellol, 
and probably linalool, acetic, butyric, tiglic, and 
valerianic esters. The Spanish oil commands 
the highest price. The French and Algerian 
oils come next, and tho Bourbon, which is 
usually darker in colouRand has a characteristic 
odour, is generally of lowest value {v. table on 
p. 640). 
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0 

t 

French 

Algerian 

Reunion 

(Bourbon) 

Spanish 

"Sp.gr 

0*896-^*906 

0*890-0*900 

0-890-0-896 

0*889-0*898 

Rotation , . . f 

-7° to -16° 

—6° to —12° 

-8° to -11° 

-10° to -16° 

Refractive indfcx . 

1*466-1*468 

1-465--1470 

1*461-1*466 

1*466-1*470 

Esters calculated as geranyl 
tiglatg .... 

2^28 p.c. 

20-29 p.c. 

27-34 p.c.' 

35-42 p.c. 

Total alcohols as geraniol 

f 

about 76 p.c. 

about 76 p.c. 

1 about 80 p.c. 

1 

about 70 p.c. 


Indian geranium oil [Wtlcksh Gcmmum oil) 
V. Palmarosa oil «, 

Ginger oil is distilled front the rhizome 
Zingiber offic.inale (Rose.) (N.O. Ziv/jiberaceoi) : 
indigonona to tropical Asia, and cultivated in 
the East and West Indies and in Africa. The 
yield ia from 1 to .S p.c. ; ap.gr. 0-R72-0-8Sr> ; 
rotation —25° to —46° ; refractive index 1‘4H85- 
1’4960. It contains phelkndrenc, cainphone, 
and a sesquiterpene zingibcrcne, also traces of 
cineole, bornool, and eitral. 1 

Ginger grass oil is allied to palmarosa oil. I 
Its botanical source has been traced to Cyniho- 
pogon Martini (Stapf), var. moiia (A^O. Gra- 
mimive). it has sp.gr. 0-930-0'945 ; rotation 
■Th 29° to 4-54° ; esters 10- 25 p.c. ; total alcohols 
calculated as geraniol 35-70 p.c. It contains i 
geraniol, geranyl aceti^itc, dihydrocuminol, and 
traces of limonene, dipontenc, phellandrenc, 
carvone, and an ahlehyde not identified. 

Juniper oil is distilled from the berries of 
Juniperus communis (Linn.) {N.O. Comjeroe) and 
is produced chiefly in Hungary, where it is 
obtained as a by-product in the manufacture 
of gin. The Italian berries produce the best 
yield of oil, viz, 1-1 '6 p.c. The oil has ap.gr. 
0‘860-0*890, increasing with age ; rotation - 3° 
to —15°, occasionally slightly higher ; refractive 
index 1 ‘472 - 1 ‘488 ; soluble when koslily distilled 
in 4 vols. of 95 p.c. alcohol. It contains pinene, 
cadinene, juniper-cainphor, and a small pro- 
portion of esters, Pineno occurs to the extent 
of 25-00 p.c., and cadinene to the eyent of 
16-26 p.c. Juniper-camphor consists of a 
sesquiterpene alcohol (m.p. 105°-1()()°). 

Lavender oil. The tiariety princijially used 
in commerce is distilled from the fresh flowering' 
herb Lavandula vera (DC.) [L. officinalis (Chaix.)] 
{N.O. Labiatce)^ fpnd other species growing ^on 
the higher slopes of the Alps. The distillation 
is Carrie^ out on the spot by means of portable 
stills, to save cartage of the fresh herb. The, 
oil distilled in the lower districts is inferior to 
that of the higher. It has sp.gr. 0'883-0’895 
(occasionally higher); rotation —3° to —9°; 
esters ca^^culated as linalyl acetate 26-46 p.c. ; 
total alcohols as linalool 00-70 p.c. ; soluble in 
3 vols. of 70 p.c. alcoliol. Contains linalool, 
geraniol, nerol, linalyl acetate^ pinene, limonene, 
traces of cineole and thymoUmd a small quantity 
of sesquiterpene. 

English lavender oil, distilled in Surrey,, 
Suffolk, and Hertfordshire, has similar characters, 
but contains only 6-10 p.c. of esters calculated 
as linalyl acetate. Very little English oil is now 
distilled and its price is very hish. It contains 
more cineole than the French oil, which may be 
adulterated with artificial esters, ethyl oxalate, 
citrate, tartrate, benzoate, succinate, benzyl 
benzoate, &c. Admixture with spike bil is 


detected by the odour, and by the reduction o} 
e.stor percentage. 

Spike lavender oil or spike oil is distilled from 
the flowering herb Lavandula Spica (Cav. Desc-), 
which grows in'the lower mountainous regions of 
France, Sjiain, and Italy. Sp.gr. 0*905-0 ’9 16 ; 

I rotation —1° to -|-4° ; total alcohols calculated 
as borneol 2G-45 p.c. ; esters as linalyl acetate 
4-6 p.c. ; soluble in 3 vols. of 70 p.c. alcohol. 
(Contains linalool, borneol, camphor, cineole, 
terpineol, d-camphene, and a sesquiterpene. 

Lemon oil is obtained by mechanical means 
from the fresh peel of Citrus Limonum (Risso) 
\N.0. Uulacecc), which is largely cultivated in 
Southern Italy and Sicily. It is also grown in 
Spain, Portugal, Southern France, and in the 
West Indies, California, and Australia. It is 
produced in Sicily between November and 
I March. Sp.gr. 0*857-0*862 ; rotation 4-57° to 
4-65°; refractive index (26°) 1*473-1*470. 

1 Contains limonene (about 90 p.c.), pinene 
(traces), eitral (4-5 p.c.), octyl, nonyl, and 
decyl aldehyde, geraniol and linaloo’, and their 
acetic esters, camphene, phellandrenc and a 
sesquiterpene, limenc, identical with bisabolene. 
Lemongrass oil v. Verhermoil. 

Lime oil is obtained by mechanical means 
from the peel of the fresh fruit of Citrus Limetta 
(Risso) {C. Medico) {N.(/. Ilutacece), and is pro- 
duced in Italy in December and Januifry. It 
resembles oil of lemon in odour, but the eitral 
odour is more pronounced : sp.gr. 0*872-0*886 ; 
rotation -f 35° to 4-40° ; refractive index 1*476- 
1*486. Contains pinene, limonene, dipentene, 
eitral (6-10 p.c.), linalool and its acetic ester, 
and limettin (m.p. 147°). 

' Distilled lime oil is an oil of inferior quality 
obtfimed by distillation from the peel of the 
fruits of Cirrus McdicOy var. acida, grown in the 
West Indies, chiefly 'Montserrat ; sp.gr. 0*866- 
0*868; rotation 4-34° to 4*54°; refractive 
index ''i*47j)» -1*473. Contains pinene, limonene, 
dipentene, cymeno, terpineol, and a sesquiter- 
I pene, limene (bisabolene), ^ 

filyrtle oil is distilled from the leaves of 
Mmtus communis (Linn.) (A^.O. Myriacem)^ grown 
in Spain, Italy, the South of France, and Cyprus. 
It is a yellowish 'or greenish oil with a pleasant 
odour; sp.gr. 0*890-0*^16; rotation +10° to 
+30°. Contains pinene, dipentene, cineole, and 
a camphor b.p. 196°-200°. The 

jf."action, b.p. 160°-i80°, is sold as myriol, and 
contains cineole. «• 

Mustard oil is obtained from the seeds of 
the black mustard, Brasexca nigra (Koch) (N.O. 
Crucijerce) a^tor expressing the fixed oil. The 
pressed cake is macerated in water at 60°-70° 
for several hours, when a reaction takes place 
between the gluooside sinigrin (potassium 
myrdnate) and the ferment myresin with the 




OILS, ESSKN|IAL. 


production of essential oil of mustard. It 
is a colourless or pale yellow mobile liquid, 
with an intensely pungent odour and blistering 
properties: sp.gr, 1*014-1 -032 ; refractive index 
1*526-1*535 ; optically inactive ; distils between 
148° and 166°. It consists almost entirely of 
allyl iMhiocyanato C3H5N : C : 8 (95-99 p.c.), 
with traces of allyl cyanide. Artificial mustard 
oil is prepared by* distilling allyl iodide with 
an alcoholic solution of potassium thiocyanate. 

Nutmeg oil is distilled from the seed of 
* My msticn fragrans (Houtt.) {N 0. Myrislicaceoi). 
Indigenous to the Molucca, Banda, and Sunda 
Ifelands. The yield is from 8 to 16 p.c. Sp.gr. 
0-866-0*930; rotation +10° to d- 28°. Contains 
pinene,oainphene,dipentene,terpineol,myri8ticol 
(a mixture of alcohols, torpineol, Imalool, borneol, 
and goraiiiol), myristicm, an(f i.s-omynsticin, 
myristic acid, safrnl, eugenol, uoeugenol, esters 
of formic, acetic, butyric, and octoi^ acids. 

Oil of mace is practically indietinguisbablo 
from it, the oil being almost identical m character 
and composition. It is derived from the ardlm 
of the nutmeg fruit. 

Orange oil is obtained by oxjiression from 
the peel of the fresh fruit. T t consists principally! 
of two kinds, the sweet oil from (Utma Aunm- 
tium (Linn.), and the bitter oil from (J. Bujurmha 
(Loisol.) {N.O. Rutacea'), the latter being usually 
of somewhat higher value. The tree is indigenous 
to Southern Asia, but lar^’ely cultivated 111 
Southern Europe, Nortliern Africa, and the 
West Indies. The two oils are only (lislinguish- 
ablo by odour. The bitter oil has sp.gr. 0-848- 
0*853, and rotation -1-91° to -{-98°. The sweet 
oil has sp.gr. 0-846-0 *852, and rotation d 96° 
to +99°. Oil of Mandarin orange derived from 
Citrus Bigaradia, var. sinensis, winch is culti- 
vated in Cliiua, has a density of 0*852-0 *869, and 
an optical rotation of +65° to +75°. Oil of 
Taiujcrinc orange has cl^iractervS almost identical. 
Orange oil consists prineiiially of limoncne 
(over 90 p.c.), with small quantities ol eilral, 
citroiiellol, decyl, aldehyde ‘derpineol, linalool, 
methyl anthraniiate, and citraptone. • 

Orange flower oil {Neroli oil) is distilled 
from the fresh fiowers of the bitter and sweet 
orange, the former being known as ‘ Bigurade,' 
the latter as ‘ Portugal' It is pi’incipaUy 
distilled in the South of France. The petals 
are separated from the sepals, covered \fith 
water and heated by a coii|^)l steam jijies. The 
aqueous distillate separated from the oil is 
sold as orange flower water. The oil^a%.sp.gr. 
0*870-0 '886; rotation -1-0° to •+*"; ester 
content 7-12 p.c. Contains limoiiene, pinene, 
dijientend; terpineol, linalool, geraiiiol, |,iid 
nerol and their acetic esters, methyj anthraniiate 
and paraffin hydrocarbons. • 

Orange leaf oil, generally kneiwn as Petitgrain 
oil, since it was originally obtained from the 
small immature fru^s, is |iow distilfed from the 
leaves and young slroots oT the bitter and sweet 
orange, the former comni|inding the liighcL 
price. The best oil comes from the South or 
France, Spain, and Algeria ; a slightly inferior 
quality is exported frofh Paraguay. The French 
oil has sp.gr. 0*885-0-900 ; rotation —5° to +3° ; 
esters calculated as linalyl acetattf 50-85 p.c. ; 
soluble in 3 vols. of 70 p.c. alcohol. Contains 
Umonene, linalool, geraniol, nerol, and their 
aoetio esters/ia sesquiterpene and stearop^ene. 
VoL. IV.— r. 


The Paraguay oil has sp.gr. 0*884-0*896 ; 
rotation ^-2° to +8°^ esters calculated os 
linalyl acetate, 35-66 p.c. soluble in 1 in 3 vols. 
80 alcohol. (Contains pinene, dipentene, 
cani^ne, and esters of terpineol and geranioU 

OrjQsanum oil ^ Thyme oil. 

Peach kernel oil v. Bitter olmgml oil. 
Palmarosa oil or Indian geranium oil, some- 
times incoft*ectly termed Turkish geranium oil, 
18 distilled from the grass Avdropo^on Schce- 
nanlhiis (Benth.) {Cyinboiiogont, martini, var. 
Bofia) {N.O. Graminem), a plant widely distri- 
buted m India a*id luund also in tropical 
Western Africa. It has sp.gr. 0-885-0*895 ,* 
*ro^atiou —2° to«+2°,^ esteis 5-11 p.c. • total 
alcohols calciilalcd as geraniol ,76-95* p.c.; 
soluble in 3 vols. of 70 p.c. alcohol. Contains 
geraniol, acetic and capruic esters, and traces of 
eitronellol, inetliyl licptciiom', and dipentene. 
I’lio oil is now seiiu'times mixed with certain 
oils rich in geraiiud pioduced from other 
grasses. 

Parsley oil is distilled from ihf fruit of Carnm 
Petrosclinnm (Benth. and Hook.) {Pctroselinum 
sa(iinnn) {N.O. Umbdlijircc), indigenous to Asia 
Minor and tht; ]\lediterranean countries, culti- 
vated in all moderate climates. It^s colour- 
less, ycllowisli or yellovush-grcen, partially soli^ 
at oiduiaiy temperatures: sp.gr. 1*050-1*100; 
rotation — 5° to — 10°. Contains ajiiol (m.p. 30°, 
b.]). 294°) and teiperies, ])rftbably Cpiiieiie. Tlie 
oil from the root is similar in character, whilfst 
that from the flesh lieib has a lighter specific 
gravity. 

Patchouli oil is distilled from the fresh and 
dried leaves of Pogosiemon lleyncanus (Benth.) 
[J*. Patchouly, Benth.) [N.O. Labiatce), which is 
cultivated in tlie Straits ISettlementa and in the 
West Indies. The Java oil is probably derived 
from a difi'erent species. It lias sp.gr. 0-960- 
0-995; rutatmi —40" to —68°; patchouli 
alcohol, ChsBoeOg, soluble in 10 vols. of 90 p.c. 
alcohol. Contains patchouli alcohol (ra.i). 56°), 
also termed patchouli camphor, cadinene, 
bcnzaklehyde, and cinnamic aldehyde. 

Pennyroyal oil is obtained from the fresh herb, 
Mentha PuUgium (Linn.) {N.O. LahiatcB), and is 
jirincipally distilled in ijjpain, Southern France, 
•Hid Algeria. The oil ot American pennyroyal 
or hedeoma oil is obtained from Hedeoma 
'pulegiotdcs (Bers.), which is widely distributed in 
Nof th America. The two oils arc very similar in* 
character; the European oil has sp.gr. 0*930- 
0*960; Putation +13° to +36°; the iftnerican 
oil has sp.gr. 0*925-0-960 ; rotation +18° to 
+22°. Both oils are soluble in 3 vols. of 70 p.c. 
alcohol and contain pulegoiio (b.p. 221°-222°) 
as the chief constituent. 

Pepper oil is tiistdled Irom the unri^ berries 
of Piper nigrum (Linn.) {N.O. Piperaceoi), 
cultivated in Southern India, the Philippines, 
and the West IndAsa* It is colourless or yellow- 
ish-green, and has sp.gr. 0*870-0*900 ; rotation 
—5° to +2°. Consists almost entirely of ter- 
renes and sesquiterpenes, phellandrene being 
th^ only constituent actually identified. This 
oil is rarely met with in commerce. 

Peppermint oil is distilled from tlie fresh and 
dried flowering herb Mentha piperita (Linn.) 
{N.O. Lahiatoi), of whicji several varieties have 
been obtained by cultivation. The commercial 
oil cati be classified into three distinct varieties, 

2 T 
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English, American, and Japanese. The English 
is of two kinds, ‘ bl^k ’ and ‘ white.’ The 
‘ white mint ’ oil i|; considered superior in 
quality. The greater bulk of commcrciaUoil is 
American, but this is inferior to the English oil. 
Japanese and (-hincso pciip^^rmint oil is the 
chief source off menthol, of Mhieh it contains: 


from 70 t« 90 p.c. Much of the Japanese oil 
imported has been partially dementholised and 
contains only about 40 p.c. of total menthol. 

Most oils dissolve in 3-4 vols. of 70 p.c. 
alcohol, but become turbid with more alcohol 
unless rectified by redistillation. They contain 
menthol, and inenthyl esttws, menthone, pinene, 


— 

English 

American , 

Japanese 

Specific gravity .... 

0 '900-0 'tUO 

0'900-0'920 

0'900-0'910 

Rotation ..... 

- 22" to -33" 

-18" to -33° 

—30" to —42" 

Total menthol .... 

66-00 p.c 

60-05 p.c. 

70-90 p.e. 

Esters calculated as meiitliyl i 

Black, 6-7 p.c. j 

— 

' — 

acetate . . .1 

Wliitje, 8 -16 j>.c. 

5 -14 p.c. 

3-0 ]».c. 


phellandrcue, cineoie, acetaldehyde, dimcth>l 
sulphide, and a sesquiterpene. This oil is now 
largely distilled in the South of Fianeii and 
Italy from plant., originally imported from 
Mitcham (England). For the eharacl-ers of the 
oils and other ])articuJais, -ste J'erfumerv and 
Easential Oil Record, J 910, 292 .300. 

Pimento oil {oil oj allspice ov Jamaica pepper) 
is distilled from the uiiri]ie Iriut of Pnnenla 
officinahs (Lmdl.) {N.O. Mipiaecw), indigenous 
to the VVuiit Indie.s ; sp gr. 1 '040-1 '055 ; rota- 
tion 0“ to —4® ; phenols fifi - 75 ]>.e. ; .soluble in 
3 vols. of 70 p.c. alcohol. Contains eugeiio! and 
eugcnol methyl ether, citieole, jJieilandieiie, 
caryophyllene, and pil'lmitie aeid. 

Pine oils {Tinpinluic oil) (sometimes callial 
spirits of turpentine) are derived liom various 
species of Piniis {N.O. (Jonijera:). 'I'ho olco- 
resin occurs in special rc.siii duds in the woody 
portion of the trees. 'J'he living tiee is ‘ tajtjxMl,’ 
and the oleo-resin or tuipentim- winch cxiule.^ is 
collected. The oleo-re.sm on dist illation amIIi 
water yields oil of turjieiitiiie and the re.sidue is 
known as colophony rtsm. (t is obtained 
phrincipally m North America, liMt is also pro- 
duced largely in Northern Europe and the 
mountainous districts ot Central lOiirope. 
American turpentine oil is derived i»riiicipally 
from Phius pal ustris (Mill.) {J\ auslrah'^) and P. 
T(B(ia (Linn.) ; the French from Pimis Pinaster 
(Boland); the Russian from Pin us sy I vest ns 
(Linn.); and the Indian from i^inus longifoha 
(Hoxb.). The American is cliiefiy met with iin 
English commerce ; the French variety more 
commonly on the Continent. Russian tui pcntiiie 
is inferior in quality, as it has a strong eliaraclL'r- 
istic odour and is not easil y dcMidonsed. Swedish 
turpentiile is princijiully dcrivetl liom P. sylvis- 
trim, and closely resembles the RusHiaii nioduct. 


— 

j American t'lcncJi 

1 Jt ussiun 

8p.gr. 

J'855-0'877j ()'S55- 0'874 

()'8.'")5-0'S74 

Rotation 

-f-1" to +0"| — 18" to —40' 

-f5 tod 10" 


Most turpentine oils dissolve in 5-8 vols. of 
90 ]>.e. alcohol, *”but the solubility increases with 
age owing to the formation of soluble oxidation 
products. 'I’hey an‘ soluble in an equal volume 
of glacial acetic acid. Oil of turjicntirie is com- 
j)()sc(i almost entirely ol liydroeaiboris, chiefly 
juiK'iie, w'ltli traces ol oxidation products such 
as formic and acetic acids and resin. C'ampheiic 
and dijietileiic an* usually ]jresciit and traces of 
‘-ildehytle. Turpentme oil reaibly oxidises to 
resiiums substances on expo.sure to air and 
light, and on this iinqierty dejiciids its use in 
paint, s and variiishes. 

Pino needle oils or Pine leaf oils are obtained 
troin the fresh leaves of various species of 
Pi n us. The chici varieties found in English 
comiiicrec are those ot Pin us Punnlio (llaenke) 
and sihinca. The oil from Piniis Pumiiio, 
ollicial in the lintish Phannacopa*ia of 1898, 
is di.stilled ill lluiigiiry and tin* Austrian Tyrol 
iiom tJio leaves and twigs. It contains little 
pmene, consisting principally of phellandieiie 
and sylve.strcne, whilst cadinene has been 
found 111 the higher boding fractions. Only a 
small ])roportion of esters ;s present. 

Oil of Allies sibirten is distilled from the 
fresh leaves and twigs in Northern Russia and 
the slopes of the 'Ural mountains. It has a 
strong chaiacteristic odour and eoiitaiiis 30-40 
p.c. of estens eliielly bornyl acetate. It is more 
soluble than other pine oils, forming a clear 
solution in an equal volume of 90 p.c. alcohol. 

.Oil of Pinas sylvesins {Fir wood oil) was 
ollif ml in the 1886 edition of the Rntish i'luirma- 
cojiiwia, but the geiiimie, oil is now practically 
unobtamal'^e. It consists eivK'lly oi d-jiineiie 
and contains only a small ])roportJoii of esters. 
(HI ofiAb^'^jieclinula (i>.C.) Alba (Mill.)], 
is a fragrant oil distilled principally in Switzer- 
land. It contains Jimonene as well as pinene 
and., a sesquiterpene. The oil from the cones 
of the same species, kHown as tewplin oil^ is 
muhli lighter in density and has a higher optical 
rotation. It coiifdsts principally of limonene. 


' ClUllACTERS OF PrNE-M KKDI.K 


j 

Speeiflc* gravif.y 

: "i 

" Kutatioii 

^ listers 1 

'P. Pumilio 

0'803-0'875 

-0" to -14" 

6-7 pTc. 

A. sibirica 

. , 0 '900-0 '930 

-.32" to -45" 1 

30-45 p.c. 

P. sylveUris 

A . peClinata . . ^ 

0'868-0'925 

-b5"to-]-7" 

3-1 1 p.c. 

. 1 0'870-0'876 

i -20" to -00" 

6-12 p.o. 

A. p^iinata (cones) . 

. O'853-0*870 

1 • 

-00° to -76" 

0-6 p.c. 


Listllliiig 

between 


0-12 p.c. 
6- 10 p.c. 
40-66 p.c. 
0-10 p.c. 
6-10 p.c. 
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Pirn tar oils are by-products in the manu- 
facture of charcoal and wood tar by the dry 
distillation of resinous wood. They have an 
empyreumatio odour and arc usually yellow or 
light brown in colour. They contain pinene, 
sylvestrene, and dipentene, together with 
decomposition products. The crude oil is 
purified by distillation with milk of lime. 
Pine-tar oil has a ap.gr. of 0‘8()5-0’890, and an 
optical rotation of -4-18® to -4-22®. About 26 
p.c. distils below 185®. 

* Rose oil {Olio of roses. Attar of roses) is 
obtained by (listilling the fn^sh flowers of Bosa 
dttmisceua (Mill.) {N.O. Bosaceve), which is culti- 
vated principally in Bulgaria and on the slope.s 
of the Balkans, and also in France and Germany. 
It is largely produced by the Bulgarian iieasants 
ill primitive stills. It is a light yellow nr .slightly 
greenish oil forming a crystalline mass below 
18®; sp.gr. 0'851--0'8(>2 at ; lotatioii 

—2® to —4®; refractive index at 25®, 1*458- 
1 •405 ; total alcohols calculated us gei?imol 
05-75 p.c.; m.p. after solidiOeation l8'’-22®. 
The odorous portion is soluble in 70 p c. 
alcohol, but the stearoptene is practically 
insoluble and can be separated by liltration from< 
.the alcoholic solution. The odorous ])ortion 
consists chiefly ul gcraniol and eitronellol 
(30 to 40 p.c.). Traces of iihcnyl ethyl alcohol, 
iicrol ami farnesol are also jiresent. The 
odourless stcarupteiie exists to the extent of 
10-10 p.c., and consists of two hydioe-arhons 
melting at 22® and 40® respectively, the ini\tui(^ 
melting at about 34®, Otto of roses \vas formerly 
much adulterated, and is even now to some 
extent with geraiiiol and eitronellol and oils 
contaimng these bodies ( Perfumery and Msseiitia) j 
Oil Record, 1910, 188 and 217). 

Rosemary oil is distilled from the leaves of 
Rosmarinus officinalis (Linn.) {N.O. Labiaicc). ' 
Indigenous to the Mediterranean countries, 
principally France, Spam, and Italy. The leaves ! 
are collected after the flowering jieriod and aie ' 
dried for a few days in the s in before distilling, i 
'riic oil 18 produced in limited quantity in Great j 
Britain, this vai’icty commanding a veiy high 
price. It lias sp.gr. 0* 895-0 *920 ; rotation | 
4-0® to -f 15® (sometimes leevo-rotatory) ; total j 
alcohols calculated as borneol 10-18 p.t* ; | 
eaters calculated as bornyl acetate 2-0 p^c. ; 
soluble in 10 vols. of 80 p o. alcohol. Contifins 
pinene, camphciie, cineol^ caiuph*#, horneol, 
and bornyl acetate. 

Rosewood oil (oil of Bois de Aow, ma/^iis ob- 
tained by the distillation from tiic woou of Lieana 
guianensis (Aublet) [? OcoU a caudata (Mcz.)] 
{N.O. Laitraccce), collected in French Guiaiu^ A 
similar oil is obtained trftm the wopii of Protium 
aliissimum (March.), known as Bois de Rbse 
femclle {see Forfumeryand EssintialOil Record, 
1910, 32). Rosewood oil has ap.gr. 0-870-0'880 ; 
rotation —15® to — J7° j soluble in^ vols. of 70 
p.c. alcohol. Contains linalool, gorq,niol, ter- 
pineol, nerol, and traces of metljyl hoptenone. 

Llnaloe oil {Lignaloc ^il) ia an oil of similar 
composition obtained from the wood of Bursera 
Delpechiana (Poiss.), C. Alolvijlon (Engl.), and 
other species. It it principally distilled in 
Mexico : 0*875-0*895 ; rotiftion — 5® to 

— 12° (sometimes dextro-rotatory); soluble in 
3 vols. of 70 p.c. alcohol. Contains linalool, 
with goi*anioVd*terpineol, and methyl hepte^one. 


Rue oil is distilled from the herb Ruta 
graveolens (Linn.) {N.^ Ruiaceas), which is 
indigenous to Europe. Q^her species are also 
cultivated in Algeria, Ruta {bracteosa) chalepensis 
(Linn.) and R. -monta'na (Mill.), It has sp.ga 
0*830-^*845; rotation -f0° to 4-2*30®; m.p. 
-1-9® to -flO®; soluble in 3 yols, of 70 p.c. 
alcohol. Consists jirinci pally of methy^ionyl 
ketone, witA some mcthyllicptylkctoiie. Traces 
of methyl aiithranilate give the ffuoreseent 
appearance to the oil. Algerian oil from Ro- 
bracteosa consists ])nncij)nlly of methylheplyl- 
ketone and does nci solidity. 

Sage oil is distilled from the fresh leaves 

Salma officii^ilis tLiiin.) {N.O. Labiata’). 
Indigenous to the l^orthern MediteiTaneaii 
countries: sp.gr. 0*910-0*930: rotation -flO® 
to 4-25®; soluble in 3 vols. of 80 p.c. alcohol, 
'riie Sjianish oil has.a lavender-like odour and 
contains linalool probably detivcd from admix- 
ture with lavender ]ilants. Oil of ‘clary sage,’ 
Salma is i‘m])1oyediu perfumery, but the 

supply IS limited. • 

Sandal-wood oil is distilled from the wood of 
Santnlum cdbum (Linn.) {N.O. Sanlalacece). 
Indigenous to the mountiuns ot India and 
cultivated under Government contrel : sp.gr. 
j 0*973-0*986 ; rotation -13® to —21®; 
saiitalol 90-9() {).c. ; soluble in (i vols. of ™ 
p.e. alcohol at 20®. tjontains santalul, a mixture 
of tw(» sesquiterpene alcoftols CjgHjj^O, santalal 
(ail aldehyde), santaiene, and santene. 

West Indian sandaUivood oil, derived from 
Amt/ns balsamijera (Lnin.), is lighter in density 
(0*900-0*907), and lias a rotation of 4*24® to 

4- 29". It dillers in composition from the Fast 
Indian oil. 

West Australian tSandal-wood oil, derived 
from Rusanus spiral us, R. Br. has a density of 
0 956-0*906, rotation - 5® to 45°, and contains 

05- 75 [j.c. of t(4al alcf)hols calculated as santalo#. 
By fractionation, an oil appioaching the British 
Pharmacopfma characters for sundal-wood od 
lias been ]jroduced, hut its composition is 
nut id^itieai with that of the JOast Indian 
f>ii, aiKiits medicinal properties have not been 
satisfactorily esiablishetl . 

Sassafras oil is disy^lled from the root of 
»Sassafrus officinale (Nees.) {Laurus Sassafras 
(Nees )) {N.O. hauraeca>), a native of North 
America, Canada, the United State's, and 
M^ico. The best yield of oil is obtained from# 
the root bark: s]).gr. 1*005-1*095; rotation 
-f-l® to *4-4®; soluble in 3 vols. of* 90 p.c, 
'alcohol. Contains safrol (80-90 p.c.), pinene, 
phellandrene, eaiiiphor, eugenol# y-nd cadinene. 
Hatrole can he separated by fractional distilla- 
tion and cooling, but commercial li^frole is 
usually obtained from eamjdior oil. 

Savin oil is distilled from the fresh leaves and 
twigs oiJuni perns Sabi na (Linn. ) {N.O. Co%iferm). 
Distilled ill Great •Bi’i tain and Germany : sp.gr. 
0*910-0*930; rotation 4-40® to. 4 08^ ; esters 
calculated as sabmyl acetate 30-47 p.c. ; total 
5hbinol 46-55 ji.c*. ('ontains sabinol, and 
saWiiyl acetate, pinene, sabinene, furfural, decyl 
aldehyde, dih3'*dro-cuminol, cachnene. French 
savyi oil is derived from J. phmnicea (Linn.) 
and contains a large percentage of pinene. It is 
lighter in density (about^)*890), has a much lower 
rotation ( -f4° to 4-5°) and contains only about 
10 p.t. of esters and 17 p.c. of total sabinol. 
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Spearmint oil is distilled from the fresh herb 
Mcnhha viridis (Linn. American) and Mc7dka 
crispa (Linn.) (German), and probably other 
species of Mentha {N.O. Lahiaim) : sp.gr. t)*920- 
; rotation —36° to — 48°; soluble in an 
equal volume of 90 p.c. alcohol, but be/oniing 
opalescent on djlution. Contains carvone, phel- 
landrpue, limonene, pinene, and traces of valeri- 
anic esters. The body having the clfaractcristie 
odour, according to Elze, is the acetic ester of 
dihydrocuminol. 

Star anise oil v. Am^c oil. 

Tarragon oil or Estragonr oil is distilled from 
the flowering herb Arlctnuia Jhacvncnhis (Linn.) 
{N.O. CompoHiice), Indfgenous to Siberia apd{ 
oultiviltcd ip Europe, used in the manufacture 
of sauces: sp.gr. 0-890-0'960 ; rotation -f2° to 
4-9° ; soluble in 10 vols. of HO p.c. alcohol. 
Contains estragol (methyl chavicol), jihellan- 
drene, p-methoxycinnamic aldehyde, and an 
oiefinic teiqiene. 

Terebene v. TerpvMcs. 

Thyme oil. ‘Ked Thyme oil is distilled 
the fresh flowering herb Thijmns imhian'^ (Linn.) 
{N.O. Lalnatoi). it is principally grown in the 
mountainous jiarts of tSouf berii Crance, fSpanish - 
thyme oihis probably derived from a speiaes of 
Onyanumf as it contains caivacrol but little 
Cliymol. Oil of wild thyme from Thymnt^ 
serpyllum contains but a amull proportion of 
phenols. Eroneh oil' has sji.gr. 0-905-0'f)60 ; 
rotation (after redistillation) 0° to —2° ; phenols 
absorbed by 5 p.c. solution of potash 20-45 p.c. ; 
Spanish oil has sji.gr. 0’930 -0-950; jihenols 
absorbed by 5 yi.c. solution of p(*tash 40-70 yi.e. 
Thyme oil is soluble in 2 vols. of HO ]).c. alcohol, 
and contains thymol and carvucrol, eyiuene, 
pinene, borneol, and Imalool. 

Origanum oil is distilled from a anouB species 
of origanum, the oil imported from Trieste being 
ohietly derived from Origanum. Jiirfum (Link.), 
that from Asia Minor from O. {.smip'iueum) OmU .s 
(Tdnn.), and Cyprus oil from Orujanum Mivjoran- 
()ul(u (Linn.) {NA). Lohiafa’). 


\ IVicste Siuynui : Cyprus 

___ ^ i 

( ' 

Spur. . , 0'n40-0!>H0 0 -0 Ol.') , 0 000 U70» 

Kotation , I 0° to — I" 

riienols (ab- i 

sorbed by 5 , 

e ]i e. solution 

of potash) . CO-S.") p.c. 


All are soluble in 3 vols. 70 p.c. alcohol and 
contain carvac'iol and eymeiie ; Smyrna oil 
contains linahjol ; Cyprus oil contains origanene 
and tracUB of hydroxymetboxycymene. Oils of 
good quality contain over 65 p.c. of phenols. 

Verbena oil. True vervain oil is distilled 
from t^ie leaves of Verbena tpphylla (L’ Merit.) 
(Lippia Citriodora (H. M. &.'K.)), which is culti- 
vated for decoration purposes in 8pain and the 
South of Erance, the oil being distilled only ip 
small quantities : sp.gr, 0-894-0-918 ; rotation 
— 12° to —16° ; contains 21-28 p.c. of citral. 

' Indian verbena oil m- lemongrass oil has 
largely replaced the true verbena oil, at it 
contains a higher percentage of citral. It 
is distilled from the graises Cymhopogon i^itratus | 
(Stapf) and C. flexuosus (8tapf). The farmer j 
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is the source of the Ceylon and Htraits Settle- 
ments oil, the latter of the Malabar and 
Cochin. C. ciiraiun is also cultivated in the 
West Indies, hut the West Indian oil is lighter 
in density and less soluble than the East 
Indian variety. 

I East Indian { West Indian 

8p.gr. . I 0-895-D-9()l) ; 0-877-0 887 

Rotation .| -|-3° to -3° ! -f 2° to -2° 

8olubility . i 1 in 3 volumes of , Not solubjp in o 

j 70 p.c. alcohol j 90 p.c. alcohol 

The chief constituent is citral, of which good 
oils contain 75-85 p.c. Otlier constituents arc 
methyl heptenone, limonene, and clipentenc. 
An oil of similar constitution, and containing a 
still higher percentage of citral, is derived from 
the leaves of Baekhoutia citriodora (E. Muell.) 
{N.O. MyrUtace), a small tree indigenous to 
()lucnisland. It has a syi.gr. of 0*895-0-900, is 
ojitically inactive, and contains about 95 yi.c. of 
citral. 

Wintergreen oil is distilled from the leaves of 
Paiilthcna pro< umheim (Linn.) {N.O. Erteaccoi). 
IndigiuiouH to the United States. The oil is pro- 
duced by a kind of fermentation from a glucosido 
yaultheiin by the action of an enzyme, it has 
sp.gr. 1-J80- 1-187; rotation — 0°25' to — J°. 
Consists almost entirely of methyl salicylate 
(over 99 p.c.) with ti.icf’s of an alcohol, ester, 
ketone, or aldehyde, and a paraffin hydro- 
carbon melting at 65°. An oil almost identical 
w’lth the foregoing is obtaim-d tiom the bark of 
Bctula lento (Linn.), tli(! sweet birch {N.O. 
Betulacice). This is now- mainly sold as winter- 
grocn oil. It (liflVrs from true wintergreen oil in 
being optically inactive. Methyl salicylate is 
]u-oducod syntlu'tically on a large scale, and its 
dc'tcction in oil of wintergreen is very difficult 
{■see Perfumery and Esscihtial Oil Record, J915, 
pp. 105, 125). 

Wormseed oil. ^The European oil is distilled 
from the expanded flower buds of Artemioia 
martiima (Liim.) {N.O. Comjiositai) and other 
species, indigenous to 8onthei-n Russia and the 
Jjcvant. Owing to the high price of raw material 
it IS very scarce and has been almost entirely 
silpcrseded by the American oil. Levant 
womseeii oil has a sii.gr. of 0*915-0-940, and is 
laivo-rotat^'ry from — ]° to —5°. Contains 
eineole, dijientene, t8rpinene, ierpineol, and a 
sesquiterpene. 

ArfleriCan wormseed oil is derived from the 
seeds of Chenopodium atnhroftioides, var. antheB 
mintu'um. It has sp.gr. 0 '950-0 *990 rotation 
— J' to —10°; saponit' cation about 8-5 (after 
acqtylation h,bout 280). Contains cymeiic, 
terpmene, and ascaridolc (60-66 p.c.), a body 
closely allied to Eineole, decomposing violently 
on boating »to about 1,50°. Ascaridolc has a 
density of 1-008. < 

Ylang Ylang oil is distilled from the flowers of 
(Annanga odoratd {VLiyok.) {N.O. Anonacece). In- 
digenous to the Malay s^i chipelago and cultivated 
in the Philippine Islands., 

Cananga oil consists qsually of the higher 
fractions and contains a greater proportion of 
sesquiterpenes, but in some districts the entire 
oil is sold as cananga oil. The majority of 
samjiles fall within the following lipits — 
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Ylang Ylang 

Oananga 

Manila oil 

Sp.gr. . 

0 030-0-900 

0 910 -0-940 

0 900-0 945 

Rotation 

-38° to -4.5“ 

-17° to -.55°! 

-22° to -50“ 

Sapon. No. . 

95-130 

45-100 

71 -1.54 


Ylang yjang oil fferma a clear solution wtth 
1-1^ vols. of 90 p.c. alcohol, becoming turbid 
^on further addition of alcohol. Contains methyl 
and* benzyl acetates and benzoates, linalool, 
^raniol. eugenol, wocugonol, methyl ether of 
p-cresol, methyl salicylate, methyl anthranilate, 
and an odourless sesquiterpene alcohol melting 
at 138°. Cadiiiene is also present. For other 
commercial varieties the follo^ng characters 
have been recorded ; — 

— Ileuiiion oil j MailaKascaPj Seychelles 

Rp Ri'. . . 0 i)3!) -0 1)(57 ' 0 90 1 -U ')81 ' 0 !)2 1 0 07)8 

itotiitlon . -;}()" to 04^1 -r>0" -1 8“ to -45° 

Rapon. J^o. . 9(i 98 | 110 — 

“ “ c.T.ir' 

OILS (FIXED) and FATS. Oils and fats 
are distributed throughout the vegetable and 
animal kingdoms from the lowest organisms uj) 
to the most highly organised lonns of vegetable 
and animal life, and are found in almost all 
tissues and organs. The vegetable oils and fats 
are deposited in considerable quantities in the 
seeds, and are associated thi're M'lth starch, 
nitrogenous substances, &c., to serve as nourish- 
ment to the embryo. Exceptionally, oil has 
been found in considerable quantities in the 
rhizomes of Cyperus e<<iculeritu.^ (Linn.). In the 
animal organism, oils and fats are mainly 
enclosed in the cellulai* tissues of the intestines 
and in the tissues nearest the outer skin. 

The fatty (fixed) oils ami fats form a well- 
defined and homogeneous giimp of substances, 
passing through all gradations of consistency, 
n’om oils which are fluid even below the freezing- 
point of water, up to the hardest fats which 
melt at about 60°. Therefore no sharp dis- 
tinction can be made between fatty oils and fate. 
Nevertheless, it is convenient to apply the term 
‘ oil ’ to those glycerides which are fiuid below 
about 20°, and the term ^fat ’ to tnose which 
are solid above this temperature. 

The natural oils and fats may, prtctical 
purposes, be looked upon as consisting in the 
main of mixtures, in varying proportions, of the 
triglycerides described imdcr Glycerin. • 

No natural oil or fat consists 4)f one simple 
triglyceride, although some of the vegetanle 
fats derived from the Myristic^ACe contain very 
small quantities only of fatty aeidj other than 
myristic. The natiyal oils animats must rather 
be looked upon as mixtures or compounds of at 
least two or three triglyce#ide§, the most im^ 
portant of which would •be represented by tri- 
laurin, trimyristin, tr^alraitin, tristearin, trio- 
lein, trilinolin, trilinomin, triclupanodonin, and 
triricinolein. The ^ycerides of hydnocarpic 
and chaulraoogric acids are characteristic of the 
fats of the chaulmoogra group {q.v,). Other 
glycerides occurring in much smaller quantities 
are glyceridbs containing butyric aci(> (in 
butter fat), caproio, caprylie, cajiric acids (in 


butter fat, coconut , oit# palm-nut oil), lanric 
acid (in coconut oil, palm-nut oil, dika fat), 
and afachidic acid (in arachis oil). 

A fjystematic survey of the most important 
fatty acids occurring in oils an^ fats as glycerides 
is given in the table on p. 647. • 

In eons^’iquenco of the distjovery of mixed 
glyGcriile.s, the question whether m^ed gly- 
cerides occur in the natural fats lar more 
frequently than has been assun*ed hitherto has 
become a very important one. A good deal of 
evidence goes to Show that the amount of 
simple triglycerides in ^eh common fats as, e.g., 
•laUow and lard il very small indeed, ar^i that 
the bulk of the tngl 3 ^ceride 8 consists of mixed 
glyeeride.s. At present, however, our knowledge 
is'still too limited tr) justiri^ any definite expres- 
sion of {)])inion as to tilie exact composition of the 
glyeeride.s in the natunil fiilff and fats (c/. also 
Glycerin). • 

To sum up, oils and fats must not be looked 
upon as chemical individuals, *but rather as 
I nqiresentatives of natural species which vary, 

! although within certain narrow limits, according 
^ to the climate and soil in which the plants 
1 producing them are growm ; or, in tBe case of 
I animal fats, according to the climate, the ra^at;, 
the age of the animal, and especially the food, 
and also to some extent the idiosyncrasy of the 
individual. 

Freshly-prepared fats apparently contain 
only triglycerides, and under normal conditions, 
monoglyccridcs and diglycendea do not appear 
to bo ])ia5.sent. The occurrence of the diglyceride 
of erueic acid in a specimen of crude rape oil is 
due to tlie fact that that specimen had become 
rancid, with the formation of low’cr glycerides 
! than a triglyceride. 

Monoglycerides and diglyceridcs {see also 
Glycerin) hairo hitherto been obtained onl^ 
synthetically. As they have not acquired any 
practical importance, the reader is referred to 
the list of monoglycerides and diglyceridcs 
collatet^n Lcw kowitsch’s Chem. Technology. 

From the table given on p. 646, it will be 
gathered that, for practical purposes, a classifica- 
tion of oils and fats car»be based on the nature 
^if the fatty acids as measured by their degree of 
un.saturation. 'riiLs is best ascertained by deter- 
mining the magnitude of the iodine absorption 
of the natural oils and fats, whereby a most* 
important measure of the amount of unsaturated 
glycerides contained in a given oil or fat, is 
found. In a classification based on the iodine 
value the old grouping of oils, oti>er than marine 
animal oils, into dryinc) oils, semi-drying oils, and 
non-drying oils is implicitly contained. ^ 

The apparently antiquated subdivision into 
vegetable and aminal oils and fats did not rest 
on a scientiflo basis, until it had been* found 
possible to differentiate chemically between 
I cholesterol and phytosterol [q-v.). All evidence 
goes to show that cholesterol occurs only in 
oils and fats of animal origin and is cha- 
racteristic thereof, whereas phytosterol (sito- 
sterol and its congeners) has been found hithert# 
only in vegetable oils and fats. Based on 
these two principles, the author put forward a 
scheme of classification^f the natural oils and 
fats {donf6rence, Bull. 8oo. chim. 1909) which 
is arranged in a synoptic table on p. 646. 

The tables, ^p. 648-660, furnish a Hat of the 



646 


OILS (FIXED) AND FATS, 


most important oils anf*fats, arranged according | 
to the classification^ set out in tin‘ foregoing' 
table. There are added the botanical and 
zoological sources, the propoH-ions of oiVor fat 
contained in the seeds or frtits of the plants, 
the iodine valut;s oi the oils and fats, and their 
principal uses. 

*• 

I. Veoetablk Oils 
AND Fa'ps. 

A, Vegeiahle Oils, 

1. Drying oils. 

2. iScipi-drying oils — 

(a) (iottortseed oil 

group. 

{h) Rap(' oil group. 

3. -Non 'drying oils — 

(a) Almond oil group. 

(b) Olive oil grouj). 

(c) Castor oil group. 

B. Vegrifihle Fills. 

1. Chaulmoogra oil 

group. 

2. Laurel oil group. 

W. Palm oil group. 

4. Myrislieu grouji. 

5. Cacao butter group 
<). Coconut oil groii]). 

7. Dikn fat group. 

The determination of oils and fats in the raw 

materials of the oil and fat industries is elh'oted 
in the chemical laboratory by heating the 
finely divided substance with ether, ])ctroleum 
other, or similar solvents, I'he eomminution 
of hard oil si'cds may be elTecfcd in a ])oreclain 
^ortar, which is finally washed out with the 
solvent so as not to lose any fatl;/ matter whieh 
has exuded. It is also feasible to npjily an 
ordinary coffee-grinder, but in this ease it is 
more difficult to avoid lo.ss of fa(. In l.alxmi- 
tories wIktc snob determinations arer earned 
out frequently, special grinding machines are 
used and loss is obviated by squeezing a large 
quantity of seeds thrfmgh the maehine. In 
case the sub.stanecs contain a considerable 
amount of moisture, it is best to dry them 
previously, proiided the oil or fat does «iot 
suffer an injurious change tlierc'by. If oxidation 
of the <,^il or loss of volatile substanj’es is to 
be expected, the oil or fat may be extracted 
from the moist substanecs by means of petro- 
leum spirit boTIfing below 80". Ether is most 
satisfactory for general use, but with this solvent 
the snbfitanco must be dried first. Carlion 
disulphide and chloroform may also be used, 
but in this case also it is necessary to dry the 
sub3tafi.ee previous to extraqjlioii. The ehoiet' 
of the solvent is by no fineaiis immaterial ; 
thus carbon disulphide (which is largely used in 
Franco) extracts a larger amount of sub, stances 
than do ether or petroleum (c/. Lewkowitsph, 
Chera. Technology), 

The most convenient apparatus for the 
extraction of fat is the one devised by SojAlet 
(Szombathy) (see Pig. 1). 10-15 grams of the 
comminuted substance^are introduced into a 
cartridge of filter-paper, easily prepare^ by 
rolling filter-paper round a cylindrical piece of 
wood of suitable size, and i^lding it at one 


I end. The cartridge is filled with the substance 
and transferred to the extractor e. Care must 
be taken that the siphon tube be not stopped up 
by the paper case ; nor should the cartridge bo 
filled to the top, lost some particles of the sub- 
stance be washed over by the solvent and carried 
away. To bo quite safe, it will be found advis- 
able to place a plug of (exfracted) cotton-wool 
on tlic top of the substance, or to close the top by 
folding the paper over it. The tube N is ^hen« 
fitted by means of a cork to a flask charged with 
about 50 c.c. of the solvent (petroleum, etheg:, 
chloroform, &c.). Another portion of the 
•solvent i.s carefully poured on to the substance 
in E, until it commences to run off through the 
siphon s. Finally, an inverted eondenscr is 
fitted to E. and the whole ajiparatus is placed 
on a water-bath. In using tins form of Soxhlet’s 
extractor fiiere is aluays some doubt u.s to 
the «?xact time when the extraction is com- 
])l('te, and, as a rule, the ojieration lasts much 
longer than necc.s.sary, involving both loss of 
time and solvent. To avoid this, Lewkowitsch 
has a taj) fitted on to the siphon tube, so 
that some of the solvent ran be withdrawn 
at any time to 
ascertain the ])ro- 
gress of extraction 
{see Fig. 2). If the 
.substance to be ex- 
tracted has been 
collected on a filter, 
tlie simplest ])lan is 
to fold the filter and 
place it at once in 
the extractor. 

Wlum the ex- 
traction i.s complete, 
the flask containing 
the sohition is d«‘- 
taehed from the ex- 
tractor, the solvent 
i.s distilled off on the 
water-bath, and the 
fat dried in an air- 
bath at a tempo - 
raturc not exceeding 100”- 110°, until the weight 
I'l’mains fairly constant. 

,ln case the substance has not been dried 
completel'ij, and other has been used, it is 
advisable to extrado the residue once more 
with jietroleum spirit. The drying of the 
residifi' i.f'«"ffected by placing the flask in a 
drying oven, heating to 100°-i05°, and turning 
the contents round the walls of th^ flask at 
frequent intervals. Ij^ the minute drops of 
wojfccr which ♦collect at the bottom of the oily 
layer have disanpeared, the drying may be 
considered to completed. This must be 
confirmed 1^ ro-weighing after further drying 
for half an hour. In Iho ('5ase of drying oils, 
it is best to heat the flask in an oil-bath at the 
^oiiijierature of *i()0?i-105°, while a slow current 
of carbon dioxide or (K hydrogen is allowed to 
pass over the surface of tlje oil. 

Technical 'Pkeparation oe Oils and Fats. 

^Rendering . — Since oils and fats have served 
the human race as one of the most important 
articles of food, the methods of preparing oils 
and fojts max considejced to date back as 


II. Animal Oils 
AND Fat.s. 

A. Animal (his. 

, I . Marine animal oils — 
{uj Fish oils. * * 
[b] Livei oils. 

(e) Blubber oils. 

2. Terrestrial animal 
' oils — 

(a) Serm-drying oils. 
.(6) Non-dryingoiis. 

]L Animal Fats. 

[. Drying fats. 

2. Hemi-dryingf.xls. 

3. Non-diyiiig fats — 
{a) Body fats. 

{b) Milk fats 
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JJcillng-point. I 


Chcmi(!ai 

Under 

• 


composition 

inrn. 

press- 

°C. * 



lire 


• 



• 

I Acids of the Actciic 




series, — 

•Acetic acid 


7(10 

119 

Butyric acid 


7(>0 

1(52H 

Valeric acid (?) 


7()0 

• 17:1-7 

Caproic acid 

(VI, 

770 

2(T2-^20H 

(Japrylic acid 

(.V 

071 

2H()-2H7 

(Japric acid 

7(50 

2(5S-270 

Laurie acid 


JOO 

225 

Myristie acid 


100 

250-5 

Palmitic acid 


loo 

271 5 

Stearic acid 


100 

291 

Arachidic acid . 


— 

• — 

Bchenic acid 


(50 

H0(5 

Ligiioccric acid . 

11. Acids of tlie Acrylic 

^ 24^ 

— 

' 

or Oleic Kciics, 




Tiglicacid. 


7(>0 

19S-5 

Jlypogadc acid . 


15 

2H() 

Oleic acid . 

^ '1ft 14^^ 2 

100 

2S5-5-2S(5 

Bapic acid 

^18^^ 14^^ 2 

— 

— 

Lruoic acid 

022111202 

HO 

281 . 

111. Acids of the Ijnolic 




series, ('„B 2 „- 402 — 
Linolic acid 

OiVi.^o^ 

14 j 

228 

Tclfairic acid 

('lft>l|202 

IH 

220-225 

Elaeomargaric acid 

IV. Acids of the 

Il8lf32<)2 

~ 


(Ch a 11 1 m o og ric) 
series, — 



t 

Hydnocarpic! acid 


— 

— 

Chaiilmoogric acid 

(’lsll32<>2 

20 

247-248 

V. Acids of the Linolcnic 


• 1 

• 

' series, C„H 2 f!-ofl> — 
Linolenic acid . 


9 

• — 

woLinolenic acid * . 


— 

— 

VI. Acids of the Chi- 

- 4| 1 


. 

panndonio series, 

9nR,n-s0r 




Clujianodonic acid 

• 

Ci.lLftO^ 

•T" 

— 

Vn. Acids of the llici- 

• 

• 


nolcic series (hy- 
droxylated aciils, 

» 


i 

1 

Bicinoleic acm . 

• 

^^18 1^ ail^3 

15 

1 250 

Vlll. Lihydroxylate^ 

• 

<• 


acids of the series 

CnH2n04 

Dihydroxysteanc acid 


• 



— 

— 

IX. Acids of the scries 

• 


» 

OriHan-oOi (dibasic 
acids) — 

<^2iHio04 



Japanjc acid 




Melting- 
point ®C. 

Characteristic of « 

• 

. 1 


• 

17 

• 

vSpindle-trcc oil, Macas- 


sar oil. 

-(>•5 

Butter fat. Macassar oil. 

-H 

I’oriioisc and dolphin oils. 

' — 8 

(Butter fat, •coconut oil, 

1(>'5 

H 1 -H 

j palm niit oil. 

4H () . 

Laurel oil, coco-nut oil. 

5H-8 

Mace, butter, nutmeg 


butter. 

02-(5]* 

Palm oil, Japan wax, 


myrtl* wax, lard, tal- 
low, etc. 

(59-;i2 

Tallow, cacao butter, etc. 

77 

Arachia oil. 

8H-84 

Ben oil. • 

80-5 

Arachia oil. 

(54-5 

» 

(hot on oil. 

:iH-:u 

Arachis oil. 

(>•5 

Most oils and fats, , 

liape oils. 

HH-H4 

Rape oils, fish oils. 

- 

Soya bean oil, 

M aizc oil, cotton-seed ^1. 

• 

Ivoemc oil. 

'18 

Tung oil. 

59-(50 

lllydnocarpus, lukJtibo, 

(58 

4 and chaidmoogra oils. 

- 

■Linseed oil. 

liquid 

Fish, liver, and blubber 

oils. 

4-V 

Castor oil. 

141-14H 

Castor oil • 

U77-im 

) Japan wax. 

- 
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OILS (FUftlD) AND FATS. 

I. VEGETABLE OILS AND FATS.' 

A. VnauTABTiE Oils. 




on 

Source ' 

t> 

Proportion , 
of oil in 1 
seed or fruit 

Iodine value | 

1 

Used in the production of 



• 

» 1. l>n/infj Oils.' 


( 


P 

:jrilla 

Perilla ocvmoidi'S 

35-H j 

200-1 

Varnishes. 


Linseed . t. 

Jjinum usitatjHsimum 

38-10 . 

175-205 

Paints, varnishes, lino- 
leum, soft soa]). * 


Tung (a) (iJiineso . ( 
{h) Japanese ( 

Ab'u rites cordata 

53 

15()-103 

Paint and varnish. ' 


(^an^flie nut , 

Aleuritfs mobiceana « 

(i2 -04 

103 

Burning oil,soap,painC 


JJenij) 8(;e<'l . 

Carina, }>i.H sativa 

30-35 , 

148 

* 

Paints and varnishes, 
soft soap. 


Walnut.; nut 

J uglans regia 

(53 05 

145 

Paints. 


kSafflower 

(Jarthamus t.inetonus 

30 32 ; 

130-147 

« 

Burning oil, varnish 
{‘ roghan ’). 


Po])})y seed . 

IbijViiver soinniferuni 

41-^0 : 

1 

123-143 

Salad oil, paints, soft 
soap. 


Sunfiovver * 

Hebanthus animus 

21-23 

110-135 

bidible oil, soap. 


Hoya bi'an . 

Camcline 

Soja h]s])i(la 

18 ; 

f 

137-141 

Fdible oil, burning oil, 
soap. 



Ger, Sesame) 

(^amelina sativa 

31-34 ; 

135 

Burning oil, soap. 


Madjii 

Madia sativa 

32-33 1 

/;i)>(/ Oils. 

118-5 

Snap, burning oil. 


['Pumpkin seed .* 

( lueurbita ])epo 

47-18 

123-130 

Edible oil, burning oil. 

5 

Mai'/.e : corn 

Zc‘a inais 

(;-io 

113-125 

Edible oil, soap. 


Beech nut . 

Fagus sylvatica 

43-45 

111-120 

Edible oil, burning oil. 

3 

1 

Kapok 

Bninbax peiitundium 
( Friodeiidron anfrac- 
tuosiim) 

30 32 

110 

Fdible oil, soap. 

V 

Cotton seed 

( lossyjinim hei ba<*eum 

24- 20 

108-110 

Edible oil, soap. 

t 

Sesame 

SeHamnm orientate, 
indicum 

50 57 

103-108 

l^dible oil, soap. 


>Ouroas, purging nut 
/Brazil nut . 

Jat ioplia c ureas 

55-57 

08- J 10 

Medicine, soap. 


Borthollefru exeelsa 

73 

OO-JOO 

Edible oil, soap. 


(Voton 

(koton tigbum 

53-50 

102-104 

Medicine. 

ft 

llavison 

Wild Brassi(*a earn pi'st i is 

33- 40 

105-117 

Lubricants, burning oil. 

= 

o 

Hedge Mustard . 

Ilaphanus raphanistruin 

35-40 

105 * 



Rape (colza) 

Brassiea eam})esV is 

33- 43 

04-102 

Lubricant, burning oil. 

ft 

Black Mustard 

Brassiea nigra (Sinaihs 
nigra) 

31-33 

llO-l 

Soap. 


White Mu.stard . 

Erassiea alba (iSinapis 
alba) 

85-80 ■ 

02-103 

Soap. 

s 

Radish seed 

Haphanus sativus 

45-50 

02 112 

• 


\Tamba . 

Jirassioa camjieslris vair. | 24 

3. N on - Dri/ififf Oils. 

05 

# c 

Burning oil, lubricant. 

o 


'"Cherry kernel . 

Prunus ccrasus ' 

35-3H' 

10-1 14 

Edible oil, burning oil, 
soap. , 

^ft 

Apricot k^'ncl . 

PrunuH armeniaca 

40-45 

96-108 

Perfumery, medicine. 


O ' 

Plum kernel 

Prunus domcstica 

2X' 

j r 

« 



ft' 

Prunus damascaena 

• r 





Peach kernel 

Prunus persiea 

32-35 

1 03-108 

Perfumery, medicine. 



, Almond . 

Primus ainygdalus 

45-55 

' 93-l^)0 

Perfumery, medicine. 


/ Arac4ii8{gruimdaut) Arachig hypogaia 

43-45 

•83-100 

Edible oil, soap. 

ft 

1 

Hazel nut . 

Corybis avellana 

50-00 

83-90* 

Edible oil, perfumery, 
lubricant. 

l( 

Olive . 

Olca curopsea 

#40-00 

79-88 ^ 

Edible oil, lubricant, 

' burning oil, soap. 

> 

5' 

Olive kernel 

Olca europaea 

12-15 

■ 

87 

Edible oil, lubricant, 
burning oil, soap. 

S' 

Ben . 

Moringa oloifera •' 

35-30 

,82 

Edinle oil, perfumery, 
lubricant. 


Grape seed ' . 

Vitis vinifera ^ 

10-20 

90 

Edible oil, burning oil. 

II 

Castor 

Hicinus communis ^ 

40-53 

e 

83-86 

Medicine, soap, Turkey 
fed oil; lubricant. 

1^ 

"S 


« 

. < 9 .... 


t J 



Dikafat Coconut ail M\Tistica V 

group g r oup Cacao buUer group group Palm oil group 
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B. Veoetabli; Fats. 


Fat 

Source 

1 

! Proportion 

1 of oil in 
seed or irulf 

Iodine value 

• 

Used in the production of * 

Laurel oil group — • 

1 




Laurel oil , . 

1 Laurus nobilis 

24~2() 

• 08-80 


/Mowrah seed oil 

Bassia latifoliai 

60-55 

03 


I Mahua butter . 

Illipe latifolia / 

Edible fat, soap, candles. 

Mowrah butter . 

1 Illipe butter 

Bassia longifolia 

50-55 

58-03 

Edible fat, soap, candles. 

Macassar oil . i 

Sehleichera trijuga 


* 


Kusum oil . j 

70-5 

48-09 

,Modicine. 

Palm oil . 

Elieis guinoensis, E. 

* l1i-44 

53* 

Candles, so§p. * 


raclanococca 



i Mace butter .) 

1 Nutmeg butter . j 

Myristiea oilieinalis 

.*{8-40 

40-52 

Medicine, perfumery. 

Phulwara butter 

Bassia butvraeea 

50 52 

4 

12 

Edibltt fat. 

Shea butter (Oa- 

Bassia Parkii 

49-52 

60 

Edi bic fat, soap, candles. 

lam butter) 

• 



'Mkanyi fat 

Stcarodendron Stuhl- 

07 

41-9 

Soap, candles. 


mannii 



Malabar tallow . 

Valeria indiea 


37-40 

Edible fat. 

Cacao butter 

Theobroma cacao 1 

> 44-50 

32-41 

Chocolate. 

Chinese vegetable 

Stillingia sebifera 

22 

28-32 

Soap, candles.- 

tallow 

(Croton seb.) 



Kokura butter 

Garcinia indica 

1 49 

33 

Edible fat. 

(Goa butter) 



Borneo tallow . 

Shori'a stenoptera, i 

45 -50 

15-31 

Ed'ble fat, candles. 

?Mocaya oil 

Ilopea aspera 

Cocos sclerocarpa 

00-70 

24 

Edible fat, soap. 

Maripa fat 

Palma (?) manjia 



17 

' Palm kernel oil . 
Palm nut oil 

Elieis guinecnsis ( 

E. melanococea / 

45-50 

13-14 

,, ,, 

[Coconut oil 

Cocos n ucifera, ( 5 buty- 

20-25 

8-9 

Edible fat, soap, candles. 

1 

racoa 



(Dika oil (oba oil, 

Irvingia gabonensis 

00-05 

6;2 

Edible fat. 

( wild mango od) 




Japan wax 

, Rhus suocedanea, It. 

25 

i-10 

Polishes. • 


vernicifera 



Myrtle wax , 

Myrica corifera, M. ca- 

20-25 

2-4 

Soap, candles (?). 


rol inensis j 




IT. ANIMAL OILS AND FATS. 
A. Animaj. Oils. 


OU 

Soflrce 

• • 

Iodine value 


1. Marine Animal Oils. 

(a) Fish oils— 


■» 

Menhaden 

Alosa menhaden 

140-173 

Sar^ne . 

Clupea sardinus ^ 

161-193 

Japanese sardine 

•Clupanodyn melano- 

187 


sticta ♦ 


Salmon . 

Salmiijsalar 

ICl 

Herring . 
Stickleback 

(■3upea harengus 
• Gasterostefus trachurus 

124-142 

102 

Sturgeon . • . 

Accipenser sturio 

126-3 

Sprat 

(6) Liver oils — 

Clu^ea^prattus, Cuv. ^ 

122-142 

Cod liver . 

fiadus morrhua 

» 107 

Skate liver .* 

Squatina vulgaris 

167 3 

Tunny liver 

Thyniius vulgaris 

li)l-l 

Shark (Arctic) . 

Scymnus borealis 

116 

Coal fish. 

Gadus morlangU8(virens) 

101-1 

Hake liver 

Merluccius ooramuii. 

— 

'* 

Ray liver. 

(vulgaris) ^ 

Raja clavata (batis) 

* 

Ling liver 

Molva vulgaris • 

132-151 


Principp4 uso 


Currying leather j;**soap making. 

>» >» »i 

Currying leather. 

?> >> a 

»» » >> 

99 99 # 

Medicine, currying leather. 
Currying leather. 
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II. ANIMAL OILS AND ¥AT^-continued. 

A. Animal Oils. 


Oil 

% 

t 

t Source 

Iodine value 

Principal use 

(6) Blubber oils — 




Seal 

Pliooa vitulina 

137-147 

Burning, currying leather. 

■ Whale 

Balaona mysticetus 

121-136 

Burning, soap-making, fibredresa* 

* 



mg, currying leather. , 

Dolphin, black fish 



Hody oil . | 

* 

Dclphinus globiccps 

j 60-126 

1 33 

I f 

Forpoise — 



f Lubricating oil for delicate machi- 

Jlody oil . I 

Jaw oil .1 

Delphinus phocflcna 

119 

( nery. 

)• . 1 


' 2. Terre-Htrial Animal Oils 

1 

Non-drying oils — 


< 


Sheep’s foot 

(Tv is aries 

*74 

Liibri(!ating. 

Horses’ foot 

Kquus cabal lus 

74~{K) 

Neat’s foot 

Bos taurus 

67-73 

Lubricating, leather. 

Egg 

Hallus domestious 

« 

68-H2 

Leather dressing. 


' 

Ik Animal Pats. 


Fiit 

* 

S()Uir(' 

Iodine value 

Princijial use 


1. IhifltKj Fals. 


Ice bear 

UrsuH maiitimus 

147 

Pharmacy. 

Hattlesiiake 

(h-otalus d missus 

i(l6 



2. Semi dn 

/?«(/ Fals. 


Pdackoock . 

'IVtrao- urogallus 

1211 


Hare . 

Iji'pus timidus 

l()2-2 


liablut, wild 

Lc])us t uniculus 

90-8 


Rabbit, tame 

liOpiis (uiniculiis 

67-6 


Wild (luck . 

Anas boschas 

84-6 


J)oino8tic (luck 

Anas bosclias 

68-6 

t 

Horses’ fat 

Mqiius caballifi 

75-85 

Fdible fat, soap. 

t 

2. N on-dryintj Fats. 



/Horse marrow tat 

Equus cabal lus 

* 77-81 

h\)od, soap. 


Domestic goose . 

Ans(>r ( inrrcus 


Food. 


Wild goose*: 

Aiiser ferns • 

90 '6 . ' 



Lard 

Sus scrota 

(i« * 

Food,*soap. 


Hog-, wild . 

Sus Hcrofa , 

76-6 

n 

Beef, marrow 

Bos taurus • 

t.5 *« 

Pomades. 

w 

Bone . 

Bos ; Ovis 

46-56 

Soap, candles. 


Tallow, b{)oT 

Bos taurus 

38-46 

Food, soap, candles, lujbricants. 


i^Tallow, mutton . 

Ovis aries 

1 •35-46 

Food, soy p, candles, lubricants. 


« Butf^er 

Bos taurus 

1 , 26-38 

1 

Food. 


far as t}ie history of tho iiiij^iAri race itself. The 
crudest methods of ‘ rendeimg ’ oils from seeds 
apd fruits, which arc still practised at present 
in Central Africa, in Indo-China, the Malffy 
Archipelago, and the South Sea Islands, consist 
,in allowing the broken fruits to melt by the heat 
of the sun, when the exuding oil runs off ajpd is 
collected. The produotion of palm oil by the 
natives, as also of the nreparation of best coco- 
nut oil by boiling the fruit kernels with water, 
are more modern developments of this nnuthod, 
which culminates in the boding -out method 


jiractisod (tn the largest scale by ‘ rendering ’ 

: animal fats and dils from the tissue, as is done 
' in the preparation of tallow, lard, whale oil, 
j^eod-liver oil, &c. * The most modern practice 
I 111 the carrying out of this process, as worked in 
the enormous packing hriuses (rendering estab- 
lishments) in America (tallow, lard, bone fat), 
and in the modern whale oil and fish oil rendering 
works, coryjists essentially in cutting up the 
1 fatty tissues into small fragments, which are 
. trai^sferred into vessels contffcining water, 
1 wherein the comminuted mass is heated by 
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steam, either under ordinary pressure in open 
vessels or under higher pressure in digesters. 
The fat gradually exudes and collects on the 
top of the water, whilst the membranous matter 
(‘greaves’) falls to the bottom. The fat is 
then drawn off from above the aqueous (gluey) 
layer, and strained through sieves or filters. The 
‘ greaves ’ are plffeed in liair or woollen bags 
and submitted to hydraulic pressure, whereby 
a i^rther portion of oil or fat is obtained. In 
the ease of those animal fats which are intended 
Jor edible purposes, such as lard or suet for 
margarine, the greatest cleanliness must, of 
course, be observed, and the temperature mu.st* 
be kept as low as possible in order to obtain a 
perfecLly ‘ sweet ’ and ])nr(' lyaku'ial. 

Pressing . — The preparation of oils and fats 
from small oleaginous seeds, such as linseed 
and rape seed, was practised Originally by 
crushing the seeds and grinding hetAveen s#.ories, 
as IS still done in India. A more modern 
dovolojiment, still in vf>gu(* in Manchuria 
in the production of soya bean oil, consists in 
bruising the scc^ls and reducing tlimii under an 
edge-stone, heating the meal in an ojien pan* 
and pressing out the oil in a wedge-])resH, tlu* 
wedges being driven home by hammers. 'I’he 
scrow-press usc'd m vineyards served as a model 
for the constriietion of llu' ])rinutive olive- 
press. The several stages through Avhich the 
industry of oil presses dovclo]>od from these 
early beginnings of maclunery to the Dutch 
wedge-press, until it reached the most complete 
form of modern oil-])ressing plant, cannot be 
detailed here, and the reader is therefore re- 
ferred for a ra])id survey to Lew kowitsch’s 
(!hemioal Technology. Tt must suffice here to 
state that the most modern presses in vogue at 
present are the Marscille<i presSy the Anglo- 
American j)ress, and the rage press (cloddine 
press), which have reached their pr<‘sent eom- 
})leteness through the combinalmn of the 
inventions of the hydraulic press by Joseph 
Bramah (17ff6), and of the aeciimnlator by 
William George (latci Lord) Armstrong (184ff). 

It is duo to the early ajiplieation of these inven- 
tions ill this country, that England secured 
the supremacy in the od-crushing trade in ttie 
latter half of the last century and has hecui ^ble 
to retain it, notwithstanding set'^re loreign 
competition. • 

I’he sequence of operations in treating oil 
seeds, oil nuts, &c., for the separatioffof fbe oils 
they contain is, at the present time, as follows ; 
As 'a preliminary operation the oil seeds and 
nuts are freed fwun ^ust, sand, and o^hcr 
impurities by sifting in an inclined revolA^ng 
cylinder or sieving machine, covered Avith woven 
wire, having meshes varying According to the 
size and nature of tl^e seed pjxir’ated upon. 
This preliminary purification is of the greatest 
importance, especially for the projiaration of 
ed&le oils and fa, is. In thm calh of those seedf 
liable to contain pieces •)! iron (hammer heads 
and nails, amongst, palm kernels, &c.), the 
seeds are passed over magnetic separators, which 
retain the pieces of iron, 'fhe sepds and nuts 
are then decorticated (when required), the 
shells removed, and the kernels (‘moats’) 
converted into a pulpy mass or meal (in older 
establishments by orushing and grinding between 
stones in edge-runners) by being passed through 


I AND PATS. 

a hopper over rollers cfiisisting of (five) chilled- 
iron or steel cylinders mounted vertically like 
the Kowls of a calendar. These rollers are finely 
grooAjed so that the seed is cut up while passid^ 
in succession betn^cen the first and second rollers 
in the series, then between th§ second and the 
third, an<^ so on to the last, when the •grains 
are sufficiently bruised, crushed, aijd ground. 
The distanee between the rollers can be easily 
regulated so that the seed le^ing the bottom 
roller has the desired fineness. The comminuted 
mass, forming a tnore or less coarse meal, is 
either expresserl in tips state or subjected to a 
pteliminary hoffting, according to the*quality 
of the product to be inannfactuTed. For the 
jireparatioii of edible oils and fats the meal is 
expressed in the cold, after having been packed 
into hags and plfu c<l in hydraiilie presses under 
a ))ressure (tf 300 atmosjihfres or more. The 
cakes are allowed t#) remain under pressure for 
about 7 minutes. The oil exi^ding in the cold 
dissolves the smallest amoiftit of colouring matter 
&c., and hence has suffered least in its quality. 
Oils so obtained are known in commerce as 
‘ eold-diuAvn oils,’ ‘ cold-pressed oils,’ ‘ salad 
oils,’ ‘ virgin oils.’ 

By jiressing in the cold, obviously only^«w.'t 
of till' oil or fat IS recovered. A further quantity 
is <d)tained l»y ox})ressn^g the seed meal at 
a somcAvliat, high temperature, reached liy 
w^arming the comminuted seeds or fruits cither 
imnuahati'ly after tlu'y leave the five-roller mill, 
or after the ‘ cold -drawn oil’ has been taken 
off Of course, the cold-jirossed cakes must he 
first disintegrated, wlmh may bo done under 
an edge-runner. The same operation may be 
repeated onc(‘ more, ’fbus oils of the ‘ second 
expression ’ and of the ‘ third expression ’ are 
obtained. 

In the cas? of oleaginous seeds of low value 
(cotton-seed, linseed) it is of importance to 
express in one ojieration the largest possible 
quantity of oil. Jlencp, after leaving the five- 
roller rtill, the bruised seed is generally wairmed 
at once in a steam-jneketed kettle fitted Avith a 
mixing gear, by ])assing steam into the jacket, 
and sending at the Same time some steam 
Through a rose, fixed iuside the kettle, into the 
mass while it is being agitated. This practice is 
a aurvival of the older method #f moistening the 
seed AAdth a little water, Avliile the seeds wer^ 
bruised under edge-runners, so as to Ipwer the 
•temperature and facilitate the bursting of the 
cells. The warm meal is then delivered through 
measuring boxes into closed plf?!fe-bag8 (‘ scour- 
tins ’ of the ‘ Marseilles ’ press), or through 
measuring boxes, combined Avith an rtitomatie 
moulding machine, into cloths open at two sides 
(Anglo-American press), so that the preliminary 
pressed cakes cipi be put at once iifto the 
hydraulic press. I A the latest constructions of 
oage-prcsses, the use of bags is entirely dispensed 
jvith, a measured quantity of seed falling dirftet 
inljo the circular-press cage and being separated 
from the material forming the next cake by a 
circular plate of sheet iron. ’ • 

flChe method of expressing is exclusively 
employed wherever the pressed cakes are uaea 
as caii-le food. Theso^cakes retain a notable 
amount of oil or fat — ^from 6 to 10 p.c. — which 
must, however, not be considered as lost, 
inasmuch as tfe fat constitutes a most valuable 
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and, indeed, neccasaiy' constituent of cattle 
food. ( 

Extraction by solvents . — ^Tn those cases where 
tLe full yield, or approximately full yield, of 
the oil contained in the seeds, is aimed at, the 
comminuted seeds are extracted with volatile 
solvents, such as petroleum hydrocarbons, 
boiling below 120°, and carbon uisulphide. 
As these solvents are highly inflammable, 
methods of extraction by means of the non- 
inflammable carbon tetrachloride and chlorine 
derivatives of ethane (such aj dichJoro-ethylene 
C2H2CI2, trichloro-ethylone C2HCI3, pcrchloro- 
ethyioi\e C2CI4, tetrachlorb-cthf ne (JoIfoCl^, and 
pentaohloro -ethane C2HCL) have been intro- 
duced. At present the high price of those 
solvents still militates against tlicir gcnoial 
employment, in addition t" some other draw- 
backs in their use. 

The apparatus employed on a large .scale 
depends on the temperature at which the 
extraction is carried out. In the main two 
types of extracting apparatus may be (lillercnti- 
ated, viz. for extraction in the cold and for 
extraction in the hot. The seed is jirepared in 
a similar manner as for pressing, except that it 
is ’’ot reduced to a lino meal, so as not to impede 
the percolation of the solvent through the mass. 
In the case of cold extraction the seed is placed 
in a series of closed vessels, through which the 
solvent percolates by displacement, on the 
‘ counter-current ’ system. A battery of vessels 
is 80 arranged that one vessel can always be 
made the last of the scries to discharge finished 
meal and to be recharged with fresh meal, so 
that the process is practically a cftntinuous one. 
The solution of the extracted oil or fat is then 
transferred to a stcain-hoatcd still, where the 
solvent is driven off and recovered by condonsing 
the vapours in a cooling coil, to he used again. 
The last remnant of volatile solvent in the oil 
is expelled by a current of open steam blown 
through the. oil in the warm state. The extract- 
ing process in the hot is carried out in an appara- 
tus, the princijile of which is exemplified by the 
well-known Soxhlet extractor. The comminuted 
seed is placed on trays o ' baskets inside a vessel 
connected with an upright refrigerator, and is 
surrounded there Jay the volatile solvent. 
On heating the ^solvent with steam through a 
coil or jacket, the vapours rise through and 
around the meal. They pass into the refrigerator, 
where they are condensed and fall back as a 
liquid through the meal, percolating it on their 
way downward:, and reaching the bottom of 
the vessel as a more or less saturated solution 
of oil ii> the solvent. The solvent is again 
evaporated, leaving the oil at the bottom of the 
vessel until the extraction is deemed finished. 
The solution of fat is then run off into a still, 
as described already, and ♦ the last traces of 
solvent are driven out. The solvent is recovered 
aiul used again. 

The meal loft after extraction is not suitable 
for cattle food, and no extracted meal can do 
sold in this country for feeding purposes. On 
the Continent, however, frequent endeavoursr^ire 
being made to sell (and even recommend under 
specious ‘ scientific ’ pretensions) extracted 
meal for feeding purposes, and alOiough 
Agripultural Associations in many cases stipulate 
that no extracted meal should be accepted by 


farmers, yet a considerable amount of extracted 
meal finds its way, chiefly on the Continent, 
into ‘ compound cakes,’ 

With regard to the merits and demerits of 
the last two mentioned processes — expression 
and extraction — the adoption of either must 
largely depend on local conditions and the 
objects for which the prodL 4 ct 8 are intended. 
Wherever the cake is the main product, expres- 
sion will commend itself as the most advantage- 
ous process. Where, how ever, the fatty matejial 
forms the main product, as in the case of palm 
kernel oil, or sesame and coconut oils from 
damaged seeds (which would no longer form 
proper cattle food), the process of extraction 
will be prefciT'^d, especially when the price 
of oil is high. In some eases thu combination 
of the fwo proex'sses commends itself, as in the 
production oil v oil. 'J’be fruits are expressed, 
and after the edil)lc qualities and best classes 
of oils for technical jnirposes have been taken off 
by expression, tlie remaining pulp is extracted 
by means of solvents. This process is known 
under the name of the mixed process {hvilcne 
nixie) [v. Olive oil]. 

Refining and bleaching. — f’he oils and fats 
prepared by any of the methods described above 
arc, if obtained from perfectly fresh (‘sweet’) 
material, and in their fresh state, practically 
neutral. If care bo exercised in the process 
of rendering animal oils and fats, or expressing 
vegetable oils in the cold, the products are, as 
a rule, sufficiently pure to be delivered to the 
consumer, after a preliminary settling has allow'ed 
any mucilaginous matter, sucJi as animal or 
vegetable fibres or other ]m]:)uritK‘S, as also 
traces of moisture, to separate out. T'hia 
spontaneous clarification was at one time the 
only method in vogue. This process is now 
shortened b}?- filtering oik through filter presses, 
or otherwise ‘ brightening ’ them, e.g. by blow'ing 
with air. In many cases these methods still 
suffice for the pn eduction of commercial oils 
and fats. 

I In special cases, such as the preparation of 
j edible oils and fats, a further improvement in 
j colour, and at the same time greater purity is 
obtained by filtering the oils over charcoal, or 
ovoi* natural absorbent earths, such as fuller’s 
earth, Whciro this process does not suffice, as 
in the case of coconut oil or palm kernel oil, 
a preliminary purification in a current of steam 
must I 3 rc lorted to before the final purification, 
described above, is carried out. 

Oils, intended for table use, which deposit 
‘ stoarine ’ in winter, must bo freed ffom such 
solid fats. Tills is don(*^ by allowing the oil to 
cooi down to a low temperature and pressing 
the cold oil through the cdoths in a press, when 
a limpid oil exudes, which remains proof against 
cold. Such ' oil' is term'od ‘ winter oil.’ Thus 
whereas most olive oils are naturally non- 
congealing oils^i the Tunisian and Algerian 
blive oils deposit so' mv’ch ‘ stearine ’ that they 
must be ‘ demargarinated.’ Similar methods 
are employed in 'The production of lard oil, 
edible cotton-seed oil, &c. • 

For refinihg oils and fats intended for edible 
purposes only the foregoing methods, which may 
be summarised under the naine of physical 
methods^ can be used; the only chemicals 
permissible are alkalis or alkaline earths to 
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romovo any free fatty acidfl xjrcsent. Treatment hydrochloric acid are used. It must again be 
with other chemicals renders the oils and fats emphasised that no genial rule can be laid down 
unfit for consumption. Therefore all bleaching as to which process should be employed in each 
and refining processes involving other means given case. There is still a wide field open for 
than those enumerated can only be employed the application of jiroper processes for the 
for oils and fats intended for technical jiurposes, remotal of imparities and colouring matters 
such as lubricating oils, burning oils, paint oils, j without, however, running thcrf-isk of attacking 
soap-making oils, &o. j the oil or fat itself. • 

Bleaching witli*thc aid of chemicals requires I Henco^the attention of inventory has been 
great circumspection. There is no universal j directed during the last few years to the oxploita* 
method of oil-refining apphcable to any and tion of this subject and a considerable number 
every oil or fat. Not only must each kind of of processes and chemicals have been suggested, 
oil or fat be considered as a special problem, Thus bleaching by means of ultra-violet rays 
4)ut frequently even varieties of one and the has, through the introduction of the ‘ uviol 
same oil or fat arc apt to cause the same diffi-^^lsynp,’ gamed fawiur ahd the bleaching oyinseed 
culties as would a new individual. In many on by these moans has been patented. It is 
cases purificatiun by means of ^sulphuric acid, stated that other oils also can be blcaclicd with 
invented and patented by Charles Gower in the aid of ultra-violet rays {‘ uviol oils 
175)2 (frequently ascribed to Th6nard), is still Peroxides (sot1u#m peroxide, calcium per- 
usofully apphed. It consists in J.rcatuig the oxide, and barium peroxide^ pcrsalts (such as 
oil with a small jiercontage of a more or less perborates, jicisulphates, jiorcarbonatcs of 
concentrated sulpliuric acid, accorthng to the sodium or potassium), organic peroxides (benzoyl 
nature of the oil or fat. The acid not only peroxide, acetyl jieroxide, acetone jieroxide); 
takes up water, but it acts on the suspended turther, sodium and calcium hydrosulxihites, 
impurities, carbonising them to some extent, basic zinc formaldchyde-sulphoxylato and 
and thus causing them to coagulate and faH» other similar jireparations have been sug- 
down in the form ot a fioiiculeiit mass, which gested and have also boon used m prifbtice occa- 
earries with it mechanically other impurities sionally. Most of these strongly acting chemieajs 
wliicJi have not been acted upon. This method jiroducc a tcmxiorary effect, but frequently the 
is chiefly used in the refining of hiiseed and raqie colour ‘ reverts.’ In other eases they introduce 
oils. such eomplicatioiis into flie routine of the oil 

Purification by means of strong caustic soda refiners and of soap and candle manufacturers 
was first recommended as a general jirocess that it is impossible to recommend them Mdthout 
by Louis C. Arthur Barreswil, his suggestion very serious qualification, 
being to heat the oil and add 2-3 ji.c. of caustic Even after such purification as has been 
soda, in most cases the purification consisted described above, small quantities of non- 
in removing the free fatty acids from rancid glyceridic su bstanccs remain dissolved. Some of 
oils and fats, the canstu; soda tormmg a soax> these must be Considered as entirely foreign 
with the fatty acids, which would either rise (adventitious) substances, c.g. traces of colouring 
as a scum and hft uxi impurities with it, or fall matters, chromogenetic substances (producing 
to the bottom and <^uTy them down. This the colour reactions which are characterisitc 
process is a useful one in the ease of cotton-seed of some oils and fats), essential oil®, resinous 
oil. As a rule, however, it is very precarious, matters, 8ul])hur compounds, and cyanogenetic 
since emulsions are formcil which in many glucosides. 

Oases altogether prevent the geparaiion of oil. Othgr substaiiees are constant concomitants 
After the treatment Avith suliihuTic acid or Caustic of the natural products, and must therefore bo 
soda, the (jils must be washed to remove the looked upon, to some extent at least, as con- 
last traces of chemicals. The Avater is then stituents thereof. The fiiost important of these 
allowed to settle out, and the oils arc linaUy mre phytosterol and cholesterol, inasmuch as 
filtered. • the ])resence or the absence of one or other 

The number of chemicals Avhict have bben enables us to recognise a spedmen as a vege- 
jiroposed from time to tiim^or the xiiwification of taole or animal oil or fat. Ui less importance^ 
oils and fats is almost legion, and so long as the are aliphatic alcohols (such as myricyl or coryl 
nature of oils and fats Avas little uni^rs^od, a alcohol) 'and lecithin, although the la^’ter is of 
secret trade in oil-punfying chcmicalS flourished, very great imiiortance from a jdiysiological 
With our present knowledge most of these point of view («ee Glycerin ). *-* 
chemicals may be lemovod into the limb^ of Hydrocarbons, which have been hitherto 
useless things. • , considered as of little importance, oc»ur more 

The general methods of bleaching, besffles frequently in natural oils and fats than has been 
those mentioned already as j^hysical methods ascertained hitherto. More attention is now 
(viz. filtration over charcoal or absorbent earth), being jiaid to their occurrence, as thty will 
are chiefly methods based on tre^ment Aviib probably furnish ‘a •means of identifying indi- 
oxygen or with chloitne. The methods of bleach- vidual oils and fats. 

ing by oxygen include all tho^ which aim at In their liquid state oils and fats penetrate 
the bleaching by exposure* to the air and t(? Easily into the pores of dry substances; if 
sunlight (as in the case of artists’ linseed oil), dropped on paper they leave a translucent 
or where oxygen or oeono is«introduced in the spot — grease sxiot — which cannot be removed 
form of gas or is evolved by chemicals, such as by jvashing with water and subsequent drying 
manganese dioxide, potassium diehromate, or (difference from glycerol spots), 
potassium permanganate and sulphuric acid. A curious effect, caused by the presence of 
In the process of bleaching by means of chlorine the minutest quantities of oils and fats, has 
either Lleaching pOAA'der or diohi omateSf and been described by Lightfoot. Camphor, crushed 
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between layers of p«per without having been 
touched with the hngw, rotates when thrown 
on to water, but a frace of oil or fat on the 
surface of the water causes the rotation to* cease 
immediatelv ; it is sufficient to touch the water 
with a needle which has been passed previously 
through the half. 

Tljc tipecific gravity of oils and fats varies 
between the limits 0-910 and 0-07fe at 15-6'\ 
The specific gravity alone only exceptionally 
furnishes a mcaeis of identifying an iinh vidua 1 
oil. Hence the ‘ oleometers ’ which were 
formerly credited with thefjiower of detecting 
individual oils are now practically abandoned. 
Castor oil alone can be id^tifio^*! by its excepticjn-, 
ally high spuMlic giavity. 

The KolidiJifing ])oinl of those oils which are 
fluid atHhe ordinary tenijierature ranges Iroiii a 
few degrees above zero do\v,ii to - 28'^'C. (linseed 
oil). (For melting* and solidifying points of 
individual oils and fats, c/.^ tables at the end of 
this article.) 

Although ftb first sight little mijiortanee 
should be ascii bed to the melting and solidifying 
points, inasmuch as from some oils there separate 
out on standing glycerides eontaimng solid 
acids (m practice fiequently termed ‘ stearine ’ 
oj;^ ‘ margarine ’ )» they are, fiom a t echnical 
point of view, of importance, as they are a 
measure of tlu; consistence and lurnish reliable 
guidance in the prepiiralion of ‘ deinargariiiatcd 
edible oils ’ or ‘ j-acked ’ fish and cod-hver oils, 
b'or the inanutacture of such demargarmated 
oils, the natural oils are exposed to a low 
temperature. The solid glycerides tlum se])aiale 
out as a deposit, and the clear limjud oil can be 
drawn oil as an upjier layer after sulhcicnt time 
has been allowed tor subsid^iee. When the 
solid glycerides sejiarate out in a crystalline 
lurm, this slow and eumbeisoine jiroeess can 
1:% shortened by cooling (refngcfiitmg) the oils 
artificially and tiltering the liquid portion 
from the solid at a low' temjierature. The limpid 
oils thus ybtained are sold iii commerce as 
‘ winter oils.* ^ 

Demargarinatiiig is emiiloyed on a largo 
scale in the case of cotton-scial oil, whale oil, 
tallow, and some Algoft’an and Tunisian olive 
oils. • 

The ffjraciivt index of the natural oils and 
tats varies withi^n certain limits which, thui^gh 
narrow, are sufiiciontly characteristic, if observed 
through accurate optical instruments, to allow 
a difforehtiation of the individual oils Vind fats 
to a certain extent. This will be further* 
explained belc<pi^under Analyciib, but it may be 
pointed out here that exaggerated importance 
has freqi'cntly been attached to the interpre- 
tation of the results of refracto metric observa- 
tion. 

Most oils and fats have practically no 
action on the plane of polaw,s%d Lights the small 
deviations observed in sensitive polariscopes 
being chiefly due to adventitious substances, 
such as cholesterol or phytosterol or resinoul 
or volatile ethereal substances, as in the case* of 
8eBam6 oil, coconut oil, ood-hver oil. 

There are, however, several oils which*are 
distinguished by notable rotations ; this is more 
particularly the ease wii-h the oils belonging to 
the (ffiaulinoogra group, and it is thus possible 
by means of the polariscope alone to identify an 


AND FATS. 

oil as belonging to this class, as has been done 
by the author in the ease of ‘ cardamom fat * 
[see Chavhnoogra oil group). Notable rotations 
are also shown by castor oil and stillingia oil. 

Solubility . — ^Natural oils and fats may be 
considered as practically insoluble in pure 
water. On shaking vigorously with large 
quantities of water, however, minute quantities 
are dissolved, as is proved by the result of 
allowing the emulsions formed at first to become 
clear by standing and shaking out the clear 
aqueous layer with ether. • 

On the other hand, oils and fats dissolve 
small quantities of water, which can be expellct! 
by ivarming at 100'^. From Hie foregoing it 
follow^s that the emulsifying ])ower of water as 
regards oils iliy.1 fats is praetieally nil. It can, 
liovvevcr, be meiibised to a very notable extent 
by addition of small quaiilitios of soap and a 
number of ^itber substances [nee Lewlvowdlsch, 
Cbem. 'rech. : KnmUificd (hh and Fa(,s). 

With the exception of castor oil, oils and 
fats dissolve but very sparingly in cold alcohol. 
Boding alcohol, however, dissolves somewhat 
larger quantities, especially of those oils and 
(fats which eontaiu glycerides dx the lower fatty 
acids ; but on (uiuliiig, nearly all the dissolved 
.substance seqiarales out. The solubility is con- 
sidcj'ably increased by the presence of free fatty 
acids ; if the amount of the latter be large, 
exceeding about 30 p.e., even cold alcohol will 
reaihly ettect solut-ion. 

(Jils and fats ilissolve very readily in other, 
earhon disulphide, ehloioform, carbon tetra- 
chloride, tiiehloi ethylene (and its congeners), 
benzene, jaualfiii oils, and pidroleurn spirit. 
Castor oil, however, forms an exception as 
regards the two last-jiUMitioiiod solvents. 
T'riacetiii is insoluble m carbon disulphide and 
111 peti’oleum spii’it. 

Oils and fats dissolve ^ulph nr and 'phosphorun 
at the ordinary temperature to a slight extent. 
(Certain pharmaceutical preparations, notably 
jihosphonsed oils, *i'e thus prepared. 

T*he and tanie of oils and fats, although 
! froquentiy charaidoristie of the individual oils 
and fats, is due to the presence of certain 
foreign matters. Thus in the ease of fats 
boJonging to the Myristica group the presence 
ol an essential oil imparts the taste of mace. In 
the* ease ofi coconut oil the peculiar taste 
appears t# be due ^o the presence of some 
ethereal ketones (occurring also in the essential 
oil of|rue^>^ it may be accepted that in their 
jnirified state oils and fats are entirely devoid of 
free fatty acids, and are practically odourless 
ainV tasteless. Hence absolutely netiiral oils 
have an insiiqd taste. * 

•When freshly rendered, animal fats contain 
only very small tquantities of free fatty acidn. 
Oils and fats of vegetable origin, however, even 
I in their fres^ state, contain appreciable amounts 
of free fatty acids. T'his fnay be due to the 
fact that in all seed^ there are present enzymes 
which hydrolyse glycefides, the acid necessary 
for inducing the hydrolysis being 8uppl||d in 
the form of carbonic acid, ffhich is always present 
in seeds. • 

Speaking^enei-ally, oils and fats do not suffer 
any loss when heated at temperatures of 160°- 
180“. However, oils and fats containing notable 
quanj^ities of free volatile fatty atids, such os 



butter fat, and coconut oil, lose in weight, 
no doubt through volatilisation of free fatty 
acids ; it is not certain that glycerides of the 
lower fatty acids volatilise as well. 

prolonged contact with air, is 
avoided, most oils and fats can be heated to a 
tenaperature of about 260° without undergoing 
a chemical change. (Some oils and fats become 
paler in conseque||oe of the destruction of 
dissolving colouring matters, c.g. linseed oil.) 
On being heated above 250°, up to 300°, some 
oils, ^specially the drying oils, undergo a change 
which may be described as due to polymerisa- 
twn. Thus linseed oil is converted into a 
thick oil, having a considerably higher speeihc 
gravity than that of ordinary linsetid oil (r/. 
Linseed oil). On this reaction is based the 
manufacture of Polifim rised Qilii. * Linseed o)l is 
converted by heating above 260° into ‘ varnishes * 
(not to bo confounded with oil-varnishes contam- 
ing linseed oil, gums, and oil of uir|>eiitine), 
which, according to tlnur s])ecilic gravity,** aie 
graded in commerce as ' thin varnish ’ (sji.gr. 
0-l)()b), ‘ medium varnish’ (sp.gr. 0-072), ‘ strong 
varnish ’ (sp.gr. ()*074), ‘ extra strong varnish ’ 
(sji.gn 0-07tS). 'Jfthese oils liiid apjilication in 
lithographic printing and in the prejiaiation ot 
printer s ink, also as ‘ bird-lime,’ and in the 
inanufacture of plastic masses. Hence these 
oils are known in the trade as ' litiKHjiapfnc 
varmshLS.'' Tung ad is converted by iieatiiig 
to 260 ’ into a jelly-like mass, ‘ jiolymerised 
tiing oil,’ used in the preparation of oil varnishes 
and even in the luauufaetuie of linoleum. 
Polpniensed Saffi>ower od is jirejiared in a 
similar manner from safflower oil. 1 n India this 
product lias been jirejiared by the natives lor 
maliy eenturies, and is known as ‘Koghan’ 
{‘ Afridi wax ’). (hislur oil espe.eially lends itself 
to the prejiaration of ]iol> im'rised oil, owmg 
to the chemical consti(^ution of ria'nokic acid 
(of which it contains considerable quantities), 
by prolonged heating, as is practised, t-.y. in 
the preparation of cognac oi\ when a 8[»ongy, 
very bulky india-rubber-like mass is obtained 
(for which a solvent has not yet been found). 
The polynii jisation can be accelerated in some 
cases by tlio addition of ‘ condensing agents,’ 
such as concentrated sulphuric acid, aluminiury 
chloride, and zinc chloride. 
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tbe hydrocarbons formed exhibit optical activity 
(Lewkowitsoh, Ber. 4161). Before gas- 
making from coal war .generally adopted, 
illuminating gas was frequently prepared from 
fatty oils. In this connection it may be interest *9 
ing if? remembe^ that Faraday discovered 
benzene in condensed gas made #om whale oil. 

As these changes are most impoi-tant, 
special attc4\tion must bo paid to the influence 
which light, air, and moisture exert, both 
separately and conjointly. ^ 

o/ light . — Tho action of light alone, 
air and moisture lifting excluded, has hitherto 
not been studied thoroughly. It is well known 
Jhq^t oils and fatsnaci(ufre a [>aler colour under 
the inlluence of insolation, somo oils^even 
becoming colourless. 'I’lie application of insola- 
tion to industrial jmrjiuscs is well exemplified 
by the meihotl of hh’jjfclimg linseed oil, eod-liver 
oil, and olive oil under glass isr in glass bottles. 
Since pure glyeeiid(‘.s^ure themselves colourless, 
the light can only afieet the foreign substances 
dissolved 111 them. 'Fins is further proved by 
the fact that iiisijlatcd eotton-sced oil does not 
reduce silver nitrate so leadiJy as does ootton- 
iseed Oil kept in the dark, and that exposure to 
light destroys those minute traces of*cbromo- 
genetic substances which give rise to colour 
reactions that h.ive for a long time been orroiic- 
ously eoiisideied as eharaci eristic (t;. infra). 
It would ajipear that the specitie action of light 
IS due especially to the ultra-violet rays (.see 
above under Bkaching). 

KJfect of air . — When studying the ofEeet of 
air we must dearly discrimmate between the 
intluencc of the ordinary atmosphere — which 
necessarily includes the action of oxygen, 
moisture, and lijj^ht (dilliised daylight, direct 
sunlight) — and the inlluenct^ of dry air, to the 
exelu.sion of moisture and light. The effect of 
the atmosphcrcTiin oils and fats varies in a vciy^ 
marked degree with the cliemical composition 
of the glycerides. As a general rule, it may bo 
stated that the greater the proj^ortion of 
unsatuii^.ed fatt^y acids in the glycerides of oils 
and fats, the greater is their power to absorb 
oxygen. 'J’he ehemieal change is most marked 
Ml the case of diyiiig oilt;,; it becomes gradually 
Hsh proiiuiinciMl with the decrease of the power 
of absorbing lodini', as wi' jiass through the 


When oils and fats are heated hijyond 25®°, ! classes of semi-drying oils and non-drying oils 
decomposition sets m, wilji the formulation of , dovVn to the solid fats. Marine animal oils > 
volatile products, the must prominent of which j occupy a position similar to that of drying oils. 


is acrolcw. The intense odour of ^cmlein, j 3’he oxygen absorption power of tho ^ 
which all fats emit whp heated above 300°, | o^ils and fats will he eonsidered below 
one 


vanous 
in tho 


o| tbe mosi characteristic reactions, 'section Analysis. ]Ij‘\nig oils .jfJcocken at first 
enabling mia to distinguish rapidly fatty yis ; and form an elastic skin on the surface. If ex- 
and fats from mineral anc>e88eutjal (^ils. Among posed in sufflciently thin layers, as, for instance, 
the volatile products obtained on heating oJls j if spread on wood or glass, they are finally 
and fats to high temperatures aao found, besides | converted into a transparent, yellowish, flexible 
volatile acids and sebacic acia, hydrocarbons | substance, insoluble in water, alcohol, an4 also, 
of the ethane, ethyleno, and aromatic seiiea j to a very great extih^iV, in ether (r/. Linseed oil)! 
(and perhaps also tf^hthenes), the quantity of ! While tliis energetic oxidation takes place, heat 
which is considerably increased^ when the de- I is developed to such a degree that if the drying 
struotive distillation takes pEoe under pressure, f tdkes place in presence of organic substances in 
This ||wt lends strong support to the theory | a fine state of division, offering a large surface 
that tne" natural petroieum bj^drocarbons owe to tho atmosphere (cotton waste, woollen rags),* 
their origin to the destruction of oils and fats. { spoj^aneous combustion will ensue. The non! 
The vegetable fats generally offer much greater , drying oils remain more or less unchanged, 
resistance to th^r conversion into hydrocarbons | The serai-drying oils ogcupy an intermecuate 
under pressure than do ammal oils and fats, positioif. The gradations between tbe various 
If an opticallyoactive fat is distilled destructi-^jply, I classef are, however, by no means so distinct 
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as to warrant the drawing of hard and fast 
dividing lines betwoen^e three classes. 

The action of air^ intensified by spreading 
oils and fats over toely divided metals (lead 
powder, copper powder), the metals acting as 
accelerators or catalysts. Tl^s reaction 4s used 
for analytical purposes in the determination of 
the opeygen absorption power of oils (v. infra). 

Dry air, to the exclusion of mftisturc and 
light, ha§ no action on oils and fats, at the 
ordinary temperature. They will therefore 
remain unchanged for practically an indefinite 
length of time, if kept prot«^ctod from moisture 
and light. Since it is very difiicult to exclude 
the last traces of moistufo whwi storing oils {yut, 
fats, such njoisture as gains access to the oils 
and fats will exercise a slight action in the 
manner described in the following paragraph, 
that is to say, small amounts of fatty acids will 
be formed, but raRcidity need not set in. 

Ejfa't of moid'ure. — Tlp' effect of moisture 
(always present in the atmosphere) is a far- 
reaching one. ''In order fully to understand its 
effect, it is necessary to consider the action of 
water on oils and fats. 

At temperatures up to about J 50° watci < 
docs not attack glycerides, but if the tempera- 
t^ifc be raised to 200° or more, the triglycerides 
are finally decomposed (hydi'olysed) into their 
jiroximato components, glycerol and fatty 
acids, whilst the elements of water are assimi- 
lated. This action appears to have been 
observed first by Appert in 1825. 

The hydrolysis thus produced at high 
temperatures is greatly accelerated if the action 
of the water is assisted by suitable chemical 
agents (catalysts). If such agents are presi'iit, 
it is possible to reduce the temperature. Thus, 
by the assistance of concentrated sulphuric 
acid, the chemical change may be effected at a 
Ifemperaturc of about 120°. The temperature 
required for the chemical change may be further 
reduced to about 100° by employing strong 
hydrochloric acid. A still further reduction of 
temperature can be effected by the introduction 
of strong bases in alcoholic solution {fsee'Sapovi- 
Jicalion). Finally, the change may be brought 
about by water even af. the ordinary tempera- 
ture, if naturally oecurriiig enzymes, such ai>>i 
lipase, or stcapsin, are intimately intermixed 
with the oils and^fats. Fat-hydrolysmg enzymes 
.^cem to occur in most, if not in all, oleaginous 
seeds, and no doubt play an important part in 
the utilisation of the fatty reserve ^iroducts 
stored in the seeds. During the germination of 
tho seeds, hy^lysis takes place, and free 
fatty acids arc liberated ; hence, it appears very 
likeiy tl^t the presence of small quantities of 
free fatty acids, which are always found in even 
the freshest vegetable oils and fats, is due to the 
slight action of these enzymes on the glycerides 
stored in tho seeds. The rabsence of suitable 
conditions in ungerminated seeds would appear 
toe lead to limiting very sensibly the progress 
of hydrolysis. Such conditions are the presence 
of sufficient water and of small amounts o!? a 
mineral acid (carbonic acid, v, eupra), or of a 
strong fatty acid (such as acetic acid)^ If 
water acidified with small quantities of such 
acids be chumed up '\|irith oils and fats, and 
suitable enzymes be introduced into the ntixture, 
hydrolysis of the glycerides takes place gradually 


at first, hut rises, at the optimum temperature, 
to a considerable extent within a comparatively 
short time {see Saponification). Thus the 
ferment contained in castor seed is capable of 
effecting practically complete hydrolysis in the 
course of a few days. Enzymes oi a similar 
kind, such as ‘ catalase, may reasonably be as- 
sumed to be contained in commercial animal fats 
to a araaller or greater cxter.t, according to the 
care exercised in the separation of the. animal 
tissue from the rendered fat. 

Accepting, then, as a fact the occurrewFe of 
small quantities of fat-hydrolysing enzymes in 
tliose commercial oils and fats which have n«t 
been heated to such temperatures that inhibition 
of the enzymic action must set in, we shall be 
able to und'v.^rstand those changes which oils 
and fats undergoVm exposure to the atmosphere. 
As is well known, they acquire thereby a dis- 
agreeable qpiell and an acrid taste ; and tho 
presence ol free, non-volatile fatty acids, as 
als(/bf small quantities of volatile acids, may he 
observed. We comprise these changes under 
tho term ‘ rancidity,’ and wo express this by 
stating that the oils and fats have become 
‘ rancid.’ 

'I’lio effect of light, air, and moisture may 
now be explained as follows : In the presence 
of sufficient moisture and acid, enzymes are 
enabled to accelerate hydrolysis so that a 
certain jirojiortion of the glycerides may give 
rise to the production of diglycerides (and mono- 
glyceridcs) and free fatty acids within a com- 
parativdy short time (a few days or a few 
weeks according to the eonditions). Hence. the 
first postulate is that free fatty acids should make 
their appearance. 

It IS well known that oils and fats, if kept 
fully protected from light, air, and moisture, 
retain indefinitely their state of neutrality, 
whereas if they are ii/>t carefully preserved, 
moist air easily gains access (as in imperfectly 
corked bottles, barrels, &c.), and free fatty 
acids, of the 8am»i composition as those which 
are comhined wdth glycerol in the neutral fat, 
are produced. The quantity of enzymes in 
filtered commercial oils and fats being very 
small, the amount of hydrolysis effected in such 
oils and fats will be restricted ; hence tho 
proportion of free fatty acids in commercial 
oils and faks does not, as a rule, exceed a few 
per cent, rlf, howevpr, oils and fats be allowed 
to remain in contact with the organic matter 
from,.whii;h the^ have been obtained, such 
as tho male of fruits (as in the case of olive 
oil, palm oil, and coconut oil), or animal 
tisi^cs (as in tho case of ‘ rough fat,* blubber, 
fish livers), ^ir casein, * &c. (as in the case of 
bufitor), the hydrolysis of the glycerides increases 
somewhat rapidly and may reach very high 
proportions. Thus the so-called bagasse olive 
oils (t.e. oilsf expressed from exposed olive marc, 
contain as much as 70 p.c.**of free fatty acids. 
Falm oil may e-v^en undergo complete hydrolysis, 
^nd hence be foundTo ponsist almost exclusively 
of fatty acids. In all these cases we can 
satisfactorily exphiin the^ formation of a high 
proportion of fatty acids ty the conjoint action 
of water and enzymes. It appears, therefore, 
unnecessary to invoke the action of air and 
light in order to explain the presence of free 
fatt}^ acids. 
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The author, therefore, ascribes the primary 
cause of rancidity, namely, the formation of 
free fatty acids, to the action of moisture in the 
presence of soluble enzymes which act as cata- 
lysts or accelerators. The occurrenjce of small 
quantities of free fatty acids even in refined oils 
and fats (edible oils and fats), would thus be 
explained. Yet these oils and fats are by no 
'means rancid. Inoeed, the presence of the free* 
fatty acids imparts a slight, not unpleasant-, 
flavour ; for it is welUknown that completely 
neutral oils and fats have an insipid taste. 

• Hence, rancidity is not due, as is still widely 
believed, to the jiresence of free fatty acids 
alone ; in other words, rancidity must not be 
considered as coterminous with ^cidity. The 
frequent confounding of theie*two terms is 
caused by the fact that acid oils and fats are 
frequently rancid as well. It is only when 
oxygen and light gain access to tMe acid fats 
that the conditions favouring th('- setting in of 
rancidity are jirovided. Rancidity is rather 
due to The direct oxidation of frei' fatty acids 
by the oxygen of the air, assisted anrl intensified 
by the exposur^i^to light. Oxygen and light 
must act simultaneously, either oi these agents' 
alone being unable to produce ranci(lity ; 
hence, the greater the surface offered to the 
atmosphere the more rapidly will they be able 
to exercise their influence. 

Oils (liquid fats) turn rancid more readily 
than solid fats. This agrees with the fact that 
liquid fats are much more easily hydrolysed 
in the enzymic iirocoss (we Sa'pontjicahoyi) j 
than are solid fats, such as tallow. Whether ' 
fats containing glycerides of the lower fatty acids 
(butter fat, coconut oil) are more liable to 
become rancid than the fats containing gly- 
cerides of the higher fatty acids (cacao butter, 
tallow, &o.) has not yet been decided exiiori- 
mentally. It may, hbwever, be taken as a 
general rule, that the higher the proportion of 
insoluble saturated fatty acids, and the lower 
the percentage of unsatiirateT glycerides in the 
fat, the less will be its liability to turn rancid. 
This rule, however, appears to break down in 
the case of coconut oil and of Japan wax, which 
differ greatly in the composition of their con- 
stituent glycerides. 

Whilst, then, there appears to be no doybt 
but that rancidity is due to the ^multancous 
action of moisture, oxygen* and light, very little * 
is known as to the actual chemical change which 
the liberated free fatty acids unck^go.* The 
observation that rancid fats contain free fatty 
acids ha4 been made before 1814, and both 
steam distillation and extraction with alc#hol< 
were proposed for their removal. • The opinion 
has also been frequently expressed that the 
bodies characteristic of rancid flits are aldehydes 
( oenanthaldehyde) and similar substaiices. Hence 
the usual reagents <ePploy®^ fo** I'fi® detection of 
aldehydes have been suggested as a chemical { 
means of differentiating rancid fats from acid fats* 

A method of ascertaining the presence of 
incipient rancidity been based by Issoglio 
(Annali Chim. Appl. 1917 , 7, 187 ) on the ‘ oxi- 
disabiUty value ' of the volatile constituents of 
the fat by means of standard permanganate 
solution. , 

Some isolated observations regardmg the 
chemical changes undergone by rancid faH are 
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given in a table, published by Lewkowitsoh 
(Analyst, 1899, 327). *• 

Action of oxyge7h. — If • air, or better still 
oxygen, be blown through fatty oils at the 
temperature of boiling water, oxidation take! 
place. So much •heat is thereby evolved that 
the oxidation process conliiiues^without further 
heating. Qn this reaction is based the inikistry 
of ‘ blown oils.’ • 

Bluvm OiU.^ 

The most notable change produced by the 
action of oxygen *is an increase in density 
(hence they are also termed ‘thickened oils’). 
•Tlfe oils thus Obtained resemble castor oil 
in their density and viscosity, buT differ from 
it in that they are soluble in jietroleum spirit. 
Hence, these oils are known in the trade also 
as ‘ soluble castor oil^,’ The similarity to castor 
oil, as also the high aciityl values of the blown 
oils, has led to th(5 •opinion that glycerides of 
hydroxylated acids are formed,^ but the fatty 
acids actually produced differ from the castor 
oil fatty acids and form a special class of fatty 
acids, oonquised by the author under the term 
f ‘ oxidised acids.’ Fatty oils belonging to the 
1 class of semi-drying oils lend themselves specially 
I to the manufacture of ‘ blown oils.’ Thuip^iti 
1 commerce there arc obtainable ; blow n maize 
oil, blown cotton-seed oil, ^ blown rape oil, and 
blown castor oil. J’he specific gravity of these 
oils is increased by the formation of oxidised 
acids and may reach, according to the time of 
treatment with air, as high values as 0'96 and 
above. The chemistry of oxidised oils has 
j been investigated by Lewkowdtsch {see Chem. 
j Tech. [iii.]). Blown oils are also prepared from 
fish liver and blubber oils, and are used in 
the leather industries as also in the production 
of compound lubricating oils. In the case (A 
drying oils th^oxidation process proceeds mucm 
further, finally yielding jclly-liko or Sven solid 
clastic masses. Thus linseed oil dries on ex- 
j posure to the atmosphere in a thin*film to an 
Udastic, fthin skin. Blown soya- bean oil also 
I yields a viscous somewhat elastic mass. 

• Boiled Oils. 

Extensive use is made of this action in the 
indwstries of boiled oils, paint oite, and varnishes. 
The boiled oils were up to a few decades ago pre-* 
pared e:jclu8ively by ‘ heating ’ linseed oil, a» 
also other drying oils, with a small quantity of 
suitable metallic oxides or metallic salts — driers, 
siccatives {see Driers and oil) — over 

free fire to temperatures varying from 210° to 

260°. ' • 

It has been found that linseed oil, after 
heating with lead oxide, absorbed oxygen more 
rapidly than did, linseed oil not so prepared, 
and whereas raw Iftiseed oil requires about 3 
days for drying to an elastic skin, the drying 
process i# so much accelerated by the treatradht 
wi^h lead oxide over free fire, that linseed oil so 
prepared will dry evea within 6-8 hours to an 
elastic skin. * 

What reaction takes place during the process 
of boiling is not yet fully known. A slight 
decomposition of the glycerides undoubtedly 
oocuiji, as is proved by the evolution of acro- 
lein vapours ^uring the boiling; but speh 

2 F 
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decomposition of the linseed oil is very limited, 
as the ‘ boiled oil,’ litfe the polymerised linBeed 
oils (lithographio vafViish), still yields alipost its 
/ull amount of glycerol. Moreover, practical 
experience has proved that boiled oils npust be 
made from glycerides, siiftie ‘ boiled oils ’ 
cannot be obtained from linseed -oil fatty acids, 
or from ethyl esters of the mixed linseed -oil 
fatty acid^. 

The process ^of boiling with ‘ driers’ ap]»ears 
to be an empirical way of producing metal 
salts (lead salts, cerium salts, or manganese 
salts) of the fatty acids of the boiled oils, partial 
saponification of the gl;v ceridjjs taking place at 
tho hfgh tc’nperature to which the oils 
subjected while being ‘ boiled.’ These lead | 
(or manganese) salts of the fattv acids are able j 
to act as oxygen carriig's in the jn-ooess of I 
‘ drying,’ when the boiled oils are exposed to I 
the atmosphere cither in their original state or ' 
in admixture with pigments, gnm-resins, &c. 
This would leid to the exiihiiiation that the ' 
driers act as catalysts, a smalt tpiaiitity only | 
being required to aceelerafi' the oxidation, so j 
that the oils iinally yield a skin. 'L’hese views I 
find support in the modern methods of preparing j 
‘ boiled oils.’ 

’'Thus at present the bulk of the ‘ boiled 
oils’ is obtained by heating linseed oil with 
driers to a temperature of about 150'^' only. 
The process is (jarni'd out by introducing the oil 
into a cylindrical vessel provided with a heating 
coil and agitating gear, so as to pi-oduce an 
intimate intermixture between oil and drier, 
while they are heated to the desired tmnperature. 

According to the quality and the amount of 
drier added, and the length of time during 
which the oil is lieatcd (‘ boiled’), p<ih' or dark 
tills arc jiroduccd. The former are known in 
eommorce as ‘ jiale- boiled oils,’ the latter as 
‘ double- boiled oils.’ The femperatiin' can be 
reduced even to 120''’ by merely dissolving 
‘liquid driers’ (solutions of lead linoleaf.e, &e., 
in linseed ‘oil), and assisting the operation, if 
required, by a current of air. 

These boiled oils have the inojieii.y of 
absorbing oxygen froni^the air at a much more 
rapid rate than does raw linseed oil, and the 
time required for the lormation of a skin is 
thereby much shortened. 

^ The chemical change which takes place w^hon 
a vegetable oil ‘ dries ’ to a solid idastie skin, is 
*but veiy imperfectly understood. I’lie final 
product appears, however, to bo the same, 
whether raw;Jipseed oil bo allowed to absorb 
oxygon from the' atmosphere slowly, or wllethcr 
the ‘ d|’ying ’ be accelerated by previously' 
converting the oil into ‘ boiled ’ oil, or tlie raw 
linseed oil be treated in a current of oxygen or 
ozone ^ at a somewhat elevated temperature. 


formed when the mixed fatty acids are exposed 
to the atmosphere. Moreover, Bauer and 
Ilazura have shown that, at any rate in tho first 
stage of oxidation, the glyceridic constituent of 
tho linseed oil remains intact, and that the oil is 
I converted by exposure in thin layers into a 
substance resembling in its properties Mulder’s 
‘ linoxyn,’ but still repre8|^nting a glyceride. 
This substance was assumed by Bauer and 
Ilazura to lie bydroiylinolein (t.e. a mixture of 
hydro xylinolin and hyd»oxylinolcnin). 

Kahrion has applied Englcr and Weissberg’s 
autoxidation theory to this problem, and in the 
light of this theory ho regards the linseed oil 
as an ‘ acceptor,’ and the driers, especially lead 
and mangai^ese, which are readily converted 
into peroxidcCl, as autoxidisers or catalysers. 
He further argues that some facts seem to show 
that the drying process may also be considered 
as a molcefilar autoxycaialysis, and that driers 
can 'therefore only be looked iqion as psoudo- 
eatalysers (pseiido-autoxidisers), they causing 
tho addition of hydroxyl groups, and leading 
to the formation of a secimdary autoxidiser. 
d’Jie latter in its turn would +'’ko up oxygen in 
its molecular form, and become converted into 
a hydrojx'ioxide of a metal and hydrogen 
piToxule {cf. Linskkj) oil). 

Genthe, in an elaborate pliysieo-ehemieal 
study ot the drying of linseed oil, has shown 
by a series of expeiimcntp that tho diying 
process would appiiar to represent a sjicoial 
case of autocalnlysis, inasmuch as his results 
! corresjiond approximately to numbers obtained 
by means of the equation dxjdt {a ■ x) 

(the equation propounded by Ostwald for auto- 
eatalytie reaetioiis). The substance which acts 
as llu^ auto-eatalyst could, however, not be 
Isolated, and the assumption is made that it 
has the charaeier of a peroxide. The so-called 
‘blown boiled oils’ w'ould, therofore, be linseed 
oils, in W'hieh peroxides are pre-formed, and the 
accelerating action which old oil of turpentine 
jiossesses would be due to the high proportion 
of peroxide it contains. (It must, however, 
not ho overlooked, that the peroxide has not 
yet been isolated.) ’riie ‘driers’ would thus 
have to be considered as pseudo-catalysts, their 
fupetion being to accelerate, tho drying process 
by assistinjj in the formatitm of autocatalysers 
(‘ peroxides ’). 

Boiled oils arc n5t (yet) oxidised oils, but do 
become oxidised when exposed to the atmo- 
sphei'e, forming the well-known skin which 
paints (that is intimate mixtures of boiled oil 
and pigments) form on the painted objects. 

’‘The oxidation of knsoed oil may bo much 
accelerated by blowing linseed oil in the same 
manner as is done in the preparation of blown 
oils (.see above). This process is carried out in 


after having been interpifxed with driers, the manufacture of Jtinolmm, when boiled 
Mulder’s opinion, that in the first stage the linseed oil is allowed to lisin over ‘ scrim ’ (a 
g\ycoridic constituent of the oil is oxklised and light cotton fabric) hanging down from the 
that the liberated fatty aiuds take up oxygeci : ceiling of a hi|h building, the temperature of 
and are converted into the anhydride, of which is kept at aboul* 100°^ F. A portion bf oil 
J hydroxyliiioleic ’ acid («.e. the anhydride of solidifies on the fabric ; ^fie oil which drains off 
hydroxylated linseed oil fatty acids), a neutral is again pumped up and, allowed to run down 
substance, insoluble in ether, termed by' him until tho Ipyers of tho semi-solid mass have 
‘ linoxyn,’ must be reiectod as erroneous, for reached (after several weeks) the thickness of 
this view postulates that hydrolysis •bf the about half an inch. Tho solidified oil obtained 
glyobrides precedes oxidation. It has* been by this method is termed ‘ scrim oil.’ 
pointed out alt^ady that the s^jilid skin is not another method consists in passing a current 
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of oxygen gas through linseed oil intermixed obtained. Hence it is^^ssible to obtain on a 
with a dri(5r and heated by steam in jacketed practical scale brominatecLoils and fats. 8uch 
pans. When the maximum amount of oxygen products are recommended for pharmaceutical 
has been absorbed, the mass forms a thick I purposes. Thus bromine compounds of sesamA 
viscous fluid, whi(i will still flow* while hot, i oil are^old as ‘ br^mipin.’ 
but on cooling solidifies to a substance similar ' Action of iodine. — Iodine only slowly 

to the ‘ scrim oil.’ During the ‘ blowing ’ i absorbed wdien mixed with oils or fats, but 
partial hydrolysis «nd oxidation of the glycerol ! it does nof, yield substitution products. The 
formed takes place, as notable quantities of j assimilating power of oils or fats for iodine 
acrolein vapours escape, j^he semi-solid oil so j varies with the chemical (Hins^tution of their 
obtaiined has not the same elastic properties glycerides and also with the temiicrature, but 
which the ‘scrim oil’ jiussesses. (Both pro- never reaches that theoretical amount, which is 
c^ssos were invented by D. Walton, in 18G0 and indicated by the iodine value of oils and fats 
I Bf)3 respectively.) The solid linseed oil is used above), Jo4ised This and fats ha^e also 
in the manufacture of linoleum. been introduced into pharmacy. •Thus ‘ iodi- 

In a third jirocess, known the Taylor- jiin ’ is a derivative of sesame oil, containing 
Parnacott method, the linseed ml is thickened about 25 p e, of iodine. 

at a high temperature in a ourrent ol air. ( ’oiiqilete .saturation of the unsaturated 

For furtlu'r details of the devglopment of glycerides uith halogmis may* be effected in the 
the linoleum industry, see J. Soc. C’hem Ind. cold, if an alcoholy: solution ot iodine and 
1910, 38, 26 T. * mercuric clilonde, or a soluf ioii of iodine mono- 

’I’he non-drying oils are less readily attacked chloiide or iodine inmiobroiidde in glacial 
by oxygen, and solid fats only suffer a change if acetic acid, is allowed to act on a dilute solution 
heated to a high temperature. of oils or bits. MTie glycerides of the unsaturated 

Action of oS&he. — Ozone has no action mu acids absorb m that case 1 molecule of iodine 
the glyciu'ides of saturated tatty acids. ’J'lic chloride, or iodine monobromide, foi^eaeb pair 
glycerides of unsaturated fatty acids are, of doubly-linked carbon iitorns, with the foi^a- 
however, easily acted on by ozone, each pair of tion of saturated eomjiouiids. Oii this action , 
doubly-linked caibon atoms absorbing 1 mole- is basi^d one of the most important analytical 
ciile of ozone. ' operations practised in t'lA* examination of oils 

According to 1 fames, ‘ ])erozonides ’ appear | and fats, viz. the determination of the iodine 
to be formed first, which are easily converted j valiui {v. 'infra). 

into stable ozonides {sec Oleio acid) ! ('hloro-iodo, as also lodo-bromo fats and oils 

Action of hydrogen. — Hydrogen gas under j prepared by the above-described reaction 
ordinary conditions or under pressure, or even are being introduced (or attempted to bo 
if evolved in nor either elect, rolytieally introduced) iiitft pharmacy, 
or by moans of sodium amalgam, has no action Action oj suJfdmr chloride. — Sulphur chloride 
cm t he glycerides of higlii'r unsaturated fatty acts energetically on tats. The reaction appears 
acids, although it effects deodorisation ol mis to consist in an absoiption of the elements of 
and fats. • sulphur chlonicie. mucli as iodine chloride 

Sabatier and Senderen.s, how’over, furnished , ab.sorbed by the unsaturated carKui atoms 
by their method of reducing organic substances (.svr above). The action of sulphur chloride 
by means of hydrogen in the preseiici* of finely would, tlvrefore, ajiiioar to consist^n the con- 
divided metals, especially of finely divided v(‘rsiomof unsaturated (fatty acids or their) 
nickel, an easy means of converting the glycerides glycerines into satiirati'd compounds, 
of unsaturated fatty acids into practically In the two tables shown on page 660 a systo- 
completely saturatecl glycerides. Thus whale matic examination m«dc by Lewkowitsch (of 
oil, cottoh-seed oil, sesame oil, &c., can iie •the ])roducts obtainetl by the action of sulphur 
reduced to hard tallow-like substances which chloride) has been collated in a synoptic manner, 
practically absorb no iodine. Tluiiaame effect ^ The sulphur chloride reacti 4 jn finds technical 

may be obtained by using colloidal palladium ajiplicatioii in the mamifaeture of rubber • 
(Paal and Roth) or simifly finely divided substitutes (sre Fwfra a i.-W be 
palladium. A somewhat consideralie lumber ^ o/Mi/p/rar.—Sulphur has mi chemical 

of patents have been taken in this direction, action on oils and fats in the cold. At higher 
all of thtm claiming modifications of the funda- temperatures, however, from to 160 , all 
mental dtocess of Sabatier and Senderen8,(f/.i oils (since they contain glycerides of unsaturated 
Hydrogenated Oils). • • ^ ^Jitty acids), notablv linseed oil, casto^il, rape 

Action of chlorine.— ChhTine acts on fiils oil, cotton-seed oil, and marine animal oils, 
arid fats with evolution of l^drochloric acid, assimilate suljihur, and it would appear that the 
fflvcerides of chlorinated fatty acids being sulphur is absorbed much m the same to^ner as 
formed At the samo time chli^o addition oxygen is absorbed by oils. On cooling, the 

- ■ “ ’ sulphur does not separate out ; on saponifying 

the sulphurised oils in the cold, aulphuriaed 
fatty acids are obtained, while very little 
sulphuretted hydrogen is evolved. Oil heating 
the sulphurised fattv acids to l30®-200°, how* 
evej, sulphuretted hydrogen escapes ih latge 
quantities, and substitution of hydrogen in tfib 
molecule of the fatty suj^stance by sulj^ut seemii 
to takh place. The action of sulphur on oils ia 
madff use of in the manufacture Of VulhftnidBd 
oils. 


products are obtoniecl. nunerio it nas not 
been possible to moderate the action of chlorine 
to such an extent that cj^lofo addition product? 
are obtained exclusively. Attempts are being 
made at present to filffi appliiations for chlorin- 
ated oils and fats in the arts. 

Action of bromi'ne.—Btomin^ acts m a 
manner similar to chlorine, although much 
less violently, so that it is possible to limit the 
reaction in *he case of unsaturated glycfrides 
so far, tKat bromo adflition products only are 
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Vulcanised Oils. 

Vuloanisod oils, ‘ rtif)ber aubstitiites,’ arc pre- 
pared by a i)roco8s resembling the vulcanising 
of india-rubber, namely, eitlK’.r by treating oils 
with sulphur at a somewhat ^’evatcd tcibi)era- 
ture (comparable to the ‘ hot cure ’ of vulcanising 

Oils an® Fats treateu wmi* Sulrhuk 
Chloride ; 5 grams of Fat, 2 c.c. of 
Sulphur Chlortde, and 2 r.c. of 

(JaRBON DjSULPHmE. 

A. Products C()))i]ih'l('h/ soluble iu (Uuhon 
Disulphide. ^ 

Class o[ oil Kind of oil ' — 


Vegetable fats 


Animal fats . 


]Vl/)wrah seed od 
Palm oil 
l^alm nut oil 
Oocoiiiit oil 
Lard 

Putter fat 
Peef tallow 
Mutton tallow 


i \ Mass does 
I { not tliK ken 


P. Products not completely soluble iu Carbou 
Disvlphuk. 


— 




-- 

1 


Solidilles ! 

? k 1' 

1 


after imiiiilcs ' 


Class of oil 1 

Kind of oil 

In tlio: 

On the j 
w Jitcr- 

||| 



cold j 

hiitli i 

$ O ^ 



, j 


P c 


1 Linseed 

10 1 

o 1 

14*4 

Drying 

Tung 

U 1 

— 

— 

^oils 

Hemp .seed 
Poppy seed 

11 1 

-- - : 

0*2 


, 21 ♦ 


10*(> 

Fish oils 

.lapan fish 

! 0 


124 

Liver oils 

((k)d liver, pure 

: 15 

— 1 

4-4 

*1 ,, ,, rancid 14 i 

' ‘ i 

(i*4 

Blubber 

(Seal 

IJ 1 

- e 

4*4 

oils 

(Whale 

1 13 : 


3*0 


/( Cotton seed 

20 ! 

4 

24*0 

Semi-dry- 
ing oils 

Sesam6 ** 

1 Colza 
j Rape 

!21 , 
; 23 1 
' ‘2 1 


18*4 

2*8* 

4-2 


U'rotjn 


— 

2J1.4 

• 

Beach 

1 21) ! 


4*8 


Almond, sweet 

, 27 

— 

4*0 


Almond, bitter 

i 28 

--- 

1 3*4. 


Arachis 

30 

1 

()•() 

Non-dry- 
ing oil^, 

OiiVb 
( Castor 

22 

! J 

4 

'at once 

4*2 

3*8 

Sheep’s foot 

1 30" 

i “ 

OO 

d 

Horse’s foot 

i 20 

1 . — . 

13*(i 


Neat’s foot 

23 

1 — 

0*4 


Lard 

JO 

— 

15*0 

— p — 

Tallow 
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india-rubber), or by treatment with suljdKjr 
chloride in the cold (corresponding to the ‘ cold 
cure ’ in the vulcanising of india-rubber). 
Hence the term ‘ vulcanised oils ’ is applied to 
these products. ^ 

According to the process used, the vulcHnised 
oils are differentiated in the trade as ‘ br«wn ’ 
(black) and 'white substitutes respectively. 


The ‘white substitutes’ contain, therefore, a 
considerable proportion of chlorine, which is, 
of course, absent from the ‘ brown ’ (black) 
substitutes; thus it is possible easily to dis- 
tinguish by* chemical means betw^cen the two 
classes of rubber substitutes. 

'Fhe white substitutes form a yellowish, 
elastic, crumbly substance rif oily smell and ^ 
neutral reaction ; the brown (black) substitutes 
occur in commerce cither as sticky lumps or as ^ 
a coarsely ground powder. < 

To maniifaciuro the white substitutes a 
, suitable oil, especially rape oil, castor oil', 

I .soya-b('an oil, mai/c (corn) oil (also scsam6 or 
araohis oil), is dissolved in carbon tetrachloride, 
in a wooden^ earthenware, or enamelled iron 
vessel. While* the od is agitated sulphur 
ehloridi' is run in, the agitation being con- 
tinued uiitjl the mass lias solidified. The 
reaction is aeeoinpanied by evolution of hydro- 
gen ^Idoride. 

Tlie brown subslituies are manufactured by 
heating oils witli sulphur at 100°. In the 
United States considerable quant itics of bniwn 
,, substitutes are marie from nuVife (coni) oil by 
heating 50 parts of oil at 240°, and mixing with 
it about 20 parts of mcltrsl sulphur. 

Adion of nitric and . — (kmcentrated nitric 
aiid attacks oils and fats, acting on them 
violently, with copious evolution of red fumes. 
Pot dilute nitric acid oxidises oils and fats 
graduidly. Fuming nitric acid, in presence of 
conricntrated sulphuric acid, rt'Sets with linseed 
od and castor od to form ‘ nitrated ’ oils, the 
nature of wdimh lias not yet been fully investi- 
gated, although tliey have found technical 
application. 

Nitrated Oils. 

Th(‘ nitrati'd oils are, .viscid liquids, heavier 
than water ; thus the product obtained from 
linseed oil has the sp.gr. Ml 5, that from castor 
od 1*127. Nitratci*! castor oil is insoluble in 
carbon disulphide. The composition of these 
substances is not yet known ; they contain 4-5 
]).c. of nitrogen. Samples examined by the 
author had high saponification values, varying 
^ from 278*5 to 28(1*5. ‘J'he most prominent 
jiroperty of these products is that of forming 
hoitiOgcneouf compounds with nitro- cellulose.'* 
'I’hus a mirturc of 1 jjart of nitrated castor oil 
woth 9 parts of nitro-cellulose yields a product 
roscm^jling ebonite. kSolutions of these com- 
' pounds in Acetone have been proposed as var- 
nishes, as a basis for paint, and for enamelling 
lert^er. By heating ‘ nitrated oils ’ at 130°, or 
“by oxiebsing ^hem with' lead peroxide, rubber- 
lik«' substances are obtained. 

Action of nitrous acid . — On treatment with 
nitrous acid the non-drying oils become solid, 
or acquire tile consistenoe of butter, according 
to the proportion of triol^n (trierucin) they 
contain, trioleip (trierucin) being converted 
fiito the solid isomePd^ triel^iidin (tribrassidin). 
Drying and marine animal oils, on the other 
hand, remain liquirl undef the same treatment. 

The different behaviouc of the drying and 
marine animal oils is explained by^ the fact that 
while ‘ oleic ’ (erucic) acid is converted by 
nitrous acid into a solid isomeric, elaidio 
(braB|idic) acid, linolic, linolenic, and clupano- 
donic acids remain liquid.^ under the same con- 
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ditiona. Hence the non-drying oils yield solid opinions differ as to whether it exercises a 
masses, whereas the semi-drying and the drying physical or a chemical* action. The advocates 
and marine animal oils give more or less liquid of the former cxplanatioi» assume that the oil 
products, according to the predominance of the protects the lake formed on the fibre, much as 
glycerides of oleic acid. The fact ^hat fuming boiled linseed oil serves to jirotect a painteft 
nitric acid has the property of thickening olive surface. The 8«])porter8 of the chemical 
and almond oils appears to have been observed theory hold that the Turkey -wsd oil combines 
firstby Boyle in 16^1. Poutet, in 1819, proposed with alun^na and finally with the colwuring 
this reaction, known as the elaidm test, for the matter to form a compound lake. , In those 
detection of adulterants iit olive oil. The test is cases, however, where chemical combination 
carded out in the following manner (viz. in the with formation of a lake is excluded on account 
modification suggested by Arch butt) : 18 grams of the chemical constitution of the colouring 
if mercury are placed in a dry stoppered 50-c.e. matter, the physical theory appears to commend 
cylinder, and 16-6 c.c. of mtnc acid, sp.gr. 1-42, itself. Hence Turkey-^’ed oil is not a mordant 
are added from a burette. The nitrous acid is opi^jpcr, but actsfis a faxing agent in so fgr as it 
entirely absorbed with productiqp of a green imparts to the dyed fabric a hettef and superior 
coloration ; as long as the r^sagent retains its lustre, which does not belong to the unoiled 
green colour, it is lit for use. Eight grams of the fibre. The sulphoiiated oils would apjicar to 
reagent are shaken up with 90 grains of the oil m the author to bo alnsorhed by the fibre in the 
a wide-mouthed stoppered bottle, plteed in water sanu' raamier as glycerol (ffom soft soaps) is 
at the reqiiii'ed temperature, and again sbaken fixed on the fibre on^washiiig woollen goods, 
at intervals of 10 minutes during 2 hours. Belorc the in-ocess of sulphonating castor oil 

In the early history of oil analysis, before the was discovered (1875), rancid olive oil and 
present scientific (quantitative) methods (r. siilphonaied oils (such as sulphoiiated olive oil) 
infra) were luK^wn, this test alTorded soiiu' woie used as Turk<‘y-red oils. At present 
guidance. Jt was even atiempti'd to base a* Tuikey-icd oil is prepared by allowing con- 
classification of the oils on it, hut sucli a centratcdsulphuiic acid to luii slowly Into castor 
classification must lead to mconcliisive results, oil, vilh constant siirriiig, taking care that»tho 
Although this test was somewhat extensively i(“m]u'iiature of 25'' is not exceeded. Jf necessary, 
practised hero as also in France, it may be the mass must be cooled, for secondary reactions 
said to havi‘ been abandoned in this couiitiy, take place at tcmperati^res above 35° with 
as the results indicated by tlio elaidin tost liberation of sulphurous acid. The product is 
are in every resjicct much less valuable than 1 then mixed with a small quantity of water and 
those furnished by the iodine test. In the j the dilute acid allowed to settle out as a lower 

comparative examination of almond oil and 1 layer. 'Plus is drawn off and the oil washed 

its congeners this test may afford some, litthj [ with a solution of Glauber’s salt, until the 

information of a discriminative nature. Jn j washings arc only slightly acid. Finally 

order to obtain trustworthy results, it is indis- j ammonia is added, until a sample gives a clear 
ponsable to institute side by side with the oil ; solution with a small quantity of water. Some 
Under examination, under exactly the same ctui- I manufacturers use soda instead of ammonia, or 
ditions, tests with stanQard oils of known purity. ! a mixture of* ammonia and soda. iSince tfte 
Actionof concentrated sulphuric acid.^—ii oils, j sulphoiiated oil is not completely neutralised by 
which,of course, contain glyciwidcBofunsatura ted I alkali, the resultant product still possesses a 
fatty acids, be mixed with the acid very gradu- strong acid reaction. • 

ally* and at a low temperature, glyccndes of a Th^portion of sulphoiiated castor oil soluble 
complex constitution arc formed. Tlie forma- in water eontams principally ricinoleo -sulphuric 
lion of those products is indicated by a notable acid, which is easily hydrolysed to some extent 
rise of temperature, (The antiquated ‘Man- by boiling with dilute Heids into sulphuric acid 
men6 test ’ is based on the measurement of l5io ^l.nd ricinolcic acid, whereas another portion is 
*risc of temperature.) Thus, on treating i^ivc converted into inner anhydrides of ricinoleio 
oil with concentrated sulphuric Scid a com- a(*d. The portion of castor Tiurkey-red oil in- 
pound is obtained whiifh may b* regarded soluble in water consists chiefly of free ncinoleie • 
(Geitcl) as a mixed glyceride of oleic acid, acid and small quantities of neutral (uimcted-on) 
stearic acid, hydrogen sulphate, awf h^tiroxy- »oil, anif also of anliydridcs of ricinmeic acid 
stearic i^id, having the formula — (e/. also Lewkowitsch, Chem. Tech, [iii.] 165 et 

CaHglO CigHssOllO Ci 8 H 3 |(S 04 H) 0][0 ^ summary of the principal methods of 

This product is very unstable \rf the presi^ice analysing Turkey-red oil, see J. S(ft. Chem. 
of water. On boiling with water it is rapidly Ind. 1912, 31, 106. The standard adopted by 
decomposed into compounds \fhich foim a com- the American Leather Chemists Assoc, is based 
pleto emulsion with water and fats ;»on agitating on a total fatty oil content of 70 p.c. • 
the emulsion witl^stcam, complete hydrolysis At a temperattire exceeding 100° cowcen- 
to glycerol and fatty acids is brought about {see irated sulphuric acid reacts energetically with 
Saponification). This riiactfbn is employe^ jill oils and fats, partly carbonising them «nd 
on a large scale in the manufacture of Turkey- h^jdrolysing them, whereby glycerol and sulpho 
red oils. ^ compounds of fatty acids are formed. On 

J , J*.. steaming, the latter are decomposed into sul- 

lurmy-rea Uit. ^ phtrio acid and fatty acids. On this reaction 

Turkey-red oil is a fatty substance used in is based the ‘ acid saponification ’ process 
the preparation of the cotton fibre for dyeing emplc^ed in the candte industry (fice Saponui- 
and printing Turkey-red. The part which the oati^in). 

Turkey-red oil plays is not fully understood; Dilute sulphuric acid, even at temperatures 
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of 100°, does not act on oils and fats (Lewko- 
witsch). 1 ^* 

A dilute 8ollltlo^|l of sulpho-aroniatie com- 
pounds (TwitcheU’s reagent) readily Vlfects 
iiydrolysis of the glycerides {spe Saponifica- 
tion). c * 

Aclion of Ttydrocldour acid. — Hydroehlorie' 
acid (ixercises a very slow action at the ordinary 
temperature ; at higher teinperaturtfs it behaves 
as a catalytic agent, and accelerates considerably 
the hydrolysis* of oils and fats. Obviously, 
hydrochloric acid does not take ])art in the 
chemical change, but incitidy accelerates the 
hydrolysis primarily brought, about by watei 
(Lcwlyiwitsch, J. tSoc. (fiem. >ad. 1903, 07), « Ji 
a thorough ifitermixture as m an emulsion could 
be effected between fat and watei, hydrolysis 
would proceed mucli moM' rapidly than was 
observed in Tjcwkeuitsch’*? ex])erinients, for it 
has been shown b^ Inm ex pen mentally that the 
catalytic action oi hydrocldorie acid takes place 
even at the ordinary tenijieratuie in course ol 
time, * 

AcAio 7\ of cauAic alkah.s and alkaline cailh.s,— 
Caustic alkalis ami alkaline earths, if tieatcd 
with oils and fats in the iireseiice oi water, act* 
in the lir^t instance as catalysts bringing about 
raji/d hydrolysis of the oils and tats. The free 
fatty acids formed combine with the caustic 
alkalis and alkaline earths, yielding as a secondary 
product soaps of th^- alkaline metals ami the 
alkaline earths. On this reaction are liased 
the great industries of soap- and candle-making 
(.9ee Saponification and Soap). 

Action of animouia and aromatic bwivs . — 
Ammoma hydrolyses oils and fats to some extent 
if acting under pressure {mi Saponification), 
Alcoholic ammonia, on prolonged standing in 
the cold with oils and fats, yields amides. 

Aromatic hasea, such as aiiiime. tVc., on 
Uemg heated under pressure H 210", react 
similarly 'with oils and fats. In the case of 
aniline, the reaction was stated to take place 
according to the following eipiation — 

C8HB(OIi)8-f3C6n5.NJr,-(]3Hs(OH)3+3C«L6NnJt 
But it has been shown that this reaction is un- 
workable on a practicah icalc. 

In the case of hydroxylamine, hydroxaniid 
derivatives of fatty acids are obtained, together 
with glycerol, a^is exernplilicd by the following 
•equation — 

CaHBfOV-la+SNHaUH-OgnsfOlDa I 3R(NOH)OH 

Systematic JjJx^MiNATioN of Oils and Fats. 

The most frequent problem in the examina-# 
tion of oil's and fats is to identify a given oil or fat. 
As the natural oils and fats represent a compli- 
cated mixture of not only simple triglycerides, 
but also of mixed triglycerides^it is impossible, in 
the present state of our knowledge, to indicate 
a definite course of analysis, applicable to all 
ciicumstances, such as is the case in inorgamy 
quantitative and qualitative analysis. Vet, by 
adopting a systematic plan of examination, il’ is 
possible, in the majority of cases, to identify a 
given sample of one individual oil or fat ami to 
ascertain whether it is a pure or adulterated 
specimen. In the latte»oase, the nature^of the 
adulterant can generally be ascertained. ^ The 
methods described below may also be used to 


identify a mixture of two or more oils and fats 
and to ascertain the presence and recognise the 
nature of the constituents of the mixture, at 
least qualitatively, h^requently, it is even 
possible to determine quantitatively the pro- 
portion in which the eomjionent parts have been 
mixed. The greater the number of comiionent 
oils and fats in a mixture, the more difficiilt 
becomes the examination, ^but if the analyst 
proceeds logically and combines the methods 
described below in a suitable manner, it wj,ll be ' 
possible ill many cases to ascertain thi' composi- 
tion ol a oom])hcated mixture with such accuracy 
as suffices for technical purposes. 

If it he borne in mind that adulteration has 
almost bccoyio a fine art, and that it is being 
jiractised willr ^,hc full armour of scientific 
knowledge by ex])crts who are frequently some 
years ahead of the knowli'dge possessed by the 
analytical cf5iemist, it will readily he uriderstoocl 
thaUtlie analyst must select special niclhods and 
tests and adapt them to each case. 

A systematic examination will deal, in the 
fiist jiistanee, with the natural oils and fats 
themselves. The methods aiy^iied to this jiur- 
}H)se may be broadly divided into physical and 
chemical methods. 

Since all natural oils and fats contain as a 
common constituent the radical glycerol, or 
in other words, since all oils and fats yield 
glycerol on saponification, the difference of the 
several glyci'i’ides can only be conditioned by, 
or due to, the difference of the fatty acids con- 
tained in the glycerides. Hence it follows that 
111 the second jilace tlie ('xaminaiion of the 
fatty acids themselves will prove of great 
im])ortance. A section is, tlicrefore, devoted 
specially to the exanunniwn of the fatty acida. 

The identification of an oil or fat as a 
vegetable or animal oil or fat rests, as ex]dained 
above, on the occuiTcIiee of phytosterol or 
cholesterol in vegetable oi' animal oils respec- 
tively. Hence the examination of the ‘ un- 
sa])onifiablc ’ furnishes an excellent mcaiiB of 
differentiating between vegetable and animal 
oils. From this jioint of view alone, the ex- 
amination of the unsaponifiable matter becomes 
a valuable aid in the systematic .course of 
cAamination. Obviously, if a mixture of vege- 
taljlo and animal oils be given, amiixturo of, 
phytosteroH and eholostei‘ol will be obtained, 
the resolution of w%ieh into its components 
may bo required in many eases. The examina- 
tion dr tRt* ‘ unsaponifiable ’ becomes, further- 
more, most important in those cases in which 
unsaponifiable oils have been used as ad,ulterants. 

^)ne of the most important problems required 
to Jbe solved by analysis is to ascertain whether 
a sample is pure or adulterated with hydro- 
carbons. I’hus *lhe examination of the un- 
saponifiableft matter, provided it exceed 1 or 
at most 2 p.e. of an oil ^ fat, furnishes an 
important clue as to adulteration. It will, 
^,herefore, be mbst eonvenient to subdivide this 
section under the foUot^dng three heads 

I. Examination of Oils and Fats. 

II. Examination of Fatty Acids. 

III. Exaflfiination of * the Unsaponifiable 
Matter. 

Correct interpretation of indications afforded 
by the following tests and strict logical reasoning 
enable us, in the majority of case?', to narrow 
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down, by a process of elimination, the range of 
possible constituents of a mixture to sueh an 
extent that the practised analyst will but rarely 
be confronted with the impossibility of arriving 
at approximate accuracy at least. Jn order to 
facilitate the interpretation of the results 
obtained with the aid of the following methods, 
the characteristic values of the most important 
oils and fats arc ari^inged in a ])ractically natural 
system in the tables collated at the end of this 
article. With the aid of these tables, it will not 
be difficult to identify a single individual. If, 
the course of a commercial analysis, the limits 
of our present kn ’»w]cdge have be(*n reached, the 
application of methods that have not yet been 
used for the case under consideration will 
suggest itself. Tins ha])pcns i^oWiifrequently m 
the examination of technical jiroducts. 

For a number of examples, giving a clue as 
to how oomplicatod mixtures may examined, 
the reader is referred to Lewkowitsch’s (ilicni. 
Techn. 


I. Examination of Oils and Fats. 

The methods described under this head may^ 
be broadly divided into physical and chemical 
methods. With the physical methods may bo 
incorporated suitably the so-callcd orgaiiolejdic 
methods, comprising odour, taste, colour, and 
consistence. 

Examination hy Phyf,ical Methods. 

Odour and taste are esjiecially characteristic 
of the oils of marine animals. In the case of 
solid fats, a red colour suggests raw jialm oil. 
The consistence at ordinary temperature gives 
a rapid indication as to whether the Hpcoimeii 
belongs to oils or fats. In most cases, however, 
these organoleptic mSthods afford some helj> 
to the expert only. Tn the case of edible oils 
and fats, odour and tistc must be considered 
as very important criteria, as rancidity is most 
readily recognised by taste. The following 
physical methods arc of importance : — 

Specific gravity . — The specific gravity of the 
liquid oils is best determined by means of a 
pyknometer or a hydrostatic balance. In fho’ 
case of solid fats, the specific gravity is ijiost 
readily taken at a temperature at Which the fat 
is liquid. Suitable temperatures art 40° in the 
case of fats liquid at that tempmature. In 
other cases, the determination is* mtde at, 
temperature of boiling water. In the tables 
given the end of this article, the sjjecilic 
gravities have been adi^d. Speaking genejbllyji 
it may be stated that the specific g^uvity nuiijjber 
does not afford such important information as 
was believed to be the case*at a time before 
the quantitative methods had been worked out. 
(Still, castor oil w«*nld be recognised at once by 
its exceptionally high specific gravity. 

Melting and solidifying — Fats do 

melt so sharply as is tke case with chemically 
pure substances. H|noe fat^, if examined in a 
capillary tube, melt, within several degrees, the 
fats softening at first, then melting at the edge 
of the substance, becoming transparent at the 
same time until they are melted completely. 
Therefore, s^me uncertainty obtains as to which 
temperature should be regarded as the mtlting- 


point. Some observers denote as melting-point 
that temperature at •which the fat which 
has been allowed to sonjjify in a small tube 
open ‘at both ends softens sufficiently to be 
driven up by the hydrostatic pressure of watem 
Others, again, demote that temperature as the 
melting-point at which the fi^- drojis off the 
mercury bulb of a thermometer, whic^ has 
previously Hiccn dip])ed into the melted fat and 
allowed to cool. Hence, it is in*perativelv 
necessary to state in each easi'^iy uhat method 
the melting-point has been deteimine 1. It 
is, therefore, custriiiiarv in commerce to aLO’ee 
between buyer and seller as to the method. 
HUis important k) notf* that the fri'shly melted 
sample does not indicate the true meltitig- 
pomt, which i.s only ascertainable after the 
Ham))l(' has been kept for 24 hours. In tlie 
eas(‘ of cacao buttef, even an interval of two 
or more days is required. Tlie melting-points 
of most fats are giv^m in the tables at the end 
of this article. It may be jiumted out that, 
as a rule, it is preferable to •determine the 
solidifyiug-pomt of tlie fatly acids jirepared from 
the oils ami fats (e. infra). 

Refract i VC index . — The determination of the 
refractive* index — Avhii-h can be carried out in a 
very simple and rapid manner, thanks to^the 
construction of the oleorcfractomcter by Amagat 
and Jean, and cspi'cially tliat of the biityro- 
ref ractometer by Zeiss — llirms one of the sim- 
plest preliinmary tests in the examination of 
oils and fats, and especially in the examina- 
tion of buttei* fat and lard. Owing to the ease 
and rapidity with vlneh this ‘characteristic’ 
can be determined, the objections previously 
raised against observations with the aid of an 
ordinary refractometer have given place to a 
■yvidi'ly held over-esiinmtion of the importance 
of this test. The observer should, therefore, be 
warned aijaiikt placing too much reliance 
the indications of the refractometer an«l, as stated 
already, should only consider it as a preliminary 
tost, the indications of which must ]^e supported 
and corroborated by other methods {cf. Lewko- 
witsch, (>hcm. Teehn.). 

Thus, in the case of butter fat, a glance at a 
sample in the refractoitetcr may decide whether 
the sjiecinieii is grossly adulterated or not. But 
if the numbf'r he only slightly abnormal, or even 
ifgiu- called ‘ normal numbers ’^lave been found, 
the purity of the specimen is not yet proved, , 
it is easy, e.g., to prepare specimens of margarine 
containing coconut oil which show the same 
refraction as a normal butter fat. Even if 
abnormal numbers have beicn i«btained, this 
would not prove adulteration. It would be 
entirely erroneous to look upon th% refracto- 
metric method as permitting the identification 
of an oil or fat. Equally erroncou^ould be the 
attempt to deducp (luantitativeinterpretmtions as 
to the proportions of an adulterant' from the 
deviation from normal numbers. The refractive 
, indices of most oils are contained in the tallies 
at the end of this article. By comparing these 
numbers with the iodine values, it will be 
gathered that there is a certain, although hy 
no* means definite, correlation between the re- 
fractive indices and the iodine values. For the 
description of rofract«meters, see Lewkoi^itsch, 
Chem. Techn., and art. Ebfractometee. 

Rotatory power . — The determination of the 
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rotatory power has not been practised exten- 
sively in the cxaminati^^fi of oils and fats for the 
reasons stated above. Since, however, oils 
belongin^j; to the ‘ Ohaulmoogra group ’ can be 
identified readily — and indeed have been the 
moans of identifying the ‘ Cardamom oil * — (see 
Chaulmoogra *oil GROur) the polarimetric 
method is destined to find a wider application. 

Solubility test. — Almost all oils and fats arc 
easily soluble in the usual organic solvents; 
hence the solubility test has little importance. 
Only castor oil is distinguished from all other 
natural oils and fats by its«feady solubility in 
alcohol (.sec Castor oil). 

Examination by Chemical Methods. 

The most important chemical methods em- 
ployed in the exarp illation of oils and fats have 
for their object the determination of certain 
numerical values which depend on the nature 
of the fatty acids occurring in the oils and fats. 
These numbers represent only a measure of 
the amounts of the several fatty acids or fatty 
acid groups present in tlie oils and fats, without, 
however, f-xpressmg their absoluti! quantity. 
Hence these methods have been suitably termed 
‘ quantitative reactions.’ In addition to these 
quantitative reactions there are also at the 
disposal of the analyst a numher of ‘ quahtative 
reactions.’ 

(a) Quantitative Methods. 

The numerical values which are ascertained 
by means of quantitative methods are divided 
by the author into two classes. 

(a) ‘ Characteristics,’ i.e. those numbers 
which depend entirely on the specific nature of 
an oil or fat and hence assist most materially 
in^identifying a given oil or fat. 

[h) ‘ Vttriablos,’ i.c. those numbers ivhich 
allow us to judge of the quality of a given oil or 
fat. These riiumbers naturally vary with the 
state of purity, rancidity, age, etc., of ^ given 
specimen. 

The characteristics Mill be considered under 
the following heads : ♦' 

(1) Saponification Value, 

(2) Iodine Value. 

(3) Reichert flleichert-Meissl or Reiehcft- 
. Wollny) Value, 

The variables will comprise : 

(1) Acid Value. 

(2) Amdunt of Glycerol, expressed in per 

cent. •• • 

(3) Amount of Unsaponifiable Matter, ex- 
pressed iff- per cent. 

Midway between these two classes stands 
the ‘ acetyl value ’ which, in some cases, must 
be considered a ‘ characteristic,’ whereas in 
other cases it is a ‘ variable.’* 


(A) Characteristics. 

1. Saponification Value. 

The saponification value indicates the nuratier 
of milligrams of potassium hydroxide required for 
the complete saponificatidh of one grr^m of an oil 
01 fat ; in other words, it represents the amfiunt 
of potassium hydroxide, expressed in tenths per 
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cent., required to neutralise the total fatty acids 
in one gram of an oil or fat. 

The saponification value is determined as 
follows : — Weigh off accurately, in a flask 
holding 150-^)0 c.c., 1-5 to 2 grams of the 
jiunfied anil filtered sample. Next run into 
the flask 25 c.c. of an approximately semi- 
normal alcoholic solution of potassium hydroxide 
measuring it off by moans <5f a pipette. It is 
not necessary to addn exactly 25 c.c., but care 
must be taken that for each determination 
precisely the same volume is used. Then attach 
a long cooling tube or an inverted condenser tg 
the flask, and heat on the boiling water-bath for 
half an hour so that the alcohol is kept simmer- 
ing ; in order to accelerate saponification, the 
contents should l^c mixed by imparting to the 
flask a rotatory motion. When the saponification 
IS deemed to be complete, allow the solution to 
cool a little, «»dd 1 c.c. of a 1 p.c. phenolphthalein 
solution and titrate back the excess of potassium 
hydroxide with semi-normal hydrochloric acid. 
In case too much alcohol has been volatilised, it 
is advisable to add some alcohol (previously 
neutralised) or to add normal ^lid at first and 
'..o complete the titration with Semi -normal acid. 

It 18 necessary to make a blank test by 
treating the same amount of alcoholic potassium 
hydroxide in exactly the same manner as is done 
with the sample. 

Example . — Weighed off 1-532 grams of olive 
oil, and saponified with 25 c.c. of alcohohe potas- 
sium hydroxide solution. Required for titrating 
back 12 0 c.c. semi-normal acid ; further, re- 
quired for the blank test, 22*5 c.c. of the same 
acid. Therefore a quantity of potassium hydro- 

. (22'5-12-0)0-06r)l _ 
xide, corresponding to ' 2 ' " grams 

—'294*5 milligrams KOH was employed for 
saponification. Hence, used for 1 gram of fat 

KOH= 102-2 milligrams KOH. 

The saponification yalue of the sample of olive 
oil is, therefore, 192 ‘2. 

The saponification values of neutral glycerides 
(esters of fatty acids) vary, of course, with 
the nature of the fatty acids ; the lower the 
mqlccular weight of the fatty acids lor, what 
amounts to the same, of the esters), the more 
potirssium hydroxide will be required to neu- 
tralise the ^tty acids of 1 gram of oil or fat, or, 
in other words, the higher will be the saponifica- 
tion valiiCj^ To illustrate this more clearly, the 
saponiftcatidn values of some pure triglycerides 
are subjoined in the table on next page^ 

It will be gathered from the numbf'rs given 
’in the tables at the end»of this article that the 
sapf-nification Values of the majority of natural 
oils and fats lie ii^ the neighbourhood of 103 to 
195. In the case of unknown samples, wide 
deviations frLm this nuqiber in either direction 
will at once enable the analyst to single out 
individual oils or fats, Thus, oils belonging to 
e rape oil group aR-e characterised by a con- 
siderably lower saponifilation value, viz. about 
175: The lower s^ponifioftion values of these 
oils find their explanation in the large proportion 
of erucin they contain. In the case of pastor 
oil, the lower value is due to the presen^B^®^ 
hydroxylated fatty acids. 

On the other hand, large deviations in the 
opposite direction onablcv us to singl out a 



^ILS (FIXED) AND FATS. 

Saponification Values of Triglycerides. 


666 


Triglycerides 

Simple Triglycerides — 
Acetin 
Butyrin 
Valerin 
Caproin 
•Caprylin 
Caprin 
Laurin 
Myristin 
Palmitin 
Stearin 
Olein . 

Linolin 
Hydnocarpiu 
Ohaulmoogriii 
Linoleniii 
Clupan<jdonin 
Kieinolcin 
Araelun 
Erucin 
Ccrutin 
Melissm 

Mixed Triglycerides- 
OleodipaliTiilin 
(Dipalrnito-oleiii) 
Stuarodipalimtm . 

(Dipalmitostearm) 
Oleopalmitostearm 
(Stoaropalmiio-olein) 
Palrnitodistearin . 

(Distearopalmitin) 
Oloodistearm 
Dioleostearin . 


FormuliS 


C3H5(0C2H,0), 

C,H3(0-C,H,())3 

03H3(OC3H,()), 

(JjH3(0-c,n„0)3 
CjHjIO-CjH.jO), 

(^iH5(O*0nTl27D)^ . * 

('^Hjj(0’Ci5ll3i0).i 

113,0)3 

l^-,H5(0-(‘,4l3iO)3 

(!3H,(0-0,8H,„)03 

(!3ll3(0-C,gH3,0)3 

('aH5{0*(\s^«aa<>2)a 

(yi3(0-C,3H,,043 

C3H,(0(’3oH5oO)a 

C3ll6(O-0i6ll31<>).(<>‘^'lBH33O) 

03H,(0-C,eH3xO)3(0-C, 3113,0) 

03H6(0-C,Jl3iO)(0*C,3H330)(0*(Wl360) 

C3H5(0'0,3H3,0)3(0-C„U3,0) 

C3H,{0-0,«1{330){0-C,3H3,0)3 

C3H 5(0-0, 311330)3(0-0, 8H35O) 


Molecular 

weight 


215 
302 
344 
38lj 
470 
r>54 
638 
722 
806 • 
890 
884 
878 
J94 
878 
872 
86(;* 
932 

974 

1052 

1226 

1394 

832 

834 

81)0 

862 

888 

886 


Saponifica- 
tion value 


772-0 
657-3 
• 489-2 
‘ 436-1 
368-1 
303-7 
263-8 
233-1 
268-8 

189- 1 

190- 4 

191- 7 
211-9 
191-7 

193- 0 

194- 3 
180-6 
172-7 
160-0 

, 137-3 
120-7 

202-3 

201-8 

195- 7 

195-2 

189-6 

189-9 


number of oils and fa^s, and hence render their 
recognition* a comparatively easy task. Thus 
the high saponification valinj of the fluid portion 
of dolphin and porpoise oils are indicative of a 
hi»h proportion of lower fatty acids. A pro- 
mfnont example of a fat having a characteristic- 
ally high saponification value is butter fat ; 
hence by* the saponification value alone, l>uttcr I 
fat can be differentiated from margarine. |lighT 
saponification values are also cluy-acterisUc of 
fats consisting preponderantly of dycendes of 
myristic acid, and especially of the members 
of the coconut oil and dika fat groups. 

If mineral oils or other unsapcmlfiaBlc sub-« 
stances^ro intermixed with the fatty substances, 
it is obwious that the indications furnished by 
the saponification valuts alone would, if accepteo 
without any further investigation, be entirely 
misleading, since the unsa^onifiable matter 
depresses the saponification value. Thus, to 
take an example, an oi^ having the «ai)onification 
value 193, if aduHsftrated with 10 p.c. of mineral 
oil would show a saponification value of about 
176, and might, therefor®, be mistaken for^a- 
rape oil if no further telts were applied. 

If colophony (roski) be dissolved in the fatty 
substance, the saponification value will remain 
unaffected, provided rosin of about the same 
saponification value be used. With a rosin of 
a lower saponification value than that of the oil 
or fat, th©#8aponifioation value of the mixture 
would, of course, be somewhat depressed. 


• 2. Iodine Value. • ^ 

The iodine value indicates the percentage of 
iodine chloride absorbed by an oil or fat, ex- 
pressed in terms of iodine. Theoretically, the 
acids iSblonging to the oleic and ricinoleic series 
should absorb two atoms of chlorine or iodine, 
or one molecule of mdochloride. Hence the 
glycerides of these acias should absorb six atoms 
of chlorine or iodine, or three molecules of iodo- 
chloride. Similarly, the acids of the hnolic 
sAies should assimilate four fttoms of halogens^ 
or two molecules of iodochlorido ; whereas tne 
membors of the chaulmoogriu series would 
assimilate only two atoms of halogens or one 
molecule of iodochloride, on account of the 
cyclic arrangement of some carbon atoms; 
the members of the linolenic series six a^ms of 
halogens or three molecules of iodochlonde, 
the members of the clupanodonic series eight 
atoms of halogens or four molecules ^of lodo- 

chloride. ' , , x j 

These rules apply, however, only to doubly- 
linked carbon atotns. Trebly-linked pairs of 
carbon atoms, the occurrence of which in fatty 
acids (and hence in natural oils and fats) has 
not yet been definitely ascertained, do not absof D 
the theoretical amount of halogens. 

^ The determination of the iodine value was 
introduced into fat analysis by von Hiibl and 
is casried.out either in the manner indicated 
originally by Hiibl or in the modification pro- 
posed by Wjjs. The author’s experience leads 
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him to rocoimnend the latter inodilication as 
more convenient and trustworthy. Suieo, how- 
ever, Wijs’ JiK'tliod h|^a not yet been universally 
adopted, both methods will bo described here, 
t, HvhVs method . — From ()-16 to 0-18 gram of a 
drying or a marine animal oil,/)‘2-0*3 graVn of a 
Homi-drying oil,^()*3-04 gram of a non-drying 
Oil, or 0‘8-l*() gram of a solid fat. is weighed 
off accurately, and placer] in a botlJ(> of .^>00- 
800 c.c. capacity provided wdb a well-gronnrl 
atop])er. d’be wei'Jfbing off is best done in a 
small weii>:himi bottle, tlu' cork <»f which is lifted 
with a finely drawn out In It' so that a cmdain 
number of drops of an oil or of a ])ieviously 
melted fat can be easily Vaken« )ut with the :vd < 
of an nuha-nubber tube fixed on the lop, 1’h(; I 
fat IS disHolverlm 10 c.c'. of chloroform, or carbon 
tt'trachlonde, and 25 c.c. of an ‘ iodine solution ’ 
are run in from a pi|)cttc /This iodine .solution 
IS prepared by dissolving 25 grams of pure iorline 
on the one hand, ami 30, grains of mercuric 
chloride on the other hand, in 500 c.c. of 95 p.c^. 
of alcohol. Ihfth solutions are kept separate 
and the quantity reciuired for an (‘stimation 
must have been prepared 24 hours before by 
mixing equal volumes of the two solid lon.s. 
The mixti.re must not be usimI immediately 
after preparation, since the solution ol lodo- 
chloride rapidly changes its titre after j)re]>ara- 
tion. Although even after 24 houis’ slanding, 
the mixture still sloVvly changes its td.ri', it 
remains sufficieutly constant during an estima- 
tion.) The jupette is always cinjitied in the 
same manner : this is best done by allow- 
ing it to drain until two or thri'e dro])s have 
run out. In order to juevent loss of iodine 
by volatilisation, it is advisable to moi.sten the 
stojiper with potassium iodide solution. The 
solvent and the iodine solution should give a 
clear solution on shalung, otherwj.se more 
HiJtvent must be added The linttie is then 
allowed to* stand in a dark jilaee. Should th(‘ 
deep brown colour of the .solution disapjii'ur 
after a shorj time, another 25 c.c. of I he iodine 
solution must be run in, an excess ol, iodine 
being essential for the reaction to hooonie 
complete. Tlio solution, after two hours, must 
still exhibit a deep broviln colour. IVlost of the 
iodine is absorbed during the first two hours. 
The reaction then slows down ; it cannot be 
considered compl^de in less than six to eig^t 
^h^mrs in the case of solid fats and non-drying 
Oils, and twelve to (ughteen hours ni tln^ ease of 
drying ofts and fish oils. {Semi-dr;yifig oils 
require 8 trt 10 hours. After standing for the 
requisite numi^er of hours, from 15 to 20 c.c. of 
a 10 p.c. jiotassium iodide solution are run in. 
the liquid^js well shaken and then diluted with 
400 c.c. of water. The appearance of a red 
precipitate of mercuric iodide at this stage would 
indicate fhat an insufficient amopit of potassium 
iodide had been employed^ therefore more 
must be added. The excess of free iodine, pari 
of vihich will be in the aqueous solution, whereas 
the remainder is dissolved in' the solvent, is 
titrated .with a standardised thiosulphate solu- 
tion by running the latter into the bottle until, 
after repeated agitation, both the aqueous a»^d 
the chloroform (carbon tetrachloride) layers are 
but faintly coloured. A ipw drops of a search 
solution are next added and the titratkin is then 
brought to an end. Immediately before or alter 


this titration, 25 c.c. of the original iodine solu- 
tion are standardised in ^exactly the same 
manner. The difference between the two 
results corresponds to absorbed halogen, and is 
caleiilaled ip terms of iodine to units per cent, of 
the sample. The number thus found is termed 
the iodine value. 

Exaniple.-~\\viu}\('i\ off 0x1394 gram of lard, 
dissolved in 10 e e. ol earijon tetrarhioride, 
added 25 (!.e. of lodiiA* solution, which reipiired 
in a blank expennu'iit fin-9 c.c. of thmsiilphate 
solution, Jfi*45 c.c. of vvbieh wu’C equivalent to 
0-2 gram of iodine. For titrating back thft 
I excess of italine in the estimation, tlieie were 
rei] Hired 39 *1) e.e. of thio.sulpbate solution 
lienee, the , absorbed iodine corresponds to 
fi0-9-39*fi 21-3 c*c. of thiosul])liate solution. 

Since Ifi 45 c.c. of thio.sulpbate solution are 
equivalent to O'li gram of iodine, 21 '3 e.c. 
coiresjioiid I® 0-2589 gram of iodine. 

Hence 0-3394 gram of hud absoiKs 0-2589 gram 
X- x.wx 1 1 0 2589 >100 

of iodine, or 100 grams absorb o 3;]94 

— 7fi’28 grams of iodine. Th^oclmc value of 
/be lard is, therefore, 7fi'28. 

(With regard to the theory of the complicated 
chemical reaction.s occurring in Hubl’s solu- 
tion, V. Lewkowitsch, (’hem. Teehn.) 

Wijs’ method. — '[’he solution required for 
Wijs’ method is prejiared by dissolving separately 
7-9 grams (the. theoretical figure is 7 '9017) of 
iodine trichloride and 8’7 grams (the theoretical 
ligiire 18 8*fifi70) of iodine in glacial acetic acid 
on the watei-bath, taking care that the solu- 
tions do not absorb moisture. TJie two solutions 
are then poured into a 1000 e.c. flask, and the 
flask IS filled ii]) to the mark with glacial acetic 
a(-id. 

A elieajior way of pre]iaiing the solution is 
to dissolve 13 grams of loi^ine in a litre of glacial 
acetic acid, ilien to dctorraiiie acQuratoly its 
content of iodine, and to pass washed and dried 
chlorine gas throi/gh the solution until the 
titre of th(‘ original iodine solntiim is doubled. 
A little experience will readily show when this 
point IS reached, as a very distinct change of 
I colour takes ])lace when all the iodine Jias been 
r^aulrverted into ^dine nionocbloride. 

The glacial acetic acid must be pure, and 
should be t<<^^ted by beating with potassium 
dichromate^'and concf'nt rated sulphuric acid ; 
even aftci' prolonged standing a green tinge 
.should CK)t«ue noticeable. 

The iodine value is determined in exactly 
the same manner as described above j¥or the 
klubl solution. It is, {lowever, preferable to 
use carbon tetrachloride, since chloroform fre- 
quently contain.s alcohol. Wijs’ iodine solution 
can be used immediately after preparation and 
possesses thq groat advantage over Hubl’s 
solution in that it keeps fts sVength unchanged 
for a congiilerable length of time. Hence, in 
oMinary work, a^^bla^it teat is not required in 
each ease, and the determination of the iodine 
value can be carried out ^Imost as rapidly as 
the determination &f the saponification vajue. 
Wijs’ solution has the further advantage that 
in the ease ol fats and non-drying oils the 
absorption of iodochlqride is complete after 
half an hour, in the case of semi-clrjing oils 
after nbout 1 hour, and in the cas^ of drying 
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oils aud mariue animal oils in from 12 to 6 hours, 
according to the unsaturation of the glycerides. 

The iodine value is one of the most important 
characteristics in the analysis of oils and fats, 
as this number permits us to classify the oils and 
fats in a practically natural system. This will 
be gathered from an inspection of the tables 
given at the end of this article. 

If a given santfile of oil or fat contains the 
glycerides of one unsal«rated fatty acid of 
known composition in admixture with glycerides 
of saturated fat^v acids, it is poasible'to calcidate 
I’he absolute amount of the glyceride of that 
unsaturated fatty acid. In cases of this kind, 
the following table will be found useful. ]t< 
will also guide the analyst as to the direction 
which further research shouljl tetie in the case 
of samples ol unknown composition, Avhen, ot 
course, the proportion of glycerides ol iiii- 
saturated tatty acids cannot be cahjulated from 
the iodine value alone. « 


Iodine Vadues of Unsaturated Patta Acids 

AND OF THEIR TrIGLYCKRj DES (LowkoAVlt.ScIl). 


Iodine value ot 


Acid 

Eoiiiiula 






Fatty 

acid 

I’riglvcu- 

ude 



E54 

00 

225-44 

TIglio . \ 


128 

28 

120 57 

I 

fiiHooOo 

JJ2 

3t) 

106-42 

Ilypngaoic . / 

Phyactolcic . \ 


lUU 

00 

05’25 

Hydnocarpic 


UK) 

71) 

9r» 07 

Olole . . ( 

Ilapic . . i 


1)0 

07 

80 20 

Erucic 

(-'aonioU., 

75 

15 

72 43 

Liuolic. . ) 

Tariric . . S 


18] 

42 

173 58 

(Uiaulnioogric 

i ^isV32^2 

00 

71 

80 70 

Linoleiilc . ( 

isobliiolcnic ^ s 


274 

10 

202 15 

Clupaiiodoiilc 


308 

11 

351-00 

KJcinoleic . 


1 85- 

23 

81 70 

Mixed Triglyceri- 
des—- 

Myristopiiliui- 





to-olelii . 

— 

— 


31 .59 

Oloodiiialiiiitin . 

— 

— 


30-53 

Oleopiikiiito- 





steariii 

1 — 

1 


20 1» ’ 

Oleodistcariii 

! — 

i — 


28*00 

Eioleostearin 

; 


58»00 


3. Rdchert (Jtcidi>’r(-31eAsd, Jicichorl-WoUny) 
Value. * ’ 

The* Reichert (or Reichert-Meissl) value 
indicates the numbeu^of cubic oentimetrts oi 
decinormal potash or soda solution requisite for 
the neutralisation of that portion of the sollible 
volatile fatty acids which is obtained from 2*6 
(or 5) grams of an oil or fat by the^Reichert dis- 
tillation process, * 

Reichert, who originated this method, used 
3 '5 grams of fat. Moissl.^^s ftlao Wollny, 'pro- 
posed 6 grams, which is#»ow generally employed. 
It must, however, Jbe pointed out that the 
Reiohert-Wollny value is not twice the Reichert 
value, but usually ‘I'2 times the Reichert value. 
Since Wollny’s process has been 'adopted by a 
Joint Committee of the Government Laboratory 
and the Society of Fublic Analysts as the 
standard irfethod'for the determination tof the 


soluble volatile fatty acids in margarine and 
butter the Roielicrt-Wdlny process alone will 
be described. ^ 

Ifi’ichert-Wollny proceas. — Five grams of 
liquefied fat are inlioduced into a 300 c.e. flank 
of tilt' form slu^Aii in Pig. 3 (length of neck 
7-8 cms., width of neck 2 cins,). Two c.e. of a 
sodium hydroxide solution, prejiared by cpssolv- 
ing 98 p.c? sodium hydroxide in an equal a\ eight 
of vfatcr — protected from tlu' action of atmo- 
spheric carbon acid — and Rl c.e. of (about 
99 j).c.) alcohol are added, and the mixture is 
heated for 16 minintes under a reflux condenser, 
connected AAutli the flask by a T-piece, in a 
hath eon taimn^ boiling Avater. The alcohol is 
evajiorated ofl by heating the* flask on the 
water-batli for about half an hour, or until the 
soap is dry. One Iinndred c.e. of hot water, 
Avhicb has been K^pt lioiling for at least 10 
minutes (to drive out all •clisHoU^ed carbonic 
acid, the I'ctention ,of which Av'ould vitiate the 
result ), ai'e added, and llie flask is luiated until 
the soap is dissolved. Forty’ c.e. of normal 



Pig. 3. 


sulphuric acid and tliree or four fragments of 
pumice or broken pipc-stcuis arc added, and 
the flask is at once c(^*inecte(l with a condenser 
by means of a glass tube, 7 mm. wide, and 15 
cms. from the top of the cork to the bend. At 
distance of 5 cms. above Die cork is a bulb 
5 cms. in diameter. The flask is supported on,a, 
circular piece of asbestos, 12 cms. in diameter, 
having a hole in the centre 5 cms. iii* diameter, 
and is first heated by a very small flame, to melt 
the insoluble fatty acids, hut the heat must 
not be so great as to cause the liquid to boil ; 
when fusion is complete the heat i^mcreased, 
110 c.e. are distilled ofl into a graduated flask, 
the distillation lasting about 30 minuteEi, (from 
28 to 32 minutes) ; the distillate is* shaken, 
JOO c.e. are filtered off, transferred to a beaker, 
0-6 c.e. of pheiu)l])hthalein solution (1 gram in 
100 c.c. alcohol) is added, and the filtratjp is 
titrated with decinormal soda or baryta solu- 
tion. In precisely the same manner (with the 
sanio reagents), a blank test should be made, 
aivl the amount of decinormal alkali required 
to neutralise the distillate ascertained. This 
should not exceed 4>-3 c.c. The .volume of 
docinorniflfi solution of alkali used, less the figure 
obtained in the blank experiment, is multiplied 
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by I'l. The number so found is the Bcichert- 
Wollny value. ^ * 

The Keichert-Mewsl value (sec tables at the 
end of this article) is pr^icticaily identical with 
the Keichert-Wollny value. The Reichert- 
Meissl value of the majority o^oils and faCs, that 
is of those the si^onification value of which is less 
than , ^00, is below 0-5. All oils and fata the 
saponihcf^ion value of which exceeds 20(> arc 
characterised by Keichert-Woollny values ex- 
ceeding I'O. The Rcichert-Meiasl value furnishes 
important indications regarding the nature of an 
oil or fat ; thus butter fat te most prominently 
characterised by its hig^ Reichcrt-Meissl value 
of ab(||it 27 to 29 ; the fats «belonging to t!ief 
coconut oil group by Reichert- Wollny values 
of 6 to 8, and doliihin and porpoise oils by 
Jteichert-Meissl values varying from 47 to 120 
(see tables at the end of th's article). 

Lcft’mann and Seam proposed the method of 
saponification with a concentrated solution of 
sodium hydroxide in glycerol. 'J’his process is 
convenient owihg to its rapidity, and has there- 
fore been introduced by I’olenske in the exami- 
nation of butter fats, suspected of being adul- 
terated with coconut oil. The method is carried 
out as follows : 6 grams of butter fat arc placed 
in a, 300 c.e. fiasK and heated with 20 c.c. of a 
solution of sodium hydroxide in glycerol (jue- 
])ared by dissolving 100 grams ot sodium hy- 
droxide in an ccpial v'^cight of water and mixing 
20 c.c. of tins solution with 180 c.c. of pure 
concentrated glycerol) over a naked flame for 
2-3 minutes, until the water has evaporated off 
and the liquid has become clear. The values 
obtained by Leffmann and Beam’s method are 
practically identical with those furnished by the 
Reichert- Wollny process, as the author can 
testify from his own ex|)orienco. 

It must be distinctly understood that by i 
tSe Reichert method only a jflirtion of the I 
volatile faitty acids is recovered in the distilla- 1 
tion process. The volatile fatty acids passing 
over consist, in the case of butter fat, in the 
main of butyric acid with which caproic, q;prylie, 
and capric acids are admixed. In the case of 
coconut and palm -nut oils, butyric acid is 
absent, caproic and carpy.ic acids preponderating j 
in the distillate. By filtering the distillate, ^ 
caproic, caprylic, and capric acids are removed 
to the largest extent and arc thus not acconnt''d 
for in the Rcichert-Wollny value. 

Both ^iintz and Coudon in France and 
Polenske in Germany extended the Reichert 
process by introducing a method for the approxi- 
mate determiiiation of the insoluble volatile 
fatty acids which pass over in the Reichert 
distillatioii process. Thus, after the Roichert- 
Meiasl value has been determined, subsequently 
a second important value, affording a measure 
of the insoluble volatile acids, mqy be ascertained. 

In the determination of this new value, the 
greatest attention must be paid to minute 
details and espeoially to the form of apparatus, 
employed. Whereas Miintz and Coudon’s ap- 
aratusvs confined to France, Polensko’s method 
us found application in this country, especially 
for the reason that this method closely follovced 
the Reichert-- Wollny process, and is in fact 
carried out in oonjunctkn with it and ip one 
and the same apparatus. As this method a%rds 
one of the best means of detecting coconut and 


palm-kernel oils in butter fat and in margarine, 
it is now in general use. , 

Polenske saponifies 6 grams of filtered 
(butter) fat, by the Leffmann-Bcam process, 
with 20 grams of glycerol and 2 c.c. of sodium 
hydroxide solution (prepared from equal parts of 
sodium hydoxide and water) in a 300 c.c. flask 
by heating over a free flame. The solution is 
allowed to cool below 100°, 90 c.c. of water are 
added, and the mass? dissolved by warming on 
the water-bath to about 50°. The solution 
mu.st be clear and almost colourless. Should a 
brown solution bo obtained, the test must hp 
rejected. Fifty c.c. of dilute sulphuric acid 
(containing 25 c.c. of pure concentrated sul- 
I jihurie acid ;n 10(X) c.c.) and some pondered 
I jmmicc arc adc^ed.to the hot soap solution ; the 
flask IS then immediately attached to the con- 
denser. Th(^ ajiparatus to be emph>yed must 
correspond all details with the dimensions 
giver 111 Fig. 4. The heat must be so regulated 
that within 19 to 20 minutes 1 10 c.c. arc distilled 
oil ; the cooling water 
mu.st be supjdicd at 
such a rate that the 
'^distillate does not 
drop into the 1 10 c.c. 
llask at a higher 
temperature than 20° 
to 23°. As soon as 
110 c.c. have distilled 
over, tho distillation 
IS inti.rruxitcd, the 
flask IS removed, and 
18 replaced by a 20 
c.c. measuring cylin- 
der. 

The distillate, 
which must not be 
shaken up, is im- 
mersed almost com- 
pletely in water at 
15°. After ahout^ 5 
minutes the neck ‘of 
the llask is slightly 
tapjicd, so that the 
oily drops floating on the surface may adlicrc to 
the walls of the flask. After a further 1 0 minutes, 
thh consistence of tho insoluble acids is noted, 
with a view to ascertaining whether they form 
a solid (senii-solid) mass or oily drops. The 
contents of*\-he flask die then mixed by turning 
tho corked flask four or five times upside down, 
avoidifc'g, %riwever, violent shaking. 100 c.c. 
are filtered off through a filter of 8 cms. (Bameter, 
and titrated with decinormal caustic potash, as 
c8 done in the determination of the Reichert- 
McmbI value. * In order to remove the soluble 
acids completely, the insoluble volatile acids on 
the filter are washed three times in succession 
with 16 c.c. of water, which have been passed 
severally through the tube ot-^-he condenser, the 
20 c.c. measuring cylinder, and the 110 c.c. 
flfisk. These wafti-waters are thrown away. In 
order to collect the insoluble volatile acids 
adhering to tho ^ube of the condenser, the 
measuring cylinder, and the 110 o.o. flask, 
these vessels £|.re rinsed three times in succession 
with 15 c.c. of neutralised 90 p.c. alcohol, and’ 
j the alcoholic washes poured through the filter, 
each quantity being allowed to drain before a 
I fresh tt^ash is poured on the filter, llie alcoholic 
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filtrate is then titrated with decinormal alkali. Lease the ‘ filtration proce|8 ’ be used, the alcoholic 
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The figure thus obtained has been termed ‘ new 
butter value ’ or ‘ Polenske value,’ but the 
author prefers the term titration number of 
insoluble volatile acids, a term which* has been 
adopted in Franco and Belgium. The titration 
value of the insoluble volatile acids lies in the 
case of butter fats |s a rule between 2 and 4, in 
the case of coconut oil between 1 5 and 20, and 
in the case of palm-kemef oil between 10 and 
12. *(ror a full discussion of this ‘.value,’ see 
Lewkowitsch’s Qbem. Teclin., and for its rela- 
tionship to other tesits, see Maroauine.) 

Acetyl Value. 

The acetyl value indicates tjif number of 
milligrams of potassium.,liyrlrbxidc (KOII) re- 
quired for the neutralisation ol the acetic acid 
obtained on saponifying one gram an acetyl- 
ated oil or fat. 

The determination of the acetyl value of oils 
and fats is based on the primujile that glycerides 
containing hydroxylated fatty aeids assinnlatt', 
on being heatpd with aeetie anhydride, one oi- 
more acetyl gr^’l^is, according to whether the 
fatty acids contain one or more 
hydroxyl groups. The chemical change con- 
sists in the replacing of the hydrogen atom of 
the alcoholic hydroxyl group or groups by the 
radicle of acetic acid, as explained by the follow- 
ing equations : — 

C3H6[0-(\8H,,/)(OH)]3+3((!,H/)).0 
Ricluolein. Acetic anhydride. 

= 1:3H5!()-C,,H3.,0{0’C,U3())L+3'C’,H,02 
Acetyl ricinolein. Acetic acid. 

c,H,io<;„ir„i)(OH).j,+(i(c,ir,o),o 
Satlvio. Acetic anhydride. 

=C,H.LO-C„H,.()-(0-C,H,()).],+(iH,0 
Tetra-ncetyl sativln. 

The determination T)f the acetyl value (first 
, proposed by Benedikt) is earned out in the 
form given to it by Lewliowitsch : 10 grams, or 
any other convenient quantity, are boiled with 
twice the amount of acetic anhydride for 2 hours 
in a round- bottomed flask attached to an in- 
verted condenser. The solution is then trans- 
ferred to%a beaker of about 1 litre capacity, 
mixed with 500 to 600 c.c. of boiling water and 
heated for half an hour, while a slow current of 
carbon dioxide is passed into the liif^id through 
a finely drawn-out tube Caching n^rly to the 
bottom of the beaker ; this is done to prevent 
bumping. The mixture is then t^o#^d to 
separat^into two layers, the water is siphoned 
0 ^ and the oily layer again boiled out m the 
same manner throe suoiessive times. The^last'j 
trace of acetic acid is thus removed ; thi| is f 
ascertained by testing with litmus paper. 
Prolonged washing beyond tfte required limit 
causes slight dissociation of the acatyl product. 
This would lead to^oo low an acetyl value. The 
acetylated product is then filtered through a dry 
filter-paper, and dried in «,n tiven to remove 
water. • , , , 

About 5 grams of ^he ace Jylated product are 
then saponi&d by l^oiling with alcoholic potas- 
sium hydroxide solution, as is dope in the de- 
termination of the saponification value. If the 
‘ distillation process ’ be adopted, it is not 
necessary ta work with an accurately measured 
quantity of standardised alcoholic alkaff. In 


potassium hydroxide solution must be measured 
exactly. (It is advisable t# use in either case a 
known volume of standard alkali, as one is then 
enable^ to determine the saponification valu^ 
of the acetylated <)il or fat.) Next the alcohol 
is evaporated off and the 8oa}> dissolved in water. 
From this |;tage onwards, the determination is 
carried out either by (a) the distillatio*! process, 
or {b) the filtration process. 

(а) Distillation process . — Add dilute sul- 
phuric acid (1 : 10), more than is required to 
saturate the alkali ^used, and distil the liquid 
111 a current of steam ^ 000-700' c.c. of water 
^ir^ distilled off. •As a rule, this yill he* quite 
sufficient, and the last 100 c.c. will be found to 
require no more than OT c.c. of decinormal 
alkali. Then titrate the distillate with deci- 
norraai potassium hydroxide solution, using 
phenolphtlialem as an indicator, multiply the 
number of c.c. by 5-Ot. and divide by the weight 
of substance taken. This gives tjie acetyl value. 

(б) Filtration proc’e.s’.?. — Add to the soap 
solution a quantity of standardised sulphuric 
acid, exactly coiresponding to the amount of 

^alcoholic alkali emjiloycd, and warm gently, 
whereupon the fatty acids will readily collect 
on the to]) as an oily layer. (If the saponifica- 
tion value has been determined, it is, ot course, 
ncocHsary to take into ac^iount the volume of 
acid u.sed for titrating back the excess of potas- 
sium hydroxide.) Filter off the liberated acids, 
wash with boiling water until the washings are 
no longer acid, and titrate the filtrate with 
decinormal alkali. The acetyl value is calcu- 
lated in the manner showm above (a). 

J^oth methods give identical results ; the 
latter requires less time and will, therefore, be 
found more convenient. The distilled water 
used in determining this value by either tl^o 
distillation or^filtration process must be care- 
fully freed from carbonic acid by* previous 
boiling, as otherwise serious errors ensue. 

Pure triglycerides containing no hydroxylated 
acids h»vc no acetyl value ; pure glycerides of 
hydroxylated fatty acids yield acetyl numbers 
which are in complete agreement with theory. In 
those cases, the acetyl ■ralue is a ‘ characteristic.’ 
l*In the case of triglycerides containing, in 
addition to hydroxylated fatty acids, soluble 
aeWs as well, the acetyl valife determined as 
described above would, of course, include 
, soluble acids. The ‘ apparent ’ acetal value 
|•obtainoa in such a case must, therefore, be 
diminished by the amount of alkali required 
for the saturation of the solifble fatty acids in 
order to obtain the true acetyl value. The 
amount of alkali required for the saturation of 
the soluble volatile acids must be ascertained 
by a blank test. Since acetyl values ajre also 
furnished by mono -glycerides and diglj’cerides 
(occurring in oils cftid fats having notable acid 
values), by free alcohols (such as phytosterol), 
(ftnd oxidised acids, and since all these substaiihes 
oqpur in varying amounts in natural oils and 
fats, especially in those which have b^en ex- 
posed to the atmosphere and have beconft 
railbid, the acetyl value must, in these cases, be 
considered a ‘ variable.’ 

. H 9 lland (J. Ind. Eng. Chem, 1014, 6, 482) 
suggests tfiat, to make the value comparable 
with other ^liies in fat analyses, the acetyl 
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value should indicate number of milligrams 
of potassium hydroxide required to saponify the 
aoetyl taken up by Dgram of fat on acetylation. 
He describes a simple method of determining 
Che value , 

a B. Variables. 

' 1. ylrid Vnhid, ^ 

The acid value indi(;ates the number of 
milligrams of potassium hydroxide required to 
saturate the free fatty aeirls in one gram of an 
oil or fat ; or, in other words^it gives the amount 
of potassium hydroxide, ex])rossed in tenths jier 
cent., qecessarv to neutriflise the free fatty aekls^ 
in an oil or^ fat. This value is therefore a 
measure of the free fatty acids in an od or fat. 

For the determination of the acid value of 
an oil or fat, about 5 gri^uns of a sample (if 
available) are mixed with neutral or neutralised 
alcohol (])urilied m(dhyla.ttu.l s]>irit) and titrated 
with aqueous or alcoholic ])otassium hyilroxulc 
or sodium hydroxide solution, jiheuolphthalein 
being used as an indu-ator. 

Example. — W(‘ighcd off ,‘1*254 grams of 
tallow. Required for neutralising tin* free fatty < 
acids 3*5 oic. of decinormal |)otassium hydroxide 
(or^soda) or 3*5x5-bl milligrams KOH. The 
amount ot KOH retpiirod for 1 gram of tallow, 
i.c, its acid value, is th(U'cfoie 


The acid value is friiquenily expressed in 
per cent, of oleic aiiid. Since the moleeulai 
weight of oleic acid, 282, is approximaiidy live 
times ,5()*1 (the molecular weight of KOlf), and 
the acid value expresses the amount of KOH in 
tenths per cent., a rapid and in most eases 
sufficiently accurate method of converting the 
a»id value into ])er cent, of olnie acid is to 
multiply 4he former by 0*5. Jn the ease of 
coconut oil and palm-kernel oil fatty acids 
this [inK’cdpre would not be applicable, as their 
mean molecular weight lies, as a rule, lietweeii 
210 - 220 . 

'2. Glycerol. 

If natural oils and ^ats ri'presi'iited neutral 
triglycerides, it would be jiossible to ealeiilate 
the amount of glycerol obtainable on saponifii^a- 
tion from the following equation : 

<-^'3Hn(OR)„+3K()H-(^,H8()3-l-3KOR. 

In the fasc of pure triglycerides, the propor- 
tion of glycerol obtainable being a ‘ character- 
istic ’ (see (TiiyOKfiiN), the quantity of glycerol 
yielded by an oil or fat can be calculated from 
the sapofiifieation value. In the case of natural 
oils and fats, a calculation of this kind will lead 
to erroneous results, not only on account of the 
(small)*quantity of ‘ unsaporiili.ible matter ’ that 
is always present, but chiefly on account of the 
free fatty acids and mono- and di-glycerides 
wKieh occur in natural oils and fats in variable 
quantities. Therefore, in the . case of natural 
oils an& fats, the percentage number of glycerol 
fhust be looked upon as a ‘ variablei’ 

This ‘ variable ’ stands in that general relation 
to the acid value that the higher the acid 
value, the smaller the yi^id of glycerol. • 

In order to determine the proportiim of 
glycerol which an oil or fat yields pn saponifica- 


tion, it is best to apply the ‘ acetin process ’ (see 
Glycerin) after a ‘ crude -glycerin ’ has been 
prepared in the following manner : — 

Twenty grams of the oil or fat are saponified 
(as described under SaponifirMtion value) with' 
alcoholic potassium hydroxide solution, and the 
alcohol is driven off on a water-bath. The re- 
sulting soap is decomposed jvith sulphuric acid 
and the liberated fatty acids are filtered off. 
The filtrate is neutralised with an excess of 
barium bicarbonate and boiled down oiutho 
water-bath until most of the* water has been 
driven off. 'Phe residue ii? exhausted with % 
mixture of other and alcohol, the ether-alcohol 
driven off, for the most jiart, by gently heating 
on the wateiicbath, and the residue then left is 
dried in a dei?ie€ator and weighed. It is not 
neiicssary to dry until constant weight is 
obtained, as the actual glycerol present is 
determinedSn the crude proeluct by the acetin 
intdKod. 

3. Ihlermi nniiou of the Unsapouifmhle Matter. 

'J’lie author comprises nfTd'er the term 
‘‘unsaponifiahlc mattm* ’ all those substances 
that arc insoluble in water, or do not combino 
with alkali hydroxide to form soluble soajjs. 
Most oils and fats contain, in their natural state, 
small (juantities ot iinsaponifialile matter which 
consists to a gri'at extent either of phytosterol 
in the ease of vegidahle oils and fats, or of 
(iholestcrol in the case of animal oils and fats. 
Otlu'r alcohols and hydrocarbons rejiresent the 
smallm* jiart of the ‘ unsapornliable matter.’ 

Preparatory to the di'termination of the un- 
sa[)onifial)le matter, the oil or fat must be 
sa|)onified as described abovi* under Saponifica- 
tion value. In many cases it will, therefore, 
be found eonvonient to combine the determina- 
tion of the saponification value with that of the 
unsaponifiable matter. But the amount of oil or 
fat taken should not be less than 5 grams. 1’he 
unsaponifiable matteris determined as follows : — 

•Saponify 5 grams of tlui sample with 26 c.e. 
of double normal alcoliolio potassium hydroxide 
solution in a flask under a reflux condenser and 
eyajKirate off the bulk of the alcohol. 4’he 
residual soap is dissolved in 50 c.e. of hot water, 
and transferred to a separating funnel of about 
200 e.e. capacity, using about 20-30 e.c. of watel* 
for rinsing the dish. After cooling, add 30-60 c. c. 
of ether ^nd shake the solution thoroughly 
Additron oi a little alcohol will accelerate the 
separation. The soap solution is thei? run off 
into another separating funnel and ds again 
^exlAusted with fresh tther. As a rule, two 
extractions will suffice ; it is, however, safer to 
extract a third time. The ethereal solutions are 
united, washed with a small quantity of water 
to free theCn from any dissolved soap, and 
transferred to a tared fliCl^k. The ether is 
distilled off on the water-bath, and the residue 
'’ried at 100° artd wt'ighed. 

In the case of mBst oils and fats ether 
should be preferred to petroleum spirit (which 
is largely used on the Continent). In order 
to counteract the property of petroleum spirit 
to dissolve alkaline soaps, the petroleum layer 
holding the unsaponifiable matter in solution 
should be washbd with 00 p.c. alcohol instead 
of wrih water. 
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The above method must not be used in the | light, moisture of the atmosphere, thickness of 
ease of oils and fa^s which have admixed with j layer exposed, ago of tliegoil, iSrc. 
them vegetable or animal waxes, as the alkali i Since the drying of aii oil requhes a pro- 
salts of the fatty acids are not readily soluble , tracte'd length of time, attem})(s were made to 
in water or even in dilute alooliq). In such , accelerate the process of drying by mixing witli 
cases, it is best to neutralise the soap solution | the oils finely rUVided lead (Livnche) or finely 
with acetic acid, with plienolphthalein as an ' divided copper (Huobl ; Lippert). Livache’s 
indicator, and to precipit ate with barium ehloriile lead powder is prepared by precipitating ft lend 
or lead aciitate. The residue is then washed, , salt with zinc, washing the preeipilwte rapidly 
dried, mixed with sand •and extracted in a ] in succession with water, alcohol, and ether, and 


Sox^ilet apparatus wit h petroleum spirit boiling . 
below 80'^. If^it bo tfosirable to ascertain ! 
whether cholesterol^ or phytosterol or botli, or | 
animal or vegetable waxes or mineral oils, A’c., ^ 
be jiresent, the unsaponiJiable matter should he ^ 
prepared in suflicicnt quantity. to ailniit of 
further examination (wc belo^ ^nvrnwfioit of ' 
tlir Ihifia'pomfinhJe Mnttp.r) ' 

(b) Qualilftfivc MrthoiUT 

A large number of qualitative nieflmds 
which were formerly in vogue, such as tin' 
elaidin t('st, the sulphur chlori(h‘ test, the thermal 
reactions wit^j snl|thuMc acid (Mannnmc test), , 
bromine or suipl^ir chlorichs have been jiraidi-*, 
cally Hiijierseded by tlu' detmaniiiation of the _ 
iodine value. Inasmuch as the latter yudds j 
the same information in a more rrdiahle and less [ 
ambiguous fashion than tlu' tests (mniiK'ral'ed, i 
tliey need not be described here. (For a j 
descrijition of these methods, .s’cc Lewkowitscli, j 
vol. 1 .) More inpiortant are the qualitative 
methods described below, inastmicli as they fre- 
quently fnrmsli imjiorinnt data, for the recogni- 
tion of some oils and cs])ecia.lly as tb(*y are 
usable for the valuation Micn'ot. In case's u lu n' 
tlm quantitative metliods do not supply full 
information th<‘ qualitative methods may be 
ap[ilied with advantage. The following (pialit a- 
ti ve methods arc d(\scwbed Ikmc: — 

(1) Oxygen absorption tost. 

(2) Bromide tests. 

(.*}) (^ilour tests, » 

(1) Oxygen Absorption Test. 

The absorption of oxygen from the atino- 
s])herc h«.s a very imjiortant bearing on the 
liability of oils to cause spontaneous combustion^ 
when siiread in a lincly dividcd^itatc on filij’ons 
organic substances (a'cc Wool oil^^ it is also 
of very groat im])ortanff* in the industries of 
paint oils, boiled oils, and varnishes. 

It has been pointed out alreaft^ tJfat thc^ 
iodine absorption of oils and fats stands in close 
relationship to the absorption of oxygen, and 
that the latter propcrtjj, being a measure 111 th«f 
drying power of oils, was fornferly used^^for 
purposes of classification. It has also been 
explained that the classifica^on based on the 
iodine value includes^ the subdivision of oils 
into drying, semi-^ying, and non-drying oils. 

If a convenient method were known for the 
accurate determination of ithe*oxygcn whicTi ^ 
absorbed during the dr;fing process, it would be 
possible to class the ^ptermii^ation of the drying 
power, or, as it mig)it bo termed, the ‘ oxygen 
value,’ among the quantitative togts. 

Determinations by earlier observers were | 
made in a vety unsystematic fashion, in- j 
sufficient rqgard having been paid to such im- j 
portant factors as temperature, infiueAer of ' 


finally drying m vdcud. Th(* test is carried 
out as follows : Bpread about 1 gram of lead (or 
copper) powder, \feighed off accurately on a 
someAvliaf. large n atcli-^^lass, in a thin layer, and 
laJiow to fall on to it from a jiipejte 0-(iito 0‘7 
grams (not more) of tlie oil to be tested, placing 
each drop scjiarati'ly on the lead (or copper) 
powder, (aking eare that the drops do not run 
into one another, ^’licri allow the watch-glass 
to stand at the ordinary tc'rnperatnrc exposed 
to light. • ^ 

In this process, iiiisced (^I reaches the 
maximum ahsorption within a few days, whereas 
under ordinaiy conditions tlio same result is 
only arnveil a( after a much longer time has 
(‘hijised, Livaclie .states (hat drying oils absorb 
( Ih* maximum quantity of o.\ygeu after 18 liours, 
or, 111 some easc.s, after thiee days, whereas tioii- 
drying oils do not gain in weight before the lapse 
of foui or five (lays. Weg^'i' eondemns Livaclie’s 
ptocess, and recommends that larger quantities 
ol h'ad should bo used, so that for 0*2 grams 
of oil tliere should be taken at least 2 grams of 
l(>ad powder. Dili even in that ease the resiillH 
w(*re not lonnd to l»e satisfactory. 

Jjippei’l., as also Wegcr, undertook a syste- 
matic study <d the drying jiowei of oils, by 
exposing tliein in vi'ry thin layers on glass 
plates to the aetion ol the atmosphere. It w’as 
found that glass could not bo replaced by ajjy 
other mat eriift lighter in weight ; thus eeliuloid, 
gelatin, and even ebonite were foiibd useless. 
Sheets of mica, although useful for the w’ork, are 
too easily damaged, and even slifets of thin 
mcta.ls#have the drawback of being too easily 
creased. Nocossary precautions in this test 
art! : that the glass be jieffeetly clean, free 
from dust, and Ihat^the oil be sjiread with 
till' greatest possible care in an evenly thin 
layer. If the layer is of uneven thickness, in- 
(;«*ase of weight might occur a*t one place, whilst 
simultaneously in a thinner layer loss of w eiglft' 
might ^take place. A series of exijDeriments 
showed that the thinner the layer of oil exposed, 
the more rapidly is oxygen absairbed at the 
oouimencement of the expA-iment, but after 
24 hours an equilibrium seems to be established. 
The thicker the layer the smaller is th% increase, 
but if the layer is too thin, unreliable results 
will be obtained. The best conditions seem to 
be reached by spreading the oil so th^t about 
0*0005 gram is us5d per square cm. of a glass 
plate {see also Linseed oil). 

► The process is an extremely tedious one, &tid 
depends on the accuracy with which decimilli- 
grams can be ascertained. Besides, tbe*method 
does not yield absolute values, and can only Be 
usBd as a guide in comparative tests. It must, 
however, depend on the given circumstances 
whether this process Hiould be applied. For if 
it il#nerely a question of discriminating between 
drying, semi^drying, and non-drying oils, the 
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iodine value will not only be the most con- j 
venient sorting test, bull will, at the same time, 
furnish quantitative ^results. It should be 
noted, however, that the iodine value mifst not 
fee accepted as tantamount to defining the 
drying power. To take a striding example, fish 
and liver oils jhsorb approximately as much 
iodiny as do the best drying oils, and yet they 
are greatly inferior to the latter •as regards 
oxygen a*b8orption power. Furthermore, fi.sh 
and liver oils differ most materially from the 
‘ drying oils,’ in that they do not form a .skin a.s 
does linseed oil f.?ec also LiNiiEEi) on,). 

Fish and liver nils are best differentiated 
from the drying oils by^the ijisoluble liromylcj 
tost. • 

(2) Bromide Test. 

Hehner and Mitchell •devised a test con- 
veniently applied in the following manner, 
which embodie.s some modTlieations worked out 
in the author’s h^boratory : Dissolvi* 1 to 2 grams 
of oil in 40 c.c. of ether, to which a few c.c. of 
glacial acetic acid have been added, cool the 
solution in a corked flask to 5^, and add bromine 
drop by drop until the brown coloration 
remains permanent. Tf the tem])era.turo w'ore 
allo^/ed to rise too high, evolution of hydrogen 
bromide would become noticeable ; in that case, 
the experiment must, ho repeated. After stand- 
ing for 8 hours at a temperature of 5”, the liquid 
is passed through a filter, and the precqiitatc, 
consisting probably of the bromide of a mixed 
glyceride, is washed four times in succcs.sion, using 
each time 1 0 c.c. of chilled ether. The residue is 
finally dried in a water-oven to constant weight. 
In the following table a number of experiments 


are collated which have been carried out by 
Hehner and Mitchell, by the author and by his 
assistants Walker, Warburtbn, and Stadlcr. 

In the author’s opinion, derived from veiy 
extensive practice with this method, it is 
preferable to apply the ‘ bromide test ’to the 
isolated fatty acids (.see below). 

(3) Colour T&ts. 

• 

Very many colour reactions have been 
proposed from time fiD time, and are still Weing 
jiroposed, for the rocognitiop of individual oils^ 

Colour reactions were chiefly resorted to for 
lack of hotter method.s ; they have been super- 
seded in the majority of oases by the ‘ quantita- 
tive reactiodri^’ It should be borne in mind 
that many coloudrcaetions quoted in older text- 
books, and (lerpetuated even in more modern 
treatises, w§re not always obtained with typical 
.sainph's, little or no regard liaving heem paid to 
their source, their mode of purification, their 
age, and all that variety of circumstances which 
iiilluences the colour produced by the reagents. 
In (ionseq lienee of progros.s m^f' in technical 
processes, a largo number of ^ipurities, which 
were in fact tlic very substances that gave origin 
to the colours supposed to he characteristic of 
the oils or fats, lias cea.sed to occur in com- 
mercial samples. 

A colour reaction can only be consideied 
of Bomo value if it be produced by a well- 
defined substance, oecurnrig naturally in an oil 
or fat, and eharacteristic of it to such an 
extent that the sample may be identified by 
that reaction. Obviously, tiiesc characteristic 
siibstaneos which only occur in minute quantities 
should not be easily removable in the course of 



Yield of In- 

€ 

soluble bro- 

Kind o£ 4)11 

niidca from 


glycerides 
per cent 

Linseed (Iodine 

1 

value 181) . 

2.3*14 ; 23 r>2 

Linseed (iodine 
value 180'4) . 

24 17 # 

Linseed (iodine 
value 190 4) . 

.3772 

Linseed . 

23 8(5-25 8 

Tung 

f 


ml 

„ II. . 

0*38 ; 0*39 

Candle nvij. 

8*21; 7*28 

Walnut . 

1*42-1 *9 

Safflower . ' 

0 0.5-1*05 

Poppy seed ^ 

nil 

Soya-bean oil , 

* 5*0 

Maize 

nil 

Cotton 8eq(l 

nil 

,, ,, cooled 

nil 

Rape oil . 

3*0 

Brazil nut 

nil 

Almondf . 

nil 

Olive 

nil 

Japan fish 

21*14; 22*07 

Fish, deodorised 

49*01 ; 52*28 

Cod liver . 

42*9 

Newfoundland 

35*33; 33*70 

32*08; 30*02 

Shark ifver 

22*0 


21*22; 19*08 

Seal 

27*54; 27*92 

Whale . 

25*0 

„ old sample 

15*54; 16*14 

„ fresh sample 

20*1-22*01 

Sperm . 

2*61 ; 2*42 


Ob.s(*rvcr 


Walker and W.arburton 
Lewkowitsch 


ITehner and Mitchell 
Walker and Warbnrfon 


Hehner and Mitchell , 
Walker and W arburton 
Hehner and Mitclicll 
Lewkowitsch 
Hehner and Mitchell i 

Lewkowitsch 

Stadler 

Hehner and Mitchell 


Walker and Warburton 

Hehner and Mitchell 
Walker and Warburton 

Hehner and Mitchell 
Walker and Warburton 

Heimer and Mltoh^I 
Walker and Warburton 
Xrfiwkowitsch j 
Walker and Warburton 


the usual manufacturing processes. 

An I'xtonsive inquiry made by the author 
(J. Soc. (!hem. Ind. iS94, 617, and Chem. 
Techn.) into the colour reactions, has led him 
to conclude that only the following''tcsts can bo 
considered : — •' 

BmidouirCs — This test, originally pro- 

posed by (lanioin, is indicative of sesani^ oil, 
inasmuch as a substance which occurs in this 
oil gives ^ith hydrochloric acid and sugar a 
characteristic red coloration. Since cano sugar 
yields IbbvuIoso and furfural, Villavecchia and 
Fahris projvised to carry out this test in the 
following faaniier, which can be thoroughly 
recommended : — 

Id^ce c.c. of a 2 p.c. alcoholic furfural 
solution in a test-tube, add 10 c.c. of the oil to 
be tested, and 10 c.c. of hydrochloric acid of 
8 p.< 4 > . 1*19 ; shake the mixture for half*a minute 
and allow it tt settle, tk the presence of sesam^ 
oil,* even if it be less than 1 p.c., the aqueous 
layer will requirera distinct crimson colour. In 
the absence of sesame oil, the lower layer is 
either colouftess, or ha3*at most (as in the case 
of a very rancid thqugh puFe olive oil) a dirty 
yeHow colour. cThe great sensitiveness of this 
feaction has led to Ihe^compulsory ear-marking 
of margarine, in several continental countries, 
by the legally presbribed Addition of 6-10 p.o. of 
sesam^ oil to margarine. *Jn case an oil or fat 
has already ' been coloured with a colouring 
matter furnishing a red coloration with hydro- 
chloric acid alone (which not infrequently 
occu|s in the case of margarine c^jloured with 
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‘ butter colour ’), the colouring matter must be 
previously removed by frequent shaldng out 
with concentrated hydrochloric acid. Jn many 
cases, however, the colouring matter contained 
in the sesam6 oil is destroyed at the same 
time. • 

Halphen^a colour test. — This test indicates 
cotton-seed oil and is carried out in the following 
manner : 1 to 3 o.<f. of the oil is dissolved in an 
equal value of amyl alcol^l ; to this is added 
1 to 3 c.c. of carbon disulphide holding in 
solufiou 1 p.c. cff sulphui* (flowers). * The test- 
tube containing ^ha mixture is then iifimcrsed 
in boiling water, and kept therein for some time. 
The carbon disulphide evaporates off ; in the 
presence of cotton-seed oil a deep red coloration 
appears in the course (jf 5 to 15 ^iiTnutes. This 
colour reaction is most ehamctcristic ; it is 
liossible to detect thereby 5 p.c., and even less, 
of cotton-secd oil admixed with other oils and 
fats, c.g. olive oil or lard. In ease the ^pro- 
portion of cotton-seed oil is very small, the 
test-tube must be kept in the water-bath for 
20 to 30 minutes, or preferably in a salt-bath at 
105'’. Mixturs^of olive and arachis oils eoii- 
taiiiing 1 p.c. ot^cotton-seed oil, gav(‘, in the 
author’s laboratory, distinct colorations after 
25 to 30 minutes. Over-estimation of this test 
must, however, be guarded against as, on the 
one hand, cotton-seed oil, which has been heated 
at 180°-250‘’, no longer yields the red coloia- 
tion. On the other hand, it must. h<‘ reimeni bered 
that on feeding cows and pigs with cotton-se(*d 
cake, the chromogenotR! substance passes into 
the milk fat of cows and into the lard. It must, 
also, bo noted that no quantitative interpreta- 
tion sliould be based upon the depth of the red 
coloration obtained, even if the presence of 
cotton-seed oil has been placed Ix^vond doubt. 

It should further bo noted that kajiok oil 
and baobab oil give thi' same colour reaction, 
the last-named oil with even greater intensity 
than cotton-?eed oil. 

Becohi^ s colour test. — This •test is much less 
reliable than Haljihen’stest and is only described 
here because it is still largely used in the South 
of Europe (France, Italy). It is safest, if 
Becchi’s test must be applied, to usev it in the 
form suggested by Tortelli and jtnggeri : Fi\^‘ 
grams of the liquid fatty acids of the suspeefed 
sample are dissolved in JO c.c. of flieohol, and 
1 c.c. of a 5 p.c. silver nitri^te solutioi#is added ; 
the sample is then heated on a water-bath at 
70°-8()®. Cotton-secd oil acids reduc^Ahetsilver 
immediately, whereas the fatty acids of olive 
oil and (fther oils reniain clear for somo time. 
Even cotlJbn-seed oils — which have been hca4cd 
at 250'’ for 10 and 20 miRutos respectively — ean 
be recognised when present in as low a jirojiSr* 
tion as 10 p.c. in olive oil, on alkiwing the liquid 
acids of the mixed oil to stand in th^ hot water- 
bath for several hours. • 

Nitric acid test.— This test may bo used in 
many cases for the prelimin|ry*identification^)f 
cotton-seed oil. The t^t is best carried out* 
with nitric acid of 1 -370 sp.gr. (Lewkowitsch). 
A few c.c. of the samplt are shftkeii energetically 
with an equal measftre of nitric acid of the 
speoified gravity 1-376, and the samjlle is allowed 
to stand for some time, up to 24 hours. Cotton- 
seed oil gives a coffee-brown* coloration which 
is choraoterisftic of this oil to such an o:>i[tent 
VoL. IV.— 7’. 
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that admixtures of 10-12 p.c. of cotton-seed oil 
with olive oil can bo (ftj^cted in certain cases. 
But even here circumspeotion is necessary, as 
the coffee-brown coloration ’ given by somo 
specimens of cotton-soed oil is not characteristiB 
of all •cottou-seei oils. Of importance is the 
observation made by the autltor, viz. that a 
specimen of heated cotton-seed oil whith no 
longer givel the Halphen test still givgs a brown 
coloration with mtric acid, and also that the 
fatty acids from heated cotton-l^bed oil show the 
coloration distinctly. 

It may be repeated that the last three colour 
tests, which are empWed for the detection of 
l(Co4ton-8eed oil, i^ioulcf only be used wi4h the 
greatest cireumspcction. In any case they can 
only serve as preliminary or confirmatory 
tests. 

Liehertnann-Siorck reaction. — This colour 
teat IS exceedingly reliable f(fl' the detection of 
rosin oils : J to 2 c.c. of the sample under 
oxamiiiation arc shaken, in a test-tube, with 
acetic anhydride at a gentle heat" after cooling, 
the acetic anhydridi* layer is drawn off by 
means ot a pipette, and tested by adding one 
»dio]) of siilj)hurj« acid of 1'53 sp.gr. (This acid 
contains ()2-53 j’.c. of iSO^llg ; it is prepared by 
mixing 34-7 c.e. of concentrated sulphuric acid 
with 35*7 c.c. of water.) If rosin oil is present, 
a line violet (fugitive) colour is immediately 
produced. If less than 1 t?) 2 c.c. arc available, 
the test can be made on a watch-glass, by 
stirring the liquid with acetic anhydride and 
allowing a drop of suljihnnc acid to run down 
the side. It should be borne in mind that 
cholesterol gives a siniilai colour reaction. 

Buiphunc acid ted. — All Bulphune acid colour 
leactions dosciibcd in the older literature of 
this subject an? unrchahlc with the exception of 
the test for liver oils. This is best carried out 
in the following manner : 1 droji of oil is dis- 
solved in 20 drops of carbon disuliJliide and 
1 drop of conociitraicd sulphuric acid is added. 
Jn the presence of liver oils, a beautiful violet- 
blue colour appears at once, changing afterwards 
into red and brown. It has been shown by 
Drummond and Watson (Analyst, 1922, 47) 
that the coloration is nW duo to lipo-chiomes, 
♦lut stands in .some relationship to the vitamin 
content of the oil. 

• • 

11. Examination of Fatty Acids. 

, In c5.so the jireoeding inetliods, described 
under A. and B., have not furnisheif sufficient 
information for the idcntilicatJ^ni ol'a specimen, 
»it becomes necessary to exanune the free fatty 
acids. • 

If great accuracy is required it is not per- 
missible to examine the fatty acids as obtained 
by the decompo6|jtif)n of the soap soliJtion — 
resulting on saponififation of the oils and fats — 
as the separated fatty acids naturally retain the 
ipisapoiiifiablc matter. Bather is it necessary 
to remove the unsaponifiable matter previous 
to \he decomposition of the soap solutfbn by 
the methods described above. • 

A list of the natural fatty acids likely to 
be met with in the examination has been set 
out^n Jhe table, p. 64 It will be found con- 
venwmt to h!ive the few indications given above 
amplified by the following notes. 

2 X 
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I. Acids of tiie Aoetjo Sebies; 

These acids eont^yll'a uoriuil chain and are | 
best characterised for analytical purposes by 
l^eir property of not absorbing any iodine, i.e. 
their iodine value is nil. The lowest nitmbcTs 
of the series arp miscible with water in every 
propo^ion. The solubility jii w'ater decreases 
rapidly with the increase of the nuinbt*r ol carbon 
atoms in the molecule. Caprie acid is piaeii- 
eally insoluble ki cold w^ater, somewhat moie 
soluble in hot water. Launc acid js very 
slightly soluble in boding ivatcj-. The higher 
acids are practieiiily insoluble in watei'. 

Talking solubility 11/ watiir as a basis ,of , 
clasHilieation/ we may, for analytual jmipuses, 
subdivide these tatty acids into .soliihlc iuul 
insoluble fatty aeids. The acids n[» to cajirylic 
acid arc termed soluble tatty m-uls ; the higlicr 
fatty acids, fiom layristic acid upwards, aic the 
insoluble fatty aciils. Capnc and lamic ai ids 
occupy, also as regards solulidity, an iiitci- 
mediate. position. The lead salts of the highci 
fatty acids, commencing with palmitic acid, are 
insoluble in ether. 

Acetic Acid e. Vol. I. p 11. 

Butyric Acid v. Vol. 1. p. 718. 

?i(wValeric Acid v. Valkuk' acid. 

Caproicacid,!'^!! i,.()..,disooveie(l byl’hevieul 
in 1818, IS not miseiblo with wutm. altlamgb it 
IS, to some extent,’ soiulile in it. , sp.gr. at 

20“/r is ()-!124 ; 1 -410:15 ; ds oilour is like 

that of sweat: 100 e.e. of watei dissolve 
0-822 gram at 15''. 

Mdhijl ester, sji.gr. 0-l):i00 at O ' ; b.]). umlei 
700 mm. pressure', 14!)-tr ; undei 15 mm. 
pressure, 52‘’~5I1'’, 

A7%/ ester, sii.gr. 0-8800 at 0'-' ; sp.gr. 0-87112 
at 20'’; sp.gr. 0-8504 at 40 '; b.ji, 105-5' -lOb' 
icider 7.‘15’8 mm. pressure. ^ 

CapryUc acid, (’Jl^gCX., discovered by Lcidi 
(1844) in butter fat. si^gi. 0-0270 at O’" am) 
0-9100 at 2/17^0" ; 1-42825. One part dis- 

solves in 400 parts of boding water; nthe dis- 
solved acid separates out almost eomplelely 
on cooling: 100 c.e. of water at 15" hold m 
solution 0-079 gram of aeid. The acid has 
an intense odour of sweat. Jt also occurs" 
ill the oils belonging to the coconut oil grouji. 

Mdlnjl ester, J>p.gr. 0-8942 at O'’ ; sji.gr. 0-; *87 
at l8" ; solichfymg jioint —40' to -41°; b.p. 
192^-194° imder 700 min. ; 95'^ uud«T,25 mm., 
83° underTS mm, iiressure. i' 

EthyUsler, sji.m-. 0-8842 at 0'° ; 0-8730 ai 10" ; 
solidifying point, —47° to - 48° ; b.ji. 207'’-208X 

Caprie acid, hkc the loiegomg two’ 

acids, is characteristic of the milk fats and the 
oils of the coconut group. It oicurs in wool 
yolk as potassium salt. TTie acid crystallisi's m 
line needles, sp.gr. 0-930 at 37° ; 0-8858 at 40"; 
w40 42855. It is almost insoluble in cold 

w&ter ; one part dissolves in about 1000 puHs pf 
boiling water. The acid has a goat-like smell, 
which 'oecomos more distinct at tlie temperature 
bf its melting-point. 

Methyl ester, boils at 223°-224° unden. 700 
mm, and at 114° under 15 mm., solidifies at 

Ethyl ester, sp.gr. 0-862 ; b.p. 243°-24£j“. 

Laurie aeid, OjjHa^O,, is characteristic of the 1 


oils of the coconut oil and dika fat groups. At 
the ordinary temperature the add is solid, 
and crystallises from alcohiTl in needles. It is 
the first actil of the acetic series that cannot 
be distilled at ordinary pressure without undcr- 
giiing (slight) deconijiosition : sp.gr. 0-883 at 
2074 °; 0-875 at 43-0"/4; 0-8042 at 0074°; 

1-42005 ; n^J 1*4230. Lijjiiric acid is slightly 
soluble in large quantities of boiling water ; on 
distilling its aqueous solution, it passes over to 
' an approei.4,ble oxten! witli the vapours. 'The 
lau rates of (4ie alkali-moials ‘differ from the 
eorres])ondmg salts ot the lugher fatty acids ill 
that they require large ([uantitics of salt for 
‘salting out’ (/’. iSaponjfk'ation). 

Methyl r.-'H b.p. 141' under 15 mm. ; 148° 
under IS mm. ; ib.ji. -f-O • 

Ethyl esto, sji.g], 0-8071 at 19"; solidifying 
]Kurit - 10"’..' b.j), 209 ’ imch'r 01 dinary pressure. 

Myristic acid, is eharacteristic of 

all the tats behuigiug to the Myiisttro group 
(vr i\hnis'i’iCA FATS). It WAS discovered by 
ITayfair in nutmeg buttei. It is also stated to 
oeeiij- as eetj>l lu.viiHtate ill spermaei'ti and, in 
veombiiiation with unknown diruliols, m wool 
I wax. The aeid oiystallises hi lamina'; sji.gr. 

! 0-8022 at 5:; 8 / 1 7 0 8584 at OthAi''; 7 /.^^ 
j 1-1,3075; 1-4248; is completely insolnble 

' 111 water ; when boiled u itb water, about 7*7 j>.e. 

1 JS earned over witJi the vapoui ; il dissolves 
j with (blluulty in cold aleoliol and ether. 

! Mdhyl tstcr, b.p. 107'- KiS' under 1-5 mni, 
i pressure ; m.j». 18°. 

: Ethyl eslei, lioils at 295’ under uidiuai.y 

j pi essiire, and in mend at 102" or 124 ’ ; solidities 
I at J0-5"'-ll-5" ; sparingly solulile in ale.ohoi 01 
ether, more readily soluble 111 light petioleum. 

; Palmitic acid, 11 ,^ 0 ,,. oecuis in most 
vegetable and animal ials ; and notably in 
large quantities in jialm oil (Irom ^I'liich it was 
: fiist isolated in a ]uire state ]>y Fremy); 111 
; Clnnese vegetalde tullow', Japan wax, and 
i myitle wax. It occurs also in siiermaeeti and 
! in ojuum wax as ceryl palimtate, 111 becsivax a^ 
I myneyl jialnntate. 

Palmitic acid has been prepared, 'irtilieially 
: on, a laj-ge scale by melting oleic, acid WTtii 
i cavstic alkali, hydiogen being evolved; in 
' addition to palmitic ucul smaller (mantities of 
oxalic and aeotie acid's are loimed. This piocess 
has been ahandoiu'd as jmjuactieable. * 

rdnnAl^ aei<t forms tiitts of finely crystalline 
I needles ; the melted aeid solidifies o^^ cooling 
; to a nacreous, scaly, crystalline mass,- It boils 
, het%een 339° and 3561e with slight dccomposi- 
1 tii/n ; distils’ unchanged under a pi'C88U]^e of 
i 100 mm. at 271-5° ; under a pressure of 15 mm. 
at 2157 and m vacu6 at 13H°-139°. On a large 
scale it ia> distilled with the aid of super- 
heated steam ; sji gr. 0-852r at 02‘’/4" ; 0*8412 

at- 8 O 74 "; 1-4284; 1*42693. It is 

not readily soluble in i,‘old alcohol ; 100 c.e. of 
methylated alcohol (sp.gr. 0*8183) dissolve at 0° 
from 1-2 to 1*3 grams; ‘iOO o.c. of 06 p.c, (by 
volume) alcohol hold in ^solution at 0°, 0-56 
gram ; 100 parts of absolute alcohol dissolve, 
at 19*67 9-32 part, 8. It dissolves very easily in 
boiling aloohol ; petroleum spirit does not dis- 
BolvL it very readily. ® 
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The itoetailio salts of palmitic acid resemble 
very closely those cf stearic, acid {v. infra), but 
they possess a somewhat greater solubility. 
Palmitic acid is determined quantitatively m 
almitates by precipitating their solutions with 
ydrochloric acid, washing the |ft’ecipitate Avith 
water, dissolving it in absolute alcohol or ether, 
evaporating to dryness, and finally drying in a 
desiccator over sulj^urio acid. 

Methyl ester, b.p. 190° uflder 15 min. jiressure ; 

Ethyl ester, b.^. 122° iri vaenfi ; in.p. 24*2°. 

• Stearic acid, occurs very abun- 

dantly in many vegetable and animal fats, 
especially in the hard ones, such as cacao butt cr, 
shea butter, and tallow. The higlu 1C inclling- 
point of a fat, the higher is, as i%nf!c, the propoi - 
tion of stearic acid it contains. Stearic acid may 
bo obtained synthetically by the riHjuciion of h'ss 
saturated acids, containing an ojk^i cliain of 
18 carbon atoms (oleic, linohe, hnulcni(‘, clujfino- 
donie) by means of hydrogen m the picsoiicc of 
a suitablo catalyst, such as nickel or palladinm, 
ft forms white, nacreous lamnue, melting at 
()9'82° to a peflii'.’^ly toiourlcss Injuid winch, on 
cooling, sohdihes at t)U’5" to a lu-ystallinc trans- 
lucent mass ; boils undci' ordinary lui'ssuie at 
about 31)0° with slight docojn[)08jtion ; ui wntS 
it distils unchanged, (jn a large scale it. is 
distiU(M.l in a current of su])erhcated sti'am with 
out any decomposition. Under 100 mm. pressure 
it hods at 201°, under 15 mm. at 232", and m 
vacuo at ISd'S"’- 155*5° : Bp.gr. 0*8154 at tt!)‘2'74”, 
0*8380 at 80°/4°. At 11° its sp.gr. eijuals that 
of water ; at more elevated tciujieraturcs it floats 
on water, as it expands more quickly than the 

latter: w*!* 1*43003. 

Like palmitic acid it possesses neither smell 
nor taste ; it is greasy to t-he touch and j>i educes 
a grcasc.-s])ot on paiioP. Inseluhlo in water; 
in hot alcohol it dissolves easily ; it is less 
soluble in absolute alcohol than palmitic acid, 
one part of stearic acid reqftirjiig 40 paits of 
alcohol, 100 c.t. of alcohol, sp gr. 0*818 (at 
15*5°) hold in solution, at 0", 0*081 *1 gram, il the 
solution be prepared with about 3 grams of 
stearic but owing to supcrsaturatioii, the 

dissolved amounts lliictualo considerably, dfi- 
ponding on the amount of steam; acid usj'd. 
Thus, with 7 grams ol stejiryj acfd, varying 
quantities of dissolved stcftric acid lifnn 0*0810 
risin^f up to 0*1082, have been louiid (Lew'ko- 
witscii). kStearic acid dissolves easi%«m •ether. 

Potassium stearate, KCk^H-igOo, forms crystals 
having a^reasy lustre ; dissolves in 0*0 jiarts of 
boihng afeohoi. On (limiting the hot aquetms 
solution with a large proportioti of wa1|^i’,* 
peai^ lamina) of an acid stearate 
KOigHgsO^j'UigtlsyOa 

separate. The salt is insoluble# in ether, 
petroleum spirit, caj^bon* disulphide, and chloro- 
form. (Difference from potassium nleate.) ^ 

Sodium stearate, NaCj closely reJ 

sembloa the potassium silt. In tlio crystalline 
state it forms lustrousjamina^ 

Ammonium stearr^te, (NH4)Ci8Hj,502, loses 
part of its ammonia on being warm^ in aqueous | 
solution, and is converted into the acid salt, i 
The same change takes place when the ammonia i 
soap is allowed to stand over concentrated 
sulphuric aci^l in a desiccator. • 
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Calcium, strontium,^ and barium stearates 
form crystallin# precipilates, practically in- 
soluble} in alcohol. The insoluble salts are, to 
some extent, hydrolysed on washing with water^ 
Thus Ijarium stearate gives up to the water 
barium oxide, anfl free stearic acid (which can 
be extracted %vith alcohol) remains behind with 
the undissqi^iated residue. The maynesiuidi salt 
crystallises in microscopieal lamin# ; it is 
nearly insoluble in cold alcohol^ but sufficiently 
j soluble in boiling alcohol to allow it to be 
crystallised from its solution. The lead salt 
melts *it 116°- 1 Hr without undergoing de- 
composition; it is vt#‘y sparingly soluble in 
iL'tfler (differeiiee from oicie aci(l),#and siSll less 
in light petroleum. 50 e.c. of absolute ether 
dissolve 0*0074 gram of lead stiairate. in hot 
bi'iizi'iie, le.id stearate dissohcs, hut separates 
almost eoinpletelv dn eoohi^y to 8°-12°. In 
ab.soluti' alcohol, lead stearate is very sjiaringly 
soluble. .Stearic acul (aniiot be "determined 
(j[u.uitilatively by weighing iW) calcium or 
harium salts, a method wliicli has biaui proposed 
repeatedly. 

ov/f7, b.]). 214°-215° ; m.}). 38°. 

* FAhiil ester, boils ui imcud at 130° o^* 154° ; it 
iiu-lts at 3(1*7°. 

Arachidic acid, U.oH4o^^' disctivered* by 
(ioessmanu (1854), occurs ill notable quantities 
m aiachis oil : it lias also jii'cn found in butter 
lat. It crv.staliises lu small lustrous scales, 
sparingly soluble in cold alcohol ; divssolvos 
easily in boiling alcohol. JOO parts oi 90 ii.c. 

1 alcohol dissolve at 15°, 0*022 parts, and at 20% 

' 0*015 parts oi araehidic acid. It dissolves 
leadily in ether, chloroform, petroleum spirit, 
or bi'iizenc. 

Methyl ester, m.]). 54*5°. 

Ethyl ester, b.ji. 284°-28(>° under 100 mm. 
prc8.sure ; m.m50°. • 

Behenic acia, (^alf 44(10, melts at 8(|,°-82° and 
solidifies at 70°-7()°. tSynthotical behenic acid 
from ei*iK*ie acid melts at 83°-84° and solidifies 
at 70°-77'’. It boils undei 110 mm. jiressure at 
300° an 4 crystal Uses in needles ; it is less soluble 
in alcohol than in ether. 10() Jiarts of alcoliol 
dissolve, at 17°, 0* 102 gi^uii ; ToO parts of other, 
at 10°, 0*1022 gram. 

Ethyl ester, m.p. 48°-49°. 

Lighoceric acid, t%ill48(75j, occurs in arachis 
oilf in association w itli araehiefle acid ; crystal-^ 
Uses fiom alcohol in white flocks of silky lustre, 
wliich Ijsjconu; scaly and show* naereews lustre 
•when pre8.sed betw een filter-paper ; • sparingly 
soluble in cold alcohol, dissolvent readily in 
benzene, ether, or carbon disulphide. 

* Methyl ester, m.p. 50*6°~67°. - ^ 

Ethyl ester, m.p. 55° ; distils without under- 
going decomposition at 306°-310° under a 
pressure of 15-20 mm. , • 

• 

II. Acids of the Achylic or Oleic Series : 

OaHjii-gfJa* • 

These acids absorb two atoms of halogen 
from Hiibra or Wijs’' iodine solutiorff By 
means of hydrogen, in the presence of a catalyst^ 
they are readily reduced to the corresponding 
acids of the acetic series. By oxidation with a 
diliite solution of potSsflium permanganate in 
alkalijie sortition, the ^unsaturated acids ar® 
converted inlj^ the corresponding saturated 
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hydroxylatcd acids infra). On melting 
with caustic alkalis, ate broken up into 
lower acids ; thus fleic acid yields palmitic, 
acetic, and other acids. During this reaction, 

I migration of the double linkage takes^ place. 
Some of the higher acids, it)tably oleic and 
erucic acids, afe changed into crystallisable 
isonu^idoa when treated with a sm^l quantity 
of nitrouHtaCid at the ordinary temperatures, or 
with sulphurous acid or bisulphites at high 
temperatures an^ under pressure. 

The unsaturated aeida arc more readily 
soluble in alcohol than i he saturated acids ha ving 
the same number of cnj'bon atoms. The lead 
salts fii!' these, acids arc reach 1/ .soluble in (‘tlicr,f 
with the excc]iti(jn of erucic acid, which dis- 
solves only with difticulty in e.old ether. 

Ozone is readily assimilated by oleic acids, 
forming ])crozonides, whiclr arc easily converted 
into the more solufde ozonides (.see Lcwkowitscdi, 
Chem. Techn. [i. ]]. *■ 

The action pf concentrated sulphuric acid or 
anhydrous zinc chloride on the' higher members 
of this series is a vc'ry oomjdicated one (?'. 
infra and also Savotnifioation). 

Tiglic Jicid, (an isomeridc of angelie ' 

acid), occurs in croton oil , crystallises in tricluiic 
colirmns, nvelting at ()4'5 ’, and boiling at 
under ordinary pressuie ; sp.gr. 0'0641 at 76"'. 

Hypogaeic' acid, (,\flll iqO., lias been stated 
to occur naturally in arachis oil. It has been 
jirepared synthetically from stearohu acid and 
crystallises in needh's melting at 33'^’- 34'"’, boil- 
ing at 236'' under a pressure of 15 mm., and at 
230° under a pressure of 10 mm. lly nitrous 
acid it is converted into (jaidtc and. 

Oleic acids. Theory jnediets a number of 
different ‘ oleic acid.s,’ according to the position 
which the doubly linked carbon atoms occupy 
ii^ the molecule, quite apart from steieo-iso- 
me.rides obtained by the action ftf nitrous acid 
on the several ‘ oieic acids.’ Here only the 
more important members of this group can be 
described. •' 

{a) Ordinary Oleic acid 

ll <•’ 

CH[UH.J7C00H » 

is found in nio.st vegetable and animal fats, 
especially in thfr liquid ones, in combmahfui 
Svith glycerol. Pure oleic acid is best prepared 
from talJoAv (which does not contain^ notable 
quantities of lc.ss saturated acids than oleic acid)., 
by sapoiulying with jiotassiuiu hydroxide, pre- 
cipitating file soilp solution with lend acetate, 
and extracting the dried lead salt with ether. < 
The dis^iolved lead sail is decomposed by 
hydrochloric acid under ether, the liberated 
a(^ld dissolved in ammonia, and the solution 
treated with barium chloride, r The banum salt 
is dried, dissolved in hot dlcohol, and the hot 
solution allowed to crystallise. The crystallised 
salt is decomposed either by strong mineral acifl 
or by tartaric acid. The acid so prepared still 
contaifts some palmitic and stearic acids, owing 
to the solubility of the lead salts of the solid 
acids in the ethereal solution of lead oleate. « 

Pure oleic acid is a colourless liquid free 
from odour. It crystf^liscs in the fqrm, of 
neadles, solidifying at 4°, and melting at,6’6° ; 
an allotropic form melts at 16°^ Sp.gr. 0’898 


at 14° ; or 0*8908 at 11*874, 0*898 at 167 0*896 
at 207 0*889 at 307 0*876 at 60°i 0*864 at 
78*4°. ^ • 

On distilling oleic acid under ordinary* 
pressure, it; is partially broken up into water,' 
and into carbonic, acetic, caprylio, and capric 
acids ; at the same time, sebacic acid and hydro- 
carbons arc formed. In a current of super- 
heated steam, however, it palkes over unchanged 
at a temperature of about 260°. This is, indeed, 
the method by which oleic acid is. prepared on a 
manufacturing scale fn caiidle-Vorks. It if in- 
.soluhlc in water, dissolves rujuiily in cold alcohq^ 
even if the alcohol he somewhat dilute. On 
adding large quantities of water to*th(5 alcoholic 
solution, lh(' acid is thrown out. 

iSitrous lu^djat the ordinary temperature 
converts oli'ie acid intii claidie acid. 'The 
same change takes place' when the acid is treated 
with sodiif.n hiHulphitc under pressure at 
1 75% 180°, or with suljiliiirous acid, under 
pressure, at 200”. 1’Iie change, however, is 
not conqilcU, as the reaction is a reversible one. 

Oil blowing air through oleic acid at 120° for 
2, 4, 6, and 10 hours, the I’g’^hor obtained 
' respeelivi'ly 0‘()*2, 2'6, 3'5, and 6 p.c. of ‘ oxi- 
di.sed ’ acids, iii, soluble in i»etroleum spirit (e. 
injra); the specific gravities of the products 
rose in the same order from 0*8(180 to 0*9008, 
0*0121, 0*0123, and 0*0238 resjicctively. Simi- 
larly, on digesting oleic acid with sulphur at a 
temperature between 130° and 150°, sulphur is 
ahs(*rhed, without evolution of sulphuretted 
hydrogen ; apparoivUy an addition-product is 
formed. At higher tenipciaiures, from 200°- 
300°, sulphuretted hydrogen is evolved. 

Oleie acid dissolves in coneentvated sulphuric 
acid m the cold, and forms steanc-acid-hydro- 
gen sulphate, Cj jlT_, 5 (S() 4 H)Ou ; on boiling this 
product with wvater, ^sulphuric acid is split off 
and i-hydroxystearic nc4d is formed conjointly 
with a small quantity of sicarolacf^pne (Geitel), 
(.see fSAroNiFiCATioN). A similar chanp takes 
place on heating oleic acid with zinc chloride to 
J85”. By the catalytic reduction of oleic acid 
with hydrogen, oleic acid is converted quantita- 
tively into stearic acid (^ser. Lewkowitsch, J. Soc. 
Chcrii. Jud. 1908, 489). „ 

' Sodium oleaif, Naf'igHagO,. The pure salt 
is Iprejinred by crystal lisation from absolute 
alcohol (not from dilute alcohol). It dissolves 
ill 10 partk of water Ut 12°, or in 20*0 parts of 
alcohol, .sp.gr. 0*821 at 13°. It also disi^olves 
in I0(i pifets of boiling ether. The anhydrous 
salt melts at 232°-235°. 

Potufisium olmtc, formi a trans- 

pan.'nt, jelly-like masji^, which is far more 
Ici^jlily soluble in water, alcohol, and ether than 
the sodium salt. One part of the salt requires 
for complete solution 4 parts of water, or 
2*15 parts pf alcohol, or 29*1 parts of boiling 
other. * * 

Ammonium ohak, forms 

^ lA[uid crystalsf' , 

The metallic oleatfs are mostly soluble in 
alcohol, benzene, chloroform, carbon tetra- 
chloride, carbon oisulphibe, nitrobenzene, pyri- 
dine, or petroleum spirit ; ‘ some oleates are also 
soluble in etJtier. 

Methyl ester, sp..gr. 0*879 at 18° ; boils under 
I a pressure of 16 mm. at 212°-213°. 

I Sthyl ester, sp.gr. 0*871 at 16°f 
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{h) Elaldic aoid ll , discovered 

•COOHECHgl^CH 

by Boudet (1832), is obtained by allowing nitrous 
acid fumes, or a nitrite andnitrif acSd, to act on 
oleic acid at the ordinary temperature ; after a 
short time, the oleic acid is changed into its 
stereoisomeride, diaidic acid. The separation 
of elaidic acid from the , unchanged oleic acid 
is readily effected by crystallisation from alcohol 
or %ther, or bf separaf^g the leAd salts by 
means of etliCT or benzene. It crystallises 
from alcohol in ])li^cs, molting at 44-5" ; sp.gr. 
0-8505 at 79-4'^/4'’. It can bo converted, ml 
its turn, into ordinary oleic acid by boiling^ 
iodostcaric acid, prepared frogi* claidic acid, 
with alcoholic potash ; sin^iltaneously some 
‘ i.^o-olcic ’ acid is formed. 

(c) twOleie acid (Para-oleic), » Solid Oleic 

acid, was dc.scribod as an individual a(^d by 
M., ()., and A. Saytzeff and was jirepared by 
distilling i-hydroxystearic acid under rhnnni.shed 
pressure, when a mixture of ordinary oleic and 
‘ *A‘o-oleic ’ together with some unchanged 

hydrostcaric acuf, passed over. 0 

The constitution ( ) H 1 ( ' 1 1 -Cl )(> H 

ascribed to this acid, has h<*en sliovn to he 
erroneous. Arnand and Pasternak (Ponijii. 
rend. 150, 1525) state thal^ ‘ /vo-oleK;’ acid is not 
an individual, but rojueseuts a riiixture of 
several acjd.s from wiruili liithert(» tlie ordinary 
9 : LO-claidic acid, the ordinary 9 : 10-oleic acid, 
an 8, 9-elaidie aeid, and a hydroxystearicacid, 
CigHajOg, could be isolated, but these acids do 
not yet exhaust the number of acids occurring 
in the mixture hitherto considered as ‘ i.s-o-oleie ’ 
acid. 

(d) Rapic acid, is the ‘ oleic acid ’ 

occurring m rape oil ; it does not solidify on 
cooling, nor does it yiild*a solid isomeride when 
acted .upon with nitrous acid. 

Erucic acid, (k 2 H 440 ,, discovered by Darby 
(1849), occurs m the oils btionging to the raiie- 
oil group. The acid crystallises from alcohol 
in long fine needles. Erucic acid resembles 
ordinary oleic acid in its properties ; thus it is 
converted by nitrous acid into its stereo- 
isomeridc, bra-mdic acid ; it is reduced by .s¥it-« 
able treatment to the saturated bobcnic acid. 
Oa being melted with potassium^hydroxifle it 
gjmts up into acetic and #,racbidic a^ids. 

^ isoEnicic ’ acid is obtained by boiling iodo* 
behenic acid with alcoholic potasln# doubt 
this acid, like iso-oleic acid, will be found to* 
consist^f a mixture of acids. 

III.* Acids of the Ltnolio Serie^ : CrtHaw-aiO,. 

The acids belonging to thil series arc charac- 
terised by their property of ajjsorbing four 
atoms of halogorjp oi' two molecules of iodo- 
chloride. Hence these acids must be looked 
upon as containing two ^^iriPof doubly -liflked ^ 
carbon atoms. Theytreadily absorb oxygfn 
on exposure to the air ; this important pro- 
perty is made use ol in thS arts {Dryirig oils). 
They assimilate t^^o molecules of ozone. On 
oxidation with potassium permanganate solu- 
tion in the cold they yield tetrahydroxylated 
acids (v. infra). Nitrous acid does not convert 
them into solid iso'meridos. By suitablcntreat- 


meat with hydrogen they are converted into' 
acids of the saturated It ap^ars, there# 

fore, that the acids belon|;ing to this series are 
open ’chain acids. 

Linolio acid, CjgHgjGa, occurs in considerable 
propottions in dnp^mg and semi-drying oils. Pure 
linolic acid was obtained by* saponifying its 
methyl ester. The acid is a colourless oily liquid, 
sp.gr. 0*9<f2() at 18°. On bromina^ng linolic 
acid, a crystalline tetrabromide (igH 9 i( 02 Br 4 , 
melting at 114"-1 15°, is obtained. On oxidising 
linolic acid with a dilute solution of potassium 
permanganate in the cold, tetiahydroxystearie 
(sativic) acid, CigHgAlg, molting at 173°, is 
t‘•rmcd. According to Erdmann and J^edford, 

1 there exist an a- and a )3-linolic^icid,the latter 
of which yields a liquid tetrabromide. The 
I formation of the crystalline tetrabromide per- 
mits of the detection and also approximate 
quantitative determination ^f linolic acid {see 
JilNSICED oil). • 

►Several other ‘ linolic acids ’ differing from 
the ordinary linolic acid by* their- yielding 
different tetrabromides and tetrahydroxystcaric 
acids Jiavo been descrilied. I'liiis icljairic acid 
yu'hls a tetrabromide, melting at 57°-58°, 
and a tetrahydroxystcaric acid, fticlting at 
177°. 

Elaeomargaric acid, ('1 glia .0^ • 

cii3lcH.,i.,(5H : cH[crL].;j:!ii : cn[CTi 2 ] 7 Cpoir 
( Majima). crystallises in rhombic plates, melting 
at 43°-44°. It absorbs oxygen readily from the 
air and is thereby converted into a resinous 
mass. In an alcoholic (or etliercal) solution 
the aeid remains unchanged if protected from 
light. On exposure to light, however, crystals 
melting at 71° are deposited from the alcoholic 
solution. These crystals have the same com- 
position as elccomargaric acid. According to 
Maquenne, t^ic higher melting acid, termed iby 
Cloez elaBostearic acid, is a stereois^imeride of 
cljBomargaric acid, and stands to it in the same 
rclationshiji as does elaidic acid to oleic acid. 
On bromination it yields a tetrabromide, which 
is identical with the solid totrahromide obtained 
from linobe acid. On oxicUsing elaeomargaric 
acid with potassium permanganate, Kametaka 
obtained dihydroxystearic acid, and also azelaio 
acid and an unknown crystalline substance melt- 
igg at 123°-125°, soluble in j^ater and alcohol, 
but insoluble in ether. * ^ ^ 

• • 

IV. Acids of ihe Cyclic (Chauj.moogric) 
Series: CwHa^^Og.^ 

The acids belonging to tliis group are cyclic 
compounds and therefore contain op^y one pair 
of doubly -linked carbon atoms ; hence they 
absorb only two atoms of halogen. The acids 
are also remarkable on account of their^jiroperty 
of rotating the ^0410 of polarised light. 

Hydnocarpic acid, C^H^gOo, was isolated 
from the mixed fatty acids of hydnocarpg^ oil 
by crystallisation from alcohol. It is sparingly 
soluble in the usual organic solvents ingpe cwd, 
with the exception of chloroform, in \^ich ^ao 
a^^jd is easily soluble ; [a]D -f 68- 1 °. On keeping, 
the acid becomes yellow, the melting-point, 

t^je same time, baing lowered ; on distilling 
un(|er diminished pressure, a brown resinous 
substance is left in the distilling flask. 
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Chaulmoogric acid, was prepared 

from the mixed fatty aftids of chaulmoogra oil 
by orystalUaation frgm petroleum spiritj sub- 
sequent distillation under diminished pressure 
find reorystalhsatioii from alcohol. The crystals 
form colourless, glistening leafbts ; [aju-f 02*1°. 

V. Aoina of thf Ltnoiusnio ^Rn''S: 
Cn-IIon-ofL- 


VII. Acids of the Rioutoleio Series; 

On}i^2n~ sDj-j. 

The acids belonging to this series are best 
characterised as ‘ oleic ’ acids in which one 
atom of h;fdrogen is replaced by a hycRoxyl 
group. 'J'lie iiiost important representative of 
this series is : — 

Ricinoleicacid,Oi 8 H .,„03 c 
C„Hi3-ClI(Oll)CH,'CH 


The acids okthis scries assimilate six atoms 
of hydrogen, or throe molecules of lodochloride. 
They are therefore assume#! to contain three 
pairs of doubly-hnhed carbon atoms. J hey 
readily absorb oxygen fi'om tl#? air, a jiropeij^yi 
of winch exfonsive use is made in the arts 1 
{Dryifig oiU). According to Moliriari, they 
absorb three molecnlcs of ozone. I4y treatimmt 
with liydrogen in the ^irogsenei' of a catalyst, 
iinolenio acid is coftviTted into stearic acid. 

Linolenic acid, ( !i 8 H ;to^ L 

CHn CHa-CHiCn/dlo OlbCH CH.CIT.OllfCHold'OaH 

occurs in notable quantitu's in tlu* drying oils, 
especially in linseed oil. According to Erdmann 
there exist two linole.me ai'ids, a- and ^-liiiolemc ^ 
acid, of which the a-linolenie acid givi's a erystal- 
Ime hoxabiounde, nu'ltmg at 17b''. On le- 
duemg thif? crystalline hcxabromide and again 
brominatiiig the reduced linolenie acid, only 2.1 
p.c. of the crystalhm* hexabromide is obtained, 
whence Rrdinann and Bedford eoiieliide that 
the reduced acid consisls f>f a. mixture of two, 
a- and ^-linobmic acids. 'Plie isolatitui and 
determination ol tlu' crystalline licx.ibioniide is 
made use of in tlu* anhlytieal ex.innnation ol 

drying oils (r. i/i/kO- 

Pure u-liriolonic acid is a colourless liquid 
of sp.gr. 0-b04(i; on exposure 1o the atmo- 
sphere it absorbs oxygen rapidly and inereases 
tHereby iii sp gr. 'I he iodiiu* vahie of tlu' jnire 
acid corrti'sponds to that demanded by theory. 
On oxidising linolenie acid, a lu'xaliydroxy- 
steario aeicj (liuusie acid), in.]), 20IV'--20r»", is 
obtained. n 

i.'^oLInoleiliC acid, existence 

of this acid was inferred by Hazura from the 
fact that he obtained it-.i oxidising the mixed 
linseed oil acids with iiotassium permanganate* 
an isomeridi^ of linnsic acid, termed uolinusie 
acid. This secoiid hexahydroxy aeul melts «it 
1,73°-17^". The existenci* of iwlmolenie acid is 


c CP[ftH2],COOH* 

discovered by Bnss}'^ and L(«?fanu in castor oil. ^ 
IMiri' ricinoleie acid is miscible with alcohol 
and ether in every jiroportion. The acid con- 
tains an asummctric carbon atom ; hence it 
H optically m^tiye: [a]j)-t-6’2C° to -f7‘5‘’ (in 
acetone solution). On standing, the acid 
becomes spontaneously polymerised to form 
polyncinolcfc acids, which are easily rc- con - 
vertid into ricinoleie acid by boiling with aleo- 
hoho ])otash and acidification of the soap. 
Jtieinoloic acid assimilates two atoms of bromine 
or one molecule of lodochloride. , The bromide 
IS liipiid. By hydrogen, in Vrc presence of a 
catalyst, it is con v erted into hydroxystearic acid. 
Idle acid does not absorb oxygen on exposure 
to air. On treatment with ozone, it absorbs 
four atoms ol oxygen, forming a jierozonide. 

Bv oxidation with c.n alkaline solution of 
])otassium ])eiinanganafc in the cold, Ovo 
liv'flroxvl grou])s are assimilated with formation 
ot tnliyilroxysti'arie acid, 'Phe statement b;y 
llazura and Oniessner that two isomeric tri- 
ll ydroxysloanc acids are foimed and that conse- 
quently castor oil contains two isomeric acids, 
VIZ. ricinoleie a.iKl i soric in oleic acids, is open to 
gi’av<‘ doubts (.set Bewkowitseh, Chem. rcchn. 

Por the eom])1ifatcnl ];eaction taking place on 
tieating ricinoleie aeid with eoncciitratpd Bul- 
])lnirie acid, rp. Lewkowitsch, /.(f. On sub- 
jeeting iicin oleic , acid to dry distillation, 
o[)tioally active hydi’oearbons are obtained. 

IdcinflaurK' and is fornuMl by treating 
ricinoleie aeid with nitrons acid. It also is 
ojitically active; Laln+bT)70" (in absolute 
, alfohol). d’he acid crystallises in needles, 
melting at, 

t 

VI 11. DjfuYDROXYI^lTEI) AeniS ; C;iH2»S4. 


doubtful Linsekd on,). ^ | 

VI. Aiuns or THii: Oijti’anodonio Skiuks; 

Clupai,6doniC acid, Cj^KaaGo, ha.s been pre- 
pared from its octobromidc by reduction with 
zinc and alcoholic hydroehlorio aeid. It is a 
paie yedlow liquid having a ^shy smell. The 
acid is characteristic of fril fish, liver, and 
blubber oils. The most important derivative 
of ^his acid is the octobromidc, the insolubility, 
of which is utilised for the isolation of clnpano- 
donio a 3 id from a mixture of fatty acirUt add 
thus the recognition of fish, liver, and blubber 
Oils (v. infra). The ootobromido is insolublt in 
the usual organic solvents ; it is only slightly 
soluble in hot benzene.* It does not ^ mflt 
bdow 200'^, but begins to blacken ^boiTe.this 
tcmpeiatiire. 


I Diljydip^ysteario acid, C„H 3 b 04 . Only one 
dihydroxystearic acid has been found hitherto in 
a naturai oil ; it cocurs to the extent hi about 
,1 Pjjc. in castor oil. The acid is insoluble in 
(tthcr, pctroli^im spiritj and benzene, slightly 
soJfble in cold toluene, more so in the hot 
solvent; it disauJves in boiling alcohol and 
boiling acetic acid. Reducing agents readily 
convert it into stearic acid. ^ 

tlX. Dibasic A^oidJi : Acids of the Series 

Three dibasic avoids be^Ionging to this series 
have been isolated from Japan wax hy frac- 
tionating its insoluble mixed fatty aoi(^ in 
The best known of the three acids is ; — 
lapanio acid, whioh^ appears to 

form,** together with palmitic acid, a mixed 
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glyceride. The acid crystallises from alcohol from oleic, ricinoleic, linolic, and linolenic acids 
and chloroform in^ white lamina ? ; it is heavier by oxidation with pot^sium permanganate in 
than water; it dissolves very sparingly in. the cold. These acids of groat importance 
water. for tW identification of the unsaturated fatty 

i acids from which they have been derived. • 

In addition to the above naiiirally occurring A*full descrif»tion of those acids exceeds the 
fatty acids, there are found in various products limits of this article, all the more so as quan- 
of the fat iiidustnes several hydroxylatcd acids litative methods for their determinatiyn still 
or their inner annydrides. These hydroxylatcd require tf) be worked out. it n^st suffice, 
acids belong to the same series as the dihydroxy- thendore, to refer t,o chapters III. and VIIL 
lal^d, trihydroxylated, tetrahydroxylated, and of Lowkowitsoh’s Chem. TiSfchn., and to the 
hexahydroxylnjcci acids* obtained ^respectively following tahlos, detailing briefly the properties 
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"flilUO 
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(!,sIT,,j^O.(OH) 

<hJfir.(),(() fi.noo 

.‘112 KUO 

82«'0 

14 00 

JJdiydroxystearic , . j 

(’iftllgPliOHD 


■100 280*,') 

42075 

20-58 

TrihyilroNj stearic . . j 

^'j s^h'iii^ D(0 H)^ 


458 8(1 7 4 ' 

48!) !) 

37-95 

_ l'etrahydroxysteaTlc(salivie) 

^'l.sHj.OotOll), 


.'DO , 4:u-8 ; 

r)42'0 

48’27 

Pentaiij^droxystearic . . ' 

('isHo, ().,(» HD-, 

0,dIn0.,(O('.,ID()).^ 

.d74* 1 4887 i 

580 4 

57-09 

Hcviiliydroxyst carle (llnusic) j 

^’i«h,oo;(oc;;h;,());, 

0:52 ' r):52T» 

021 8 
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if the more imjiortant*]iydroxylafcd acids and the basis of the commercial valuation of S 4 icji 
oniieir acotylated pr.xlucts. dffic second table fats as tallow, bonefat, }>alm oil. and other 
shows that the hydroxylatcd ait Is •arc bc«t vegetable fats. I’liis number is known in 
ehara^erised by their notalilc acetyl values. oomnierce as ‘ litre test ’ and denotes the solidi- 
Tl^ methods applicable to the examination fying point taken under* exaetty determined 
of fatty acids dividc^thomselves naf ura%^ iito conditions (a. iufra). 

(a) physical methods ; (6) cheniftcal metho^Js.* The solidifying point is not •a physical 

TUta, constant, inasmuch as it depends on the rate of 

(a) liiYSiC^L JireTHons. cooling of .a defiinte quantity examined under 

The physical methods, emhr%c*ing the deter- certain conditipns ; hence it is obviofls thftt by 
mination of the ff)cei fie gravity, retractive index, varying these conditions, different results will 
rotatory powei’, and solubility, arc apjilied in ho obtained. For commercial purposes, it is 
the same manner as diwcrfhed above f^r^iif: therefore most essential that a certain modus 
glycerides. • operamh ho adhered to as strictly as possible. 

More important than Jhe determination of *The mode of procedure proposed by Bulican has 
the solidifying and melting points of the gly- been adopted in this country, in the United 
oerides is the determination o:^ the solidifying litatos, and in France. This method has proved 
point of the fatty acids, as valuable information itself reliable in the author’s own experience, 
of a discriminative nature pan be obtained there- ^xtpndiiig over a gseat number of years. Fifty 
from. gr,jims of the fat under examination are sftponi- 

The solidifying point of the fatty aci§s forms lied, the separated fatty acids are freed from 
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water and finally filtered through a dry plaited 
filter into a porcelain di^li* The fatty acids are 
allowed to solidify anctfo stand overnight lender 
a desiccator. (At the seventh International 
CSngresa, it was agreed that in those cases where 
rapidity in obtaining a results was of greater 
importance than* strictest accuracy, the fatty 
acids may be allowo<l to stand for a^few hoiiis 
only.) Th^ fatty substance is carefully melt(‘d 

Titre Tests or Mixed Fatty Acids 
(Lewkowits#^)). 


Class of 
fat 

Kind of fat 

Aniniul 

Horse fat 

fats 

Horse /narrow fat 


Lard 


Reef tallow, English 


C/laas o£r 
oil 

f 

c-Kind of oil 

Titre 
i(“st '’C. 

* 

Itemarks ; 

Drying 

Tiinsepa oil 

20* fi 


oils 

Tang oil » 

37 2 

1 


Henu) ,s<ipd*oil 

IflT* 

1 


Sallloweroil , 

10*0 

1 


Poppy soei! oil 

10*2 



Soya bi;an oil 

21*2 



Sernl-dry- 

Cotton st‘('d oil 

32 (1 

Lowest 1 

lag oils 

MaVze oil 

3,5 2 

Highest j 

li) U 

j 


Spsanip oil 

23-8 



(^foton oil 

11) 11 

1 


C ureas oil 

2H*() 



Rafie oil 

13 0 


Non-dry- 
ing oils 

poach koTiicl q/l 

Almond oil 

13 .5 

n*8 


Arachis oil 

2*1 2 



Koi^nip oil 

38 8 



Olive oil 

17 2 

Lowest 


Ben oil 

2r) 4 

Highest 


37 8 


Marine 

.lapaiiesp sariluie oil 

28 2 


animal 

(^od liver oil 

13 <) 

how(‘st 

oils 

Seal oil” 

21*3 

Highest 


1 5 *) 



Whale oil 

23 9 






Terrestrial Sboeii'.s foot oil 

21 1 


animal 

Hiirse’s loot oil 

28 (1 


oils 

Neat’s foot oil 

20 6 

1 

Class of 
fat 

Kind of fat ^ 

Titre 
tiist T,. 

Kemarks 

Vegetable 

Chaulinoogra oil 

30*0 


fats 

Pongam o»t 

44*4 



Laurel oil 

15 1 



Civrapa oil 

34 9 



Margosa oil 

42*0 

• 


Niani fat 

42*6 



Mcfwrah seed oil 

40*3 



Slnwi-butter^ 

53 8 



Palm oil, Bonny 

36-'.) 



, ,, Bassam 

38*47 



tf, „ Lagos 

43*925 



,, ,, Old Calabar 

44*60 



,, ,, Salt Pond 

44 47.5 



„ ,, New Calabar 

45*55 



,, Congo 

,45 05 

JjO^vest 


Macassar oil * 

51*6 


Sawarri fat 

53*2 

Highest 


47*0 



Nutmeg butter 

39*95 



Cacao butter 

48*,3-49’(i 



i^Ohinose vegetable tallow 

45*2 

Lowest » 



53*4 

Highest 


Palm nut oil 

20 5 

Lowest 


Cownut oil, commercial 

25*5 

Highest 


22*55 

Lowest 


W ” Cochin * 

25*2 

Highest 


25*2 

• f 


Japan wax 

59*4 • 

t 


„ ,, N. American 

W S. American I 

>( *> * » 

,, ,, Aiistnilian 

M •' 

Mutton tallow, English 
,, ,, Australian 

N.Zealaiull 
Heel marrow fat 


Tltre 
test “C. 


33-7 
38*66 
420 
38*7 
46*1 
41*1 
44-16 
44-16 
« 40*25 
• 38 3 
43*3 
41*6 
48-3 
42*35 
48*05 
45*0 
48*0 
38*0 


Remarks 


Lowest 
Highest 
Lowest 
Highest 
Lowest 
Highest 
Lowest 
Highest r 

liOwest 

Highest 

Lowest 

Highest 

Ijowest 

Highest 


111 an fur-bath or over a free flame, and as much 
>f it i.s poureil into a test-tube, Kiems. long and 
.*Lr) oms. ivide, as will fill the tube more than half 
full. The tube is then fastened by means of a 
cork into a wide-inoiithed bott^s,"*^!!) cms. wide 
and 13 ems high, and an accurate thcnniunetiT 
(graduated in tenths of tlegrces from about 
- rf to having a rncrcui y bulb about 3 ems. 

long and 6 mm, in diameter, and carefully 
standardised with the aid of a ‘ normal thermo- 
meter’), 18 inserted in the fatty acids, so that 
the bulb is in the middle of the maSuS. When a 
few crystals ajipeai at the bottom of tlie tube, 
the mass is stirred by giving tlie thermometer 
a. rotatory moveiiumt, first three times from right 
to left, and then thns' times from left to right. 
'I’he stirring is then continued, with a quick 
circular movement of the thermometer, without 
allowing it to toueh Iho sides of the vessel, and 
taking care that all sofiddied jiortions, as they 
torm, arc well stirred into the mass until the Jatter 
has iiecome cloudy throughout. The thermo- 
meter should now be«observed carefully. A good 
plan IS to w^ite down the tern] lerat lire at short 
intervals. At first the mercury will continue to 
fall, or at least remain stationary, then it wdll rise 
suddenly some tenths of a degree and reach a 
maximum, remaining stationary thereat 'for some 
littfc.time before it falls again. This point is 
called the ‘ titro ’ or solidifying point of the mixed 
fatty acids. ,tn the case of dark coloured fats, It 
may be impossible to onserve the separation, ot 
crystalline flatter. In such cases, it is best to 
make a^prclfininary experiment, which affords 
the necessary guidance. ♦ 

III fTerraany, Austria, and in the 'United 
8ljj,te5, slightly different Inethods of operating 
havef> been proposed (sea Lewkowitsch, loc, 
rit.), but as Dalic^p’s method has been made 
the basis of commercial transactions in this 
oountry, the United Statues, and France, new 
proposals for determining th(f ‘ bitre,’ however 
acceptable they m^-y appear, have little chance 
^flSiiperseding the djtabhshed method. The 
above table gives a list •of titre tests collated 
from a very large number of observations made 
by the author. ♦ 

(6) Chemical Methods. 

The chemical methods are arran^d here in 
a logicifl order, bo that the order of tne descrip- 
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tion may serve at the same time as a guide in 
the technical exam^ation. (For other methods, 
which ihvolve stnctly scientific examination, 
i>ee Lewkowitsch, vol. i. chap, xii.) 

(1) Neutralisation Value— M^n Molecular 
Weight. 

• 

The neutralisation value indicates the 
number of milligrams of* potassium hydroxide 
required to saturate on^ gram of ,the mixed 
fatty acids. t 

• • 

Neutralisation Values of Fatty Acids. 


Bu substitution we obtaiiT 


1000 


Acetic 
Butyric 
Caproic 
('aprylic 
Capric 
Laurie 
Myristic 
Palmitic 
Stearic 
Oleic , 

Lin olio 
Hydnocarpic 
Chaulmoogric 
Linolenic 
Clujianodonie 
Ricinoleic 
Arachidic 
(radoleic 
Erucic 
Corotic 
Molissie ^ 
Hydroxystcaric 
Dihydroxy stcari c 
Trihydroxysteaiic 
Sativic 
Linusic 


• 1 

• 

Mole- 

Formula 

cular 


weight 

CoH4()., 

liO 


88 


116 


144 

^ 10 ^ 20^2 

172 

(^iJl.^O, 

200 

^ 14^^28^^2 

228 


256 


284 


282 


280 


252 

^'18H3202 

280 


278 

^ T 8 ^^.’ 8^^2 

276 

^ 18 ^^ d 4 ^ h , 

298 

^ 20 ^ 40 ^^^ 

312 

^ 2 « 

310 


338 

396 


452 


300 


316 


332 


348 

^' 18 ^ 30 ^^8 

380 


Neutrali- 
sation 
value 
Mgr ms 
KOH 


9:i5-() 

: i 2(>-2 
280-5 
240- 1 
219-1 

197- 5 

198- 9 
200-4 
222-0 

200- 4 

201 - 8 
20.3-2 
188-3 
179-8 
181-0 
100-0 
141-7 
12-Jl 
J78-0 
177-0 
109-0 
101-2 
147-0 


The determination of the i^iitralisaiion 
number is earned out in exactly^ the same 
maiyicr as is described uiuier the heading ‘ Acid 
Value.’ As a rule, about 5 grams the sub- 
stance should be taken ; smallel* qii^lntities 
should ^t be employed (if avoidable), as other- , 
■wise th^rrors of the method have too great an ' 
influence on the result. •From the neutralisrftioj/ 
number thus found, the mean motecular weight 
of the fatty acids may be caljjjlated as follows : 
Let M be the molecular weight expressed in 
grams. Theory requires that M grams be 
neutralised by 66* 1 grams of potassium hydroxide 
KOH. Let n bo the number of grams of potas- 
sium hydroxide found by experiment to neutraii^ 
1 gram of fatty acidf; then we have the 
proportion • • 

M ; 66-1 ; : 1 : ; hence, M= 56-1 /n 

n is found by multiplying the number found for 
1 gram of fatty acief byp*06(jl. If that number 
be a, we h^ve 

»i=aX 0-0561 


a X 0-05(N. a 

The table in previous column contains tljp 
theoretical molecular weights and calculated^ 
neutralisation VEilues of pure f^tty acids ; they 
will serve as a guide t o the proper interpretation 
of results f#l>tained in the practical examihation 
of mixed fatty acids. * 

(2) Lactones— A nhydrides^ 

If the fatty acftls, instead of being titrated 
with aqueous alkali inihe cold, were boiled with 
aft excess of ffleoholic iiotnssiyni hy^lroxide 
solution {fiec Sapomjicaiion viilue,), the number 
of niilligraiiis of potassium hydroxide thus re- 
quired to saturate 1 gram of fatty acids should 
be the same as thatrfound for the neutralisation 
value, juovided the amoiinf of unsaponifiable 
matter be negiigiblef In other words, the neu- 
tralisation and sajumilicatioii yaliics of fatty 
a<‘ids should be identical. In tase, however, the 
fatty acids contain lactones, or anhydrides of 
the fatly acids, which do not combine with 
aqueous alkali in the cold, and are only hydro- 
lysed on boiling with alcoholic ‘potassium 
hydroxide solution, then the sdjionification 
value of tlu^ fatty aeiils will be higher than the 
neutralisation mini her. 

The (lifferenee between sajionifieation and 
neutralisation values furnislu-s a mcasuie of the 
lactones or anhydrides ])resent. I'he dotcTiniiia- 
tion of lactones is of importance in the com- 
mercial examination of candle materials {v. 
Lewkow'itseh, loc. n/.). 

(3) Insoluble Fatty Acids (Hehner Value). 

Three to four grams of fat are saponified as 
described iintier Saponification value, using, •>£ 
course, double the amount of alcoholicijiotassium 
hydroxide sojuiion stated there. The soap is 
dissolved in 100-150 c.c. of water ^thc alcohol 
is drivgn oil completely until the soap has 
beeome^pasty), acidified with dilute sulpliuric 
acid and warmed until the liberated fatty acids 
float on the top as a #lear oily layer. This is 
j^brought on to a filter-paper of about 4-6 inches 
diameter, previously dried at 100^' and accurately 
w<|(ghcd in a weighing bottle a small beaker 
(covered with a watch-glass). The filter -paper . 
should be of stout material, as ordinarv filtering . 
paper rSadily allows the liquid to run through 
turbid. A good plan to prevent thijf is to have 
the filter half full of hot wat(ir, befvfiT^ the fattv 
matter is transferred to it, and to keep it full 
until all the liquid is added. FinAlly,*the fatty 
acids are washed on the filter with boiling water 
until a few c.c. of the wash -water do not redden 
sensitive tincturqof litmus. In the cas* of f®ts 
belonging to the cowmut oil or dika fat group, as 
also in the case of butter fat, 2000-3000 c.c. of 
ivash-water are required. The washing being 
completed, the funnel with the filter ie immersed 
in* a vessel of cold water, so that th* water 
outside and the acid inside arc at the same level. 
Thi water is then allowed to drain off, the filter 
is transferred to the beaker in which it had 
previqpsly been weighed, is dried at 100° for 
2 nqps, awd weighed. The fatty matter is 
1 ]JorH-l ; 0«16; C-12. 
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dried for another hour or an hour and a hjilf, 
and weighed again. ^"Fho difference between 
the two weights wi^, as a ride, he below ].; 
milligram. 

• Strictly concordant results are not obtainable 
by this method, as it entailafta number* of in- 
herent errors, ditailed consideration of which is 
required in each speidal case (see Lewkowitsch, 
Chem. Tc<»hm). ^ ^ 

Most oils and fats yield about 95 p.c. of 
insoluble fatty .^-ids ; only those fats which arc 
charaeteiased by high R,ei chert values yndd Jess 
than 95 p.c. It should be nf<ted tiuit the ‘ fatty 
acids ’ include the unsappndialde matter, unless 
the latter has bi'cn roiunve(f from the sof.pi 
solution. In the majority of cases, and es])ecja lly 
in analyses of iinadulti'rated lats for c,ommer<‘ial 
juirposes, the amount of unsapomfiable matter 
may be neglected. . 

(4) Volatile Fatty Acids. 


with 150 c.c. of water, heated to the boiling- 
point and gradually run intp the soap solution, 
with constant shaking. The flask, containing 
the lead soap, is filled completely with hot water, 
and then allowed to cool. When the liquid has 
1 become clear is poured off through a filter. 

I As a rule, the solution is so clear that no solid 
' particles will he found on ^the filter ; should 
there be any, they must be brought back into 
the flask. The precipitate in tlic flask is washed 
thoroughly with boiling watej, with the gire- 
eaution or cooling fhe hot |iolution8 before 
' filtering, thus causing the ilh'ad salts to adheie 
to the sides of the lla.sk. The last drops of water 
' may he rmnoyed by means of a thin rolljof filter- 
pa])(‘r. It js^iot advisable to dry the lead salts, 
as 111 tlie case #f jlrying nils they ah.sorb oxygen 
from the air somewhat rapidly. Next, 150 e.e. 
of ether are added to the lead sails, and th(‘ 

I Ihisk is eorf.ed and shaken riqieatedly, so that 
' the ^.alts may disintegrate. The flask is then 
I attaehi'd to a ii'llnx condenser and heated on 


A notable amount of volatile fattv acids is ’ a water-hat h for some little time, uith frequent 
indicated by a iletinite Ueichert-Mc'issl valiii' of shaking. 'Phe lead sails of the liquid fatty acids 
the glycernh'S, as also by a notable titration dissolve rcwlily in tlie hot eth^r,«^bnjointiy with 
numher of the insoluble volatile fatty lu-ids •some fractions of the salts of the saturated 
The apju^oximate separation of the soluble acids; undissolved salts, if any, settle out at 
voliytilc fatty acids has been desctibed above , the bottom of the tlask as a iine powder. If 
(For furtlub’ details and the ap]>lieation of tlu' .ill ojicrntions are eourlncted somewhat ra])idly 
method for the (h'tcvmuiat ioti of the volatile .uni unnecessary exposure to the air is avoided, 
fat/ty acids in the ('\amination of hutt(‘r fat and , working m an atrnosplieic of an inert gas 
mixtures thereof with coconut oil and palm- ■ can he disjieusi'd witli. 41ie ethcnaii Boliition 
kernel oil, lSyc LcwkniMtseh, /oc, ciI.) is then allowed to cool down to the ordinary 

i tcm])('iMtiire and tlu' solution filtered throngli 

(5) Separation of Insoluble Saturated from 
Unsaturated Fatty Acids. 

The preseiiee of iinsatnrated fatty aeids in 
the mixed insoluble fatty acids is didcitril in hi'ing usial each time. 'Phe ethereal solutionis 
tho readie.st manner by (ietermining the iodine then sliaken with a*mi\lnre of one part of 
vUluc of tho mixed tatty aeids? tins method hydrochloric aeid and four ])aitK of wati'r, in 
offens an a'lditional advantage 111 tliat it hirnjshi's order to decomjio.sc the lead salts^ Thb ether 
a measure of tho iiusaturated fatty aeids. much dissolves tlie free fatty acids as they are 
as the lodiuo value of the oils and fats affords a lihi'rated, whilst the undissolved lead eliloride 
measure of the iiusaturated glyem’id^s. dlie settles out at the liottom of tlic separating 
mixed fatty acids as olitained from the natural luniiel. After separation tnto two lavers has 
oils ami fats Avilbalways have a definite iodine taken jilaee, the a.eifl Inpiid is draivn off and the 
value. * ethereal layer is ivashed with smalUqn an titles 

The best -altlioiigh still imperfect— met liorf of water until tiu* wash-watm’ is free from acid, 
of separation is based on tho solubility of the Fiivilly, the ethereal solution is filtered through 
lead salts of tlieiansolublc fatty acids in etlifn' ; a small ])leaVd filter into an ordinary^ flask. In 
ffi this menstruum the lead salts of the solid case the lilj[uid fatty rfeids consist chiefly of oleic 
fatty aci^H, if free from liquid acids, are almost acid, the results wdll be suflicii'ntly aeeuraTe, if 
insoluble. This method is best carried out in* the et^ier**]5e evaporated off on the water-bath 
tho following manner as woikcd out in the and tho residue dried in a watcr-ewen. If, 
author’s 13!Boratory ; it consists of a conihiiia- however, the presence of less saturated fatty 
tion of the several modifications of the original ^ic)#.s (from linseed, s(^;a bean, maize, marine 
brusseroAf-Varrentrapp method, projiosed by anjpials oil) tSian oleic is suspected, the ethereal 
Muter and de Koningh, and by Lane; — solution should bo distilled off in a current of 

3 to 4 grams of fatty acids are neutralised dry hydrogen dry carbon dioxide. The 
irfa 300 c.c. flask with 50 c.c., of approximately flask is ther immersed up to the neck in warm 
half -normal aqueous potasshim Jiydroxide solu- Avater, which is finally lliroiight to tho boiling- 
tion. In case the original oil or fat he employed, point. Thus tho last traces of moisture are 
3-4 grams aro saponified in the usual inannet ^fei^oved. ^ i. 

with 50 c.o. of approximately half -normal On tho filter there i.emain tho lead soaps of 

alcohoMe potassium hydroxide solution in* a the saturated fatty acids,j>which‘ aro decomposed 
800 c.c. flask. Fhcnolphthalcin is added, the by treatment with liydrophloric acid, so that 
solution 18 slightly acidified with acetic eieid, the saturatejl fatty acids can be removed and 
and finally titrated with alcoholic potassium further examined. The determination of the 
hydi'oxide solution until neutral. The solijtioji is iodine value of thc.liqui^i fatty acids will furnish 
then diluted with water to about 10(J C.C., 50 c.c. an approximate indication of the^ composition 
of a 10 p.c solution of lead acet^^te are diluted of tWte liquid fatty acids. ^ 


[a ]>leaUd filter (kept I'oveied aaiIIi a watch- 
glass) into a scjianiling funnel. Tlie insoluble 
s.‘dts ere liroiight on to the lilliu by Avashmg 
tho da.,sk thiee or four times Avith ether, 30 e.e. 
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(6) Separation and Estimation of Individual 
Saturated Fatty Acids. 

In the present stage of our knowledge only 
the following solid acids can be determined with 
approximate accuracy. * 

AracMdic acid. — The solid tfatty acids ob- 
tained from 10 grams of oil by the lead-salt- 
ether method are^dissolved in 60 c.c. of 90 p.c. 
alcohol. In the presence of arachidic acid, a 
orystalline mass separates out from the cooled 
solution. This consists, in the case of arachis | 
oil, of a mixtjji'c of artichidic anfl lignoceric 
Acids. The crystafe are filtered off and washed 
on the filt.er, first with a measun'd quantity 
of 90 p,c. alcohol, tlion of 70 (hy voliiine)| 
alcohol which dissolves liut sii^ill quantifies 
of 1he crude arachidic acid., llhc crystals arc 
finally dissolved by pouring boiling absolute 
alcohol on the filter. The filtrate is received 
in a porcelain dish or in a flask, evaporated to 
dryness, and the residue is wemheil. IV tlie 
weight of crude araidiidio acid thus found, 
the quantity dissolved by tlie f)0 j).e. alcohol 
used for washing (taking as basis for ealeulation 
that 100 e.c^iasolve 0'0022 gra.ni at Ifi'", or 
0*046 gram at 20“) is added. Finally, lint 
melting-point of the eruch' araeliidic aeid is 
determined. This should lie fioni TT' to 72 ' 
(cf. Lewkowitseh, ('hem. Teehn.) 

Strnric acid . — The detcrnunation of steaiie 
acid is based on the jinncjjfie used by Casaniajoi 
for the separation of sugars, and (le])ends on 
the fact that on treating mixed taffy acids 
with an alcoholic solution of pure steal ic acid 
saturated at 0", all tlie lower sat/urated fatty 
acids, as also the unsaturated fatfy acids, are 
diussolved, when'.as stearic acid rmunniK undis- 
solvcd. 

Jt should bo noted that if any arachidic acid 
he present as well as s(i'*ric aeiil, the se]»ara(ed 
acid consists of a nfixluro of the two. Tii 
such flasesf it is advisable first to sejiarato off 
the araeliidic acid hy fhe^ method deserihc'd 
above. 

This principle has been worked out liy 
Helmer and Mitchell as a nietliod whicli yields 
111 many cases, but not in* every case, reliable 
results (e/. Lewkowitseh, lac. ciL). 

The stearic acid solution is prejiared^ *h\d 
dissolving ahouf. 3 grams of jiure sti'anc ac^d in 
lUOO c.c, of waini (mef hylatcd) altfohol of sp.gr. 
0*8183 (containing 94*4 p.t*. ol alcohoThy volume) 
in a stoppered bottle. The bottle is immersed 
up to the neck in ice-water (kepi ii'#fn ite-chcsU 
well pmtocted agaiict radiation of heat), and 
alloweiilto stand in the ice-water overnight. 
After 12 hours, the molfier liquor is siphonelt offf 
without removing the flask fronf the ice-w|tt4, 
by means of a small thistle funnel immersed in 
the alcoholic solution and offered with a piece 
of fine oalioo (so as to retain the sej^jirated stearic 
acid crystals in tlip flask). The funnel is twice 
bent at right angles, and is best fitted into a 
suction bottle, so that th» clfiar liquor cai! ke 
drawn off by moans inf a filter-pump. The 
method is carried oi^jt as follows : 0*6 gram to 
1 gram of the milled fatty acids, if solid, or 
6 grams if liquid, are weighed accurately in a 
fiaik and dissolved in 100 c.c, of the above 
alcoholic stearic acid solution. The flask is 
placed in ice-wate? overnight, the mixture is 
agitated the following morning while th# flask 


is jtill kept in the ice -water, and then allowed to 
stiad for at least half*an hour in the ice-water 
ill order to promot# crystallisation. The 
alcoholic solution is then ffitered off as described 
above, care being taken to draw off the soluticgi 
as completely a| possible. The residue in the 
flask is washed three times ii^ succession with 
10 c.c. of the alcoholic stearic acid solution, 
previously* cooled down to ()“. The crystals 
adhering to Ihe calico of the thistle*funnel are 
then washed with hot alcohcii into the flask, 
the alcohol is evaporated off, the residue dried 
at 100'' and weighc^l. Jn case the melting-point 
be much below OH'f/', the author considers it 
necessary to tfifat tltc j-csk1uc unco more as 
desrnhed above. A correct lun f)f 0*0(1?) gram 
shriuld he made for the stearic aeid retained on 
tin* walls of the llask and in the adhering stearic 
aci'l solution. 

It has been shown hy Holland, Reed, and 
liuckli'v that a soiuce of error in this method 
IS the occasional siqiersaturation of the solution 
owing to the jiresence of iiisulfichmt stearic acid. 
To obviate tins they add a weighed quantity 
of ])iire stearic acids to the fatty acids, and 
deduct this Irom the weight of the deposit. 

t 

(7) Detection, Separation, and ‘^Approximate 
Estimation of Individual Liquid Fatty Acids » 
— Oleic, Linolic, Linoleqic, Clupanodonic. 

The liquid fatly acids are separated from the 
total mixed fatty acids hy this lead-Ralt-eth(*r 
method ; thus ])reliininary inlormation is ob- 
tained as to which fatty acids may bo present, 
la the ])resent state of our knowh'dge. attention 
can only he directed to the detection and deter- 
mination of oleic, linolic, linolenic, and clnpano- 
(loiiK* acids. If the iolIiui' value he found to lie 
m the neiglihourhood of 99, the liquid fatty 
acids may IxtcousidcriHl as consisting of practi- 
cally juire oleic acid. If the iodine value he 
minfii Ingher tlian in tlie case of the majority of 
pure vegetable oils, the presence linolic and 
liiiolon^' acids must he siis|)ectc(l ; in the case 
of oils, belonging to the marine animal oils, the 
])res(‘nce of clupanodonic acirUmiist be expected ; 
in the case of mixtiiriV, of cour.so, the presence 
of all these acids has t-o lie assumed. 

The presenci* of linohmic and (or) clupano- 
dj»uic aeid.s is iiseertaiued *by the bromide 
test, which jiermits at the same time 
quantitative deteiiiiination of the insoluble 
bromhres. The hromination test canibe applied 
to the original mixed fatly acids Vithout the 
necessity of sejiarating tlie s«liJ fnJTh the liquid 
acids. The mixed fatty acids are brominated 
m the same manner as already* described 
in the bromide tost : 0*3 grams of the fatty 
acids are dissolved in glacial acetic acid, and 
the solution is ^ioolod in a Qorked flask to*6°. 
The further treatflnent is identi<!al with that 
described above (Bromide The ether- 

, insoluble bromo derivatives consist either of 
octobromido or of hexabromide, or of a mixture 
of both. If the melting-point of the insoluble 
bromides lies between ITS^-ISO^^, linolenic hem- 
br#mide derived from a drying oil has been 
obtained. If the bromide has not melted at 
1^0“ pr not completely melted, and blackens on, 
heajjing to* 200'^ or above, then an octobromide, 
characteristic of a marine animal oil, is present. 
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If a mixture of hexabromides and octobromi^lcs 
bo suspectod, the bronfidos are separated ^by 
boiling with bonzenef in which the octobro-, 
mides arc insoluble (cj). Lewkowitsch, loC vii.). 
Pesearehes (unpublished), made by the author, 
prove that it is not permis^ble to calculate 
the amount of ,, hexabromides to drying oil, 
as only a certain amount of hexabromides 
remains dissolved, but also because'liquid iso- 
raendes ot hexabromides appear to be formed. 

'the filtrate fi^ora the octobromides and (or) 
hexabromides contains, in addition to some dis- 
solved hi'xabromides, tetrabribnidcs and di- 
bromidcs , tin' fnrtrn'i can Ik* isolated by evajio- 
rating off the ether and t.i'ealing the resitlue w'dh 
boiling light ^lictroleurn. On (‘ooling, crystals 
separate out which rejiresent, in most cases, a 
mixture of hexahromidi's and tetrabromides and 
exhibit melting-])oints lying between 170" and 
18()". Thus the author found in the separated 
fatty acids of linseed oil, <39*37 p.c. of hexa- 
bromides of m.p. 18r\ ;{ 09 p.e. of bromides, 
m.p. 15L\ 7*H3'}) c. of bromides, in.]). 142°, and 
2‘3S p.c. of bromides, m.]). 135'- 130°. By re- 
peating the treatment with ethei and by 
rc'iiewed re-crystallisation from boiling jietroleum 
sfiirit, tetrvabroinidcs of the apjiroxiinately 
correct meltmg-j)oint of jiure crystalline linolie 
tetra bromide, viz. J 14°, can be obtained. 

The following table contains the amounts of 
insoluble bromi(les fvmnd in the mixed fatty 
aeids from vegetabli' oils and marine animal oils. 




Yield of etlu*r- 
inaoluide bro- 

— 

Kind of oil 

niido from 
fatty acids 



pi'r cent 

. 

llcxa- 

Liasoed (iodine value 181) 

20 06; 20.11 

bfpinldes 

„ ( „ 184) ^ 

1 

3111; 30-41; 
30 80 


" ,, M 190 4) 1 

38 1 ; 42-0 


,, li<i 111(1 aeids (iodine j 

34 9 


Mdiie 208) 1 



Caudle nut 

1 1 .13 ; ] 1 23 ; 



irC3 


iStillingia 

2a- 78 


iSaOlower ^ 

1 05 ; 0-65 


Soya bean 

5 1 


Ilape ' 

2 4 ; 3-4 

Octo- 

Japan fish (old sample) 

1 23 04 ; 23-32 

broniidcs 

, , (fresh samples) 

Deodorisf.il (Isli 

44-2 : 47-1 
38-42; S9'3'- 


Cod liver, Norwegian 
Newfoundland cod 

Cdiark liver 

Whale (old sample) 

20-86; 30*36 
,30-1 ; 37*70 

12 68q 15-08 
, 10*;;3 ; J9*93 


1-2-38; 12-44 


(fre^ih samiiles) 

22'.59: 27-77 


Herring 

12*7 ; 21 7 


In the case of semi-drying oils, which are 
prActicirfly free from linolenic g,cid and contain 
considerable amounts of linolk acid, the brpmina- 
tion may be carried out in petroleum spirit, when 
liuQbc tetrabromide of the melting-point 112°- 
113° can readily be obtained. ,In this case also, 
isomerifi, soluble bromides are formed, especially 
iti,an excess of bromide had been used, so that 
the weight of the tetrabromides is much ^by 
50 p.c.) below the actual amount of linolie acid 
present. The following tf^bles contain a nqm^jer 
of determinations carried out in the autjior’s 
laboratory. 


AND FAT^ 

Linolie acid calculated from 
Oil separated tetrabromide 

Soya bean oil . f ^ 

Maize oil . . ’ 28 , „ 

Cotton seed oil . . 21-24 ,, 

Scsamd'oil . . . 15*6-16*4,, 

(8) Estimation of Oxidised Fatty Acids. 

Under the term ‘ oxidised Vacids is compriswl 
a class of fatty acids occurring in those oils 
and fats which have Ijecn treated with oxidising 
agents, as the prevpess of blowing witb air 
or oxygen. The change which tome of the un- 
satiiratcd acids undergo is fiot yet fully undei® 
stood, but this much is certain, that through 
* blowing ’ or oxidising ’ a cei'tain proportion 
of aeids is obtained which arc characterised by 
their insoInbiliCy ^11 petroleum spirit. 

The quantitative estimation of oxidised 
acids is earned out by Fahrion’s method as 
follows : 4 to 5 grams of the sample are saponified 
m tife usual manner with alcoholic potassium 
hydroxide solution ; the alcohol is evaporated off, 
the soap is dissolved in hot water, transferred to 
a se[>arai!ng funnel, and decomposed with 
hydrochloric acid. After cooimf;' the liquid is 
shaki'ii with iictroleum spirit (boiling below 80°) 
and allowed to stand until it has separated 
completely into two clear layers. The insoluble 
oxidised fatty acids will be found to adhere to 
the sides of the funnel or form a sediment in the 
petroh'iim layer.' The aqueous layer is drawn 
off, the petroleum layer poured off, if necessary 
through a filter, and the oxidised acids are 
washed with iietrolcum spirit to remove adhering 
ordinary fatty acids, in ease the amount of 
oxidised fatty acids be large, it is advisable to 
dissolve them in alkali, decompose the soap with 
hydrochloric acul, and shake out again with 
petroleum spirit, so as to remove completely any 
occluded soluble fatfty^ acids. The oxidised 
acids are then dissolved in warm alcohol or 
ether, the alcoholic or ethereal solution is 
transferred to a tai/.d basin, the alcohol or ether 
is evaporated off, and the residue dried until the 
weight remains constant. Thus the jiroportion 
of oxidised acids is found. (For further in- 
formation, C'p. Lewkowitsch, loc. cit.) 

111. Examination of the Unsaponlfiable Matter. 

The unsuponifiable matter is isolated in 
substances'' as described above and can be 
immediately further examined. In cast a 
samplen rfljflfir examination has not been 
adulterated with mineral oil, rosin oil, or tar oil, 
the amount of unsaponifiable matter *^11, as a 
*rule<s be very small, stated already, the 
ilinsaponifiable* matter consists chiefly of sterols ; 
in tnc case of vegetable oils ol phytosterol (mostly 
sitosterol) ; and if. the case of animal oils and 
fats of chole.perol. 

In addition to sitosterol, ^here has also been 
found in a number of vegetable oils, stigma- 
Htetol ; and in rape pil, hrassicasterol. The last 
phytosterols canno^tbe considered here (cp., 
however, Lewkowitsch, loc. cit ). • 

The examination of the' un8aponifi,able matter 
furnishes, therefore, a meatns of distinguishing 
between vegetable and animal oils and fats. In 
case a mixture of both vegetable and animal 
products be present, a mixture of phytosterol 
and p^^olesterol is, of course, obtainitd. 
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For the examination of the unsaponifiable 
matter, the isoUtejd substance is Resolved in the 
smallest pussibil^ aihount of absolute alcohol and 
allowed to ' crystallise. If notable amounts of 
colouring matters and resinous substances are 
absent, as a rule well -defined ^ryslals are ob- 
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tahicd. Otherwise, the unsapofiifiable mattci^ 
must be dissolved in f)5 p.c. ^ISohol and the 
solution decolorised by aninfal charcoal. The 
crystals should then be examined under the 
microscope. Cholesterol crystall^es in tJie 
forms shown in Fig. 5, sitosterol in crystals 
shown in Fig. (>. 



Fkj. G. 


In the ))re.^ence of both chnlesterof and | 
•sitosterol, the mieroscojne examination furnishes 
very uncertain results (rp, Lewkowitsch, loc. 
6ii.). 

The uncertainty inherent in the niieros<'oj)ic 
tost is removed by carrying out Bomer’s 
Iihytosteiyl acetate test. 

Phijloderi/l acetate te^l — The alcoholic solu- 
tion containing the srystals is evaporateil to 
dryness or^a water-bath, and the residue heated 
for 2 or 3 minutes in a small porcelain dish witli 
acetic anhydride (2 to 3 c.%. per 100 grams ol 
original oif or fat) over a small flame until tlie 
solution boils, the dish being covered with a 
watch-glass. The watch-glass is then removed, 
and the ^excess of acetic anhydride evaporated 
off on the water-bath. The contents of the disb 
are next heated with the smallest possible 
c^uantity of absolute alcohol ; in older to prevent 
immediate. solidification«or crystallfl^ation, a few 
Q.&. of alcohol are added, when the mass is 
allowed to crystallise. By spontaneous gvapora- 
tion, about one-half or one -third of the alcohol 
volatilises and the acetates crystallise out. The 
crystals are filtered ^ through a small jfiltei-, 
and washed with a little 96 c.<k alcohol. 11110 
acetates are brought back from the flltei* into 
the dish, dissolved in 6 to«40 c.c. of absolute 
alcohol, and ^igain allowed to crystallise. The 
crystals are filtered off, and their melling-point 
is determined. Since cholesteryl acetate melts 
at 114*3'^-114’8° (corr.),^ wliercas crystals of 
sitosteryl acetate obtoined from different S'lls 
and fats melt above 126°, the melting-point of 
the second crop of crystftls will furnish pre- 


limimry information as to whether cholesterol 
only, or sitosterol only is present. Ultimate 
l^reliance should not, however, be placed on the 
meltifig-point of tlie second cro}) of crystals, 
for in most cases it is necessary to rccVystallii^ 
the c^stals at l^ast three more times. If the 
melting-point of the fifth (or seventh) crop of 
crystals be found to lie below 115° or the 
absence of^itosterol may be regarded as certain. 
A gradual and distinct rise of the mel^mg-point!-, 
above 114”, in the successive , /wops of crystals, 
is the best indication as to the procedure to be 
adopted. • ^ 

A rapid method of sejuirating cholesterol and 
fjiytosteroi, devi-sed Wiiidaiis, is to treat the 
mixed fatty acids wit h di gitoiiin,* which ^irecipi- 
tatea charaoteristie digitonides of the alcohols. 
In a sim])]e modification of this test the 50 grins, 
of the melted fat are stint'd for 5 minutes at 
G0°-70° with 20 c.e. of a J •p.c. alcoholic solu- 
tion of digitoiiin, aivl the luccipitatc filtered off 
and converted into pliytostcryl or cholesteryl 
acetate. » 

The cbolestery] acetate test is absolutely 
relialile, and superior to all other tests aiming 
at tlie detection of vegetable oils and fats in 
animal oils, siuh as the detection oftcoconul oil 
in butter fat or ol vi'gc table fats ami oils in lard. 
The sensitiveness of this test is so gr»at thaf even 
1 p.c. of an added vegetable oil or fat can be * 
detected. 'I’his great sensitiveness lias led to 
endeavours to circumvent and render illusory 
the indicat.ions of the pliytostcryl acetate tost 
by adding to fats ailulterated with vegetable 
oils or fats, minute quantities of paraffin wax. 
For the dcteimination of such added paraffin 
ivax and the removal thereof, cS'ccJjcivkowitsch, 
lor. nt. 

Jf large quantities of unsaponifiable sub- 
stances have been mixed with an oil or fat — 


which 18 rearitly ascertained in the sapumficaUon 
test by obtaining an abnormally lowfc saponifica- 
tion value — then fraudulent admixture with 
solid or liquid hydrocarbons may be considered 
as established. iSoiid liydrocarbofis are recog- 
nised By their consistence and identified by thoir 
melting-points. Liquid ujpsaponiliable sub- 
stances consist of hjidrocarbons, belonging to 
one of the following three groujis ; — 

{a ) mineral oils, {b) rosin oils, (c) tar oils. 

. For the identification ^and approximate 
determination of these, *ec Lewkowiisch, Ch£m. 
Tcchn. 

Tl/e foregoing methods should luiable the 
analyst to identify the more cnmiiKWi individual 
oils and fats and recognise, them ■when mixed, 
and to determine approximately their relative 
proportion, but it must be boriM) ir^mind that 
the introduction of hydrogenated oils {q.v.) as 
commercial products has greatly increased the 
difticuity of the problem. In order to^faciMifcate 
the problem, tlie* following tables, arranged in 
the order of a practically natural system, should 
bo consulted. For a number of examples-^hich 
may be of assistance in the examrnation of com- 
•plicated mixtures, and for particulars of less 
known fats, rp. Lewkowitsch, loc. cit. 





Gm 


OILS (FrS^B) AND FAT^ 


Vegetable 


Characteristics 


l.i 


Oils 


Perllla 
Linseed 

Tuiij^ {n) (dilnesc . 

( 6 ) Japanese 
Ciimlleuut , . 

Hcmpseed . 
Walnut; Nut 
S<itllow('i 
Pojiny seed . 
SiinflcAver . 

Soya byan . 

■ CaincU'ie (Cernian 
Ir 5 ('sain 0 . 
Pumpkin seed 
Maize; corn ‘J 
=3 

£ Madia . 

Leech nut . 

^ Kapok 
rj 3 ' Cotton Bt'cd 

^ Sesann? 

5 Curcas, purging nut 
o 

Lrazil nut . 

' Croton 

I ]{avife>r)n 
I Hedge mustard 
ft Kape ((!olza) 

Black ifiustard 

S I White imial ard 

« i lladish seed . 

P3 

I Jamba 

. t'herry kernel 


Aprieot lo-rnel 
Plun^^keI■nel 

0\ Peach kernel 

1 

o Almond , ' 

S 

3* ^ AracHs (gttiund nut) 

‘P / Pi / 

§ Hazel nut . 

Tea seed 

> I Olive 

^ ‘Olive kernel 
\ Ben . 
g^^^g-f^rape seed 

’ Castor . 


Specific gravity 


1 Srdidl* 
I tying 
point 


“C. 


Melt- 

ing- 

point 


2(1 0 ' 0 PJOti 

15 r ohJi:* (10315; 

I ! 

15 M !n 1 ):P)()-() 01 : 12 ; 

15 5 I 0 025(’v I 

15 0 |o )l25r)-(l 0280 | 
15 0 1(1 025(1 11 02(H) 1 
15 5 1(1 0251 (1 0280 1 
15 0 id 0210 -0 027(1 
15-0 iO 0240-0 0258 j 


below 

-17 


; Ininnl ' 

'ill— 18: 


150 

1 5 (1 
J 5-0 
15-5 

15 0 
15 0 
IH’O 
15 0 


0 0242-0 9270 I 
(1 02 (lh- 0 ' 02 ( 10 ' 

0 02:17 

|(1 0213-0 9255 

0 0285 
(I 9200-0 0225 
0 0100 
1(1 0220-0 025(1 


-ISO 

- 18 5 
-8 (1 

- 1 8 0 

- 15 5 
-10 to 

-20 

- 12 0 
-17 0 


15 0 jo 0230-0 02.17 
15*5! 0 0204 ; 

15 0 I (10180 1 

15 0; 0 05011 

1 < ' 

15 5 ;o- 9183 -(r 0217 ; 
J 5 0 ‘ 0 01 

15 5 


1 5 0 
1 5 5 
J 5*0 
15 0 
1 5H1 
15 


0 91 : 12 - 0-9108 
(1 910 - 0'920 

e> 

0 914 -( 1 - 91 () 

0 9175 
0 9154 
0 9234 
0 '.1105 


15-0 10-9100-0-9195 


15 0 

15-0 

150 

15 0 

]5'0 

15-0 

15-0 

J50 

150 


0 * 018 - 0-9215 ! 

0 9175 - 0-0195 

0 - 9170 - 0-9209 

0 - 9140 - 0-9170 

0 - 9103 - 0 - 9-27 

■' 0 - 916 - 0-918 

0 - 0184 - 0-9191 

0 * 9120 - 0-9198 

0-935 

0 - 9600 - 0-0679 


0 1 I 

- lb 0 

-8 0 
-8 0 
2 to 
- 10 

- 17 

-8 to 
-16 

- 10 to 

- - 1 7 5 
- 10 to 

- 12 
-19, to 

-20 

-14 

- 5 to 

- 0 
below 
-20 
~JO k) 

-20 
-3 toO! 

-17 


0 ’ 
-lO to 
-13 
-10 to 
-A8 


Suponifica 
tion * able 


KUH . 
mg . 


180 0 
. 192-195 

103 0 

192 0 

192-5 
i 19 . 5-0 
I 180 0-193 3 , 
; J 95 0 

i 193'5 
j 192-7 

188 0 
I IS'il 
1 188-193 

i 192*8 
1 191-190 

I 181 0 
4 I 193- 195 

180-193 

; 493 2 

103-4 

1 210-215 

i 

1 174-179 

! 170-170 

i 

1 174 

! 170-174 

I 173-178 

- ' '72-3 

1 193-105 

192^-5 
191-5 

u (t* 

102-5 

191 

190 - 1 91 \ 

192 

189-195 
185-190 
183 
178-5 
183-186 


Iodine value 

Eeichert 
(R.) or 
Reichert- 
MeiBsl 
(dl.-M.) 
valm^ 

Insoluble 
atty acids 
+un 9 Apon- 
IQnblo 
matter 

Per cent. 

t’nN.-KOH 
e c 

Per cent. 

200 

1 171-201 

- 

95-5 

i 1,50 105 


92 2 

1 

i 103 7 

- 

95-5 

1 148 0 

i 145 0 

, 129 8 -J 49 9 
133 143 
! 119 135 

I 1.37 141 

-k?i 4 A,-M.) 
(J 
” 

0 . 5-4 

95-37 

95 2 
95-0 

95-5 

13 . 5 - 1 12 

12.1 i:?o 

1 113 - 1-25 

- 

4 - 5 (R.-M.) 

90-2 

93-90 

1 117-119 

; 104-111 

1 110-0 

: 108-110 


95-2 

94 9 

95 - 90 

103-108 

1*2 (R-M.) 

95 - 7 * 

98-110 

0-5 (R.-M ) 

; 95 3 

90-100 
102 r ] 04 

101-122 

105 

94-102 

12 - 13-0 

(R-M.) 

— ii 

0-3 

89 0 

95‘1 

! UC^iiO 

- 

05-1 

1 92-97 

- 

96-2 

j 93-96 

0-33 (R.-M.) 

95-9 

95-4 

- 


110-114 

- 

- 

00-108 

93 -: 3 - 100-3 

0 

95;4 

03-109 

__ 

— 

93-97 

__ 

90-2 

83-100 

- 

95-8 

83-00 

Tf. 

88 - 92-7 

0-99 (R.-M.) 

95-6 

91-5 

79-88 

T 0-3 

95-0 


87-4 

82-0 

oo-d 

'♦83-80 


0-46(ll.-M.)| 
1-4 


92-13 



OILS (FIXED) AJID FATS, 


M7 


OtLS. 





1 Variables 

r 



(/’haracterwtics of latl.y 

icuIh > 

— 

— 


Refraction 

j 



i 


1 


1 



> 

1 




lAeotyl 

value 

Acetyl 

vtilue 

Acid 

value 



1 . 


MeKliig- 

puuit 

l^eutiali- 

sation 

value 





n — 

B«tyro' 

Specific gravity 
n a 

boiidilying 

point 

Ic’ine value 

Refraction 

lefractometer 









1 





Seal*' 



KOH 

"C. 



1 '*’ii.re 


, TvOK’ 

1 Total 

! Liquid 




division 



UIK 



ing 

tatty 

1 fatt/i 

T. 







0 




1 acids 

acids 



•'() 

U) 

81-00 

72'5 


;>-08 

O'H-S 4 

15 5 

0 !‘2‘)3 

13 17 

10 J 
2(» 0 

17 21 

107 

1V7 

210 0 
170 182 

j 

! 100 201 

60 

1-4640 


' — 



7 0 12 

— 

-- 

31-34 

o7 

31 ; 13 8 

188 8 

144 150 

1 


- 

15* 

70 0 


0-80 

8 1 

1 

- 

- 

1 5 0 


20 21 



1 



— 

-- 


__ 


- 


1 1.0 

16 6 

18 10 

_ 

1110 




10 

10 

(14 H 
(i5‘2 

- 


i O.I.J 2(» 



1 too 


K) 18 

— 

1 50 0 

167 

— 


10 

(>;i 1 


~~ 

, 0 7-11 

100 

0*8880 

1 0 5 ' 

16 2 

20 5 

LOO 

130 0 

150 

60 

1-4506 


72 2 



i 112 

— 

-- 

18 0 

- 

22 21 

201 6 

1-24-131 

1 54 3 

60 

1-4531 





1 5 



24 0 


28 0 

— 

110 0 

1 — 

—■ 


- 

- 




- 


1 1-13 

: - 

IS 20 


1 3(. 8 

-165-4 





-*> 

70 2-72 5 

““ 


1 7-20 0 



21 5 


28-20 

107 

- 




■ 







h) 1 1 

i 

IS JO 

198 4 

1 10 5 

140-144 

-- 

— 

- 

— 

- 


i - 

- 


20 22 


23-20 

_ 

120 7 

1 









1 — 



17 0 

— 

2.1-24 

— 

11 10 





- 

— 

— 


— 


0 011)2 

24 -23 


20 0 

101 

1 08 0 

j 





07-0- (30 1 

08 -0 


7 (1-18 

1 0 

1 

15 5 

0 0200- 
0 0-10 

32- 35 

32 35 

35 38 

202-208 

Hi 115 

1 147-lal 

1 

60 

1‘4400 



-- 

(1 2.1 

— 

— 

23 5 

22 0- 

26 32 

200 4 

110 45 

129-136 

69 

1-4401 





00 (!) 




23 8 






Ll5 

05 0 


7 5 

0 7-8 5 



20 5 

28 

'>7 .3- 

_ 

105-1 

' 





10 

50 5 






25 7 


30;') 





' ~ 


~ 

10 32 

" 


— 

31 1 

— 

28 30 


108 0 

_ 




‘ ' 

' 





10 7 

10 


201 

1115 

* — 

— 


1,0 

7;i 74 

70 5 7 IT) 

c 

» — 

1 8-1^ 

100 

0 8802 

- 



- 


121 2 

-L 

- 

•2C> 

08 0 


14 7 

1 4-13 2 

100 

0 8758 

10 0 

12 13 

1(1-10 

185 

09-103 

124-125 

00 

1-4991 

^0 

59-5 

— 

- 

1 3(^ 
7-35 

— 

- 

15 5 


1 6 0 

- 

100 6 

. - 


~ 

10 

58 5 


“ 

5 4 



- 


15 16 

— 

05 3 

— 

— 


10 

57'5 

9 


14-5 

- 

- 

15 13 

- 

20 0 


lf7 1 

— 

— 

— 

- 

— 


__ 

-- 

— 

“ 

10 1 1 


10-21 

173-0 

0(j-l 

— 

— 

— 

- 

— 

“ 

— 

- 

— 


4 5-13 

- 

10 21 

00 

109 0 

124-7 

— 


Uf) 

OO-O 

__ 

__ 

0-04 ® 

- 


0 


3-4 

194 

103-0 

111-5 





“ 


0 55 


--- 

15- 13 

““ 

2(*-22 

200 5 

1030 

98 6 

— 

— 

25 

00 1-07-2 

-- 


— 

— 



13 

!(/ 18 

200-9 

94-101 

,101-9 

__ 


25 

04-4 







13 5 









— 

— 

- 

5 0 

10 1 

13 1 1 

204 

9;i-96-5 

I 

'-A 01 7 

60 

1-‘401 


60-07'5 







11 8 






26 


' 

V5' 

100 

0'8700 

26/; 

20 2 

27 7- 32 

201-6 

96- 103 J 

105-128 

J 

60 

1-44C1 

— 

— 


3-2 

— 


— 

19 20 


22-24 

200-6 

90-3 

91-3-97-6 

- 

- 

26 

02-4 



10-04 

■j1-9-60 

100 

0 8749 

22-17 

17 2- 

24-27 

J193 

80-90 

93-5- 

> 

60 

1-4410 









26 4 




103-5 


_ 

' — 


■“ ■ 

2 3'5 

— 1 

— 

— 

— 

— 

— 

— 

— 





■ — 

' — 

— 



► _ 

— 

— 1 

— 

— 




^ > 





■- 


— 


10-2’ 

— 

— 

20-18 


24-0 

187-4 

99-0 

— 

— 

— 

26 

78 

146‘7- 

160 

~ 1 

0-14- 
U 61 

15‘5 

0-9509 

30 

— 

130 

192-1 

87-93 

106-9 

60 

1-4546 



6S8 


OILS fFII^D) AND FATSj 


VeoktablS 


('haract eristics 


Fat 


Liunol oil Kioup ^ 

Laved . ^ 

I Mowrahsecfi 
Mahua butters 
Mowrah butter 
Jllipe butter 
Macassar oil 
Kubum oil 
Palm oil 
Phulwura butter 
Myristlca Kioup 

Mace butter (Niit- 
mep butter) 

/ Shea butter (Gala in 
^ I butter) 

, Mkaii.si fat 


:|lalabar tallow 

Cacao butter . 

Chinese vopetablc 
tallow t . 
Kokum butter ((toa 
butter) 

V Borneo tallow ^ 
f Mocaya oil 


n 3 Maripa fat 

52 r 

1 Palm kernel oil .) 

Palm nut ml . ^ ( 

L ^loeonut oil 


Sijccifle gravity 


u o 1 


If) n 
15 0 

. 100 0 1 

tioo-1) 


15 0 
100 0 


1 5 0 
15 0 


15 0 
15'0 


15-0 
B)-0 
(15 = 1) 


0 03^2 
0 0175 
OHOSl 

0 0240 

I 0 021-0-0245 
1 0 8070 

0 945-0 006 


0 0175 
0 0208 

^0150 

0 y500-0'97G 


0 0180 
0 8052 


Solldilying Melting- 
point poiiil f 


Sapomllea , Iodine 
tion value 1 value 


45 e* IDika oik (oba oil, 
cj o ( wild niai^go oil) . 
a & Japan wax 
Q ^ 

Myrtle wax . 


100-0 
(15 5 = 1) 
15*5 

(15 5 = 1) 
40 0 

(15'5 = 1) 


15-0 

150 


0-8686 
0 0520 
0 9115 

0-8200 

9700-0*9^ 

0-995 


i IHHOlublo 


(K.)or 

Reichert-, 

Meissl 

(R.-M.) 

value 


“C. j 

1 

°C 

KOH mg. ] 

’cr cent. 

r 

l'nN.- 

roil c.c. 

! -J 



— 


j 25-0 

32-3 i 

197-9 ! 

68-80 

I'O 

j 3C« 0 

42 0 

188-192 

50-02 

— 

1 19-22 

28-31 

190-194 

53-67 

n 5-0-0 
(R.-M.) 

10 0 

22*0 

221-5 

48 55 

— 



27 42-5 

106-202 

51-5 

0-5 

— 

39 0 

190 8 

42 1 

U'44 

41-42 

38-51 

154-191 

40-62 
(.50 -81) 

1-4-2 

(R.-M.) 

17-18 

25 3 

170-192 

56f) 

— 

38-0 

40-41 

190 5 

41-9 

1 21 

(R.-M.) 

30 5 

, 36 5 

188-7-1 tft 

• 38‘2 

“ 

23-21 5 

28-33 

1 193-55 

32-41 

0'2«)0-8 ’ 
(R.-M.) 

27-31 

36 -46 

200-3 

28-37 


37-6-37-9 

4! -42 

187-191 

33-6 

0'1-1'5 

(E.-M.) 



35-42 

— 

(31 ?) 

— 

22 0 

24-29 

240-6 

24-63 

7’0 

(R.-M.) 

24-125 ' 

^ 26-5-27*0 

270-5 

17*36 

4*46 

(R.-M.) 

^20 5 

• 23-28 » 

242-250 

13-14 

6-6 

(R -M.) 

22-14 

21-24^^ 

246-26(f 

8-9 5 

7-8 4 
(R.-M.) 

34'H 

r •f 

41-6 

— 

31-1 

— 

) 1 48-5-53 

50-54 

217-237*5 

4-9-8-6 

“* 9 

i 39-4^1 

40-44 

208 7 

0 



fatty acids 
-Ir unsapoul 
flablo 
matter 


Per cent. 


94-76 

91-82 


94-97 

94-80 


94-76 
95 65 

n-2-0-44 

(R-M.) 

94-50 


88-88 
17 - 6 - 91' 1 
88 - 6-90 
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qjLS (FIXED) AJID PATS, 


E^ts. 



• 












. ^ _ 


— - 

1 Variables 



^ QJiaracteristics of i^tty a(*ids ^ 

• 


llcfraction f 

- ^ 

t 



1 

1 









; 




1 


Melting- i 
point 

Nentra- 





Butyro- 

Acetyl 1 
value 

Acid 

value 

Spccitlc Kravl^ Solidifying point ; 

iisaflon 

value 

Iijfline value 

llcfriictlon 

ref I'll cto- 
• meter 




• 

1 

1 

* 


! 











— 





1 


1 





1 

1 

Total 

Liquid 

i 


1 

“C.j 

Scale 

liviKions 

1 

OH m» 

• 

“C. 

"C. 

Titre "C. | 
• . > 


KOH mg 

fatty 

acids 

tatty 
acids 1 

' r H 






20 3 



1 

15 1 




8J-8 


-i' 

— 



— 


34-5(1 

— 

— 38- 40 

40-3 

45 0 i 

- 

50-6 

-- j 

— 

— # 

40 

521 

- 

_ 

— 

— — 

__ 

— 


* — ■ 







0 2-35-4 





51-6- 53-2 

52 55 

191-0 

50-58 

103-2 

- 





18-0 

24-200 

100 0 

0 8701 

35 9-45 5 

47-50 

205-6 

53-3 

94-6 

““ 

z 

40 

48-2 


— 

— 


~ 







40 

48-85 

- 

17-44-8 

■- 

40 0 

42 5 

42 5 

— 

— 







29-4 


38-0 

53 8 

58-0 

_ 

56- 57-2 

— 

- 

- 

_ 

— 

__ 

23 3 

— 

57-5 

((J-5 

r.i)-oi-6 

— 

42 1 






_ 



38 0 

• 

• — 

54 8 

__ 

r.«o. 


— 

— 

— 

• — 

40 

40-47-8* 

2‘» 

1 1-1-88 

-- 

— 47-45 

48 3 

1 48-50 

190 0 

33-39 


60 

1-422 




2-7*5 

• 


45 2-53-6 

1 53-57 

182-208 

30-39 


~ 

— 

25 

1-4028 

z 

^ 21-0 

- 

— 59-4 


i ® 60-61 

198 9 





- 

- 

z 

20-0 



53-5-54 
— 22-20 


23-25 

2:)4-0g 

1* 


z 

- 



• 



100-0 

0-8230 25-y * 

• 

27-5-28-5 

- 

! 12-15 

— 

--*■ 

~ 

40 

36-5 

1-9-8- 4 

• 

8-36 

(15-5 = 1) 


20’5-^5-5 

25-28 6 ; 

1 1 

268-204 

: lii^ 

— 

60 

1-4310 

40 

+ ^4 

0-9- 
1 12-3 

5-50 

<^90 
(15-5 = 1) 

1 

0-835^ 1 20-16 

22*5-25-2 

1 25-27 

258- 266 

1 8-4-9-3 

18-6 

• 

60 

«i^95 


- 

- 

19-6 

7-33 

98-99 

•• 

0-8480 |53-0-56*6 

• 

59-4 

66-62 

213-7 

* _ 

•” 

— 

— 



\l-2 

! 3-4-4 

(15-6 = 1) 

— I 40-% 

• — 

47*6 

; 230-9 

• 

- 

i ~ 





# 


1 


[ 



1 



— - 


! 


• ' 

• 


' 



- 
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690 OILS (Fi:?rED) AND FAT^. 

( Akimal 





‘ 

} 


Characteristics 

, c 




011 a 

Specific gravity 

Solidi- 
t fying 

point 

Melt- 

ing- 

point 

Saponification 

value 

Iodine value 

Reichert (R.) 
or Reichert- 
Melssl 

(R.-M.)value 

Insoluble 

fatty 

acidu 

unsapOTi- 

ifiable 

matter 


‘ 

°C. 


"C. 

‘’C. 

K.OH mg. 

^ Per cent. 

AN.-koh 

c.c. 

Per cent. 

A 


/ Menliaden 

ir,-5 

0 J27^0-933 

- 4 



100-6 

139-W3 

1-2 




HarUino 

13 

0 1)330 

— 

— 

— 

161-103 

— 

94-5 


Japanose Sardine . 

13 

, 0 91 00 

— 

20-22 

189 8 -192-1 

100-164 

— 

96-97 

0 / 

Salmon , 

1 3 3 

()-(. 2 r )8 

— 


182-8 

161-4 

0-55 

95-02 


JFernnK 

1;') 5 

0 U202-0 939 

— 


171-194 

123-5-142 

— 

95-64 


Stickleback . 

— 


— 


’ - 

102-0 

— 

95-78 


Sturficon 

l.f, 

0 9236 

— 


186-3 

125-3 

— 

— 


^ Sjirat . 

1.V5 

0-9284 

— 


— 

— 

— 

, — 


/(tod liver 

] 5 

0 9210-0-9270 

0 to -10 


171-0-1 89 

167 

— 

95-3 


Skate liver . 

15 

0-9307 

— 

__ 

?,85 4 

157*3 

— 

94-7 


Tunny liver . 

— 

— 

— 

— 

— 

155-9 

— 

95-79 

0 / 

Shark (arctic) 

1.^) 

0-9163 

— 

— 

161-0 

114-6 

__ 

80-9 , 


Coal fish 

15 

0 925 

1 — 

— 

177-181 

137-102 

— 

— 


Hake liver , 

1.5-.5 

0 9270 

— 


— 

— 

— 

— 

yA 

^ Hay liver 

1 5 5 

0 9280 


— i 

— 

— 

— 

— 


,Linj? liver 

15 

0 9200 

— 


184-1 

13-2-6 

— 

I — 

rti 1 

/seal . 

15 

0 915,5-0 9263 

- 2 to ~ 3 


189-196 

127-141 ' 

' 0-07-0-22 

95-45 

I 

Whale 

Dolphin black Ush 

15-5 

0-9250 

under - 2 > 


188-0 

121-130 

0-7-2-04 

98-5 


Body oil 

15 

0-9180 

under —3 

— 

197-3 

99-5 

6'0 

&3-07 


Jaw oil 

— 

— 

— 


290 

32-8 

65-92 

66 28 

3 ’ 

\ Porpoise, Bod> oil. 

■ ' „ Jaw oil . 

j Sheep’s foot 

15 

0-9258 

-16 

.... 

195 

— 

23-5 

— 

w 

15 

0-9258 

— 

— 

254-272 

22-50 

47-77-65 8 

70 23 

t) 0 

15^ 

0-9175 

0-15 


194-7 

74-2 

— 

— 

1 Horse’s foot 

15"^ 

0-913-0 927 

— 

— 

195-9 

73-8-90 

— 

— 


) Neat’s foot , 

15 

0 91 1-0 916 

0-15 

' — 

194-3 

69 -3-70-4 

— 

— 

0.2 

(Egg . 

15 

1 

0 9144 

8-10 

22-25 

184 4-100-2 

68-5-81-0 

0-40-0-7 
(R.‘M ) 

95-16 


Anima 


CharactcriHtics 








.Solidi- 

fying 

point 


Saponifi- 

cuilon 

value 


Reichert 

or 

Reichert- 
Meissl 
(R M.) 
value 

Insoluble 

Refraction 


Fat 



Siiociflc gravity 


Iodine 

value. 

fatty acids 
+un‘'apon* 
ifiable 
matter 

Butyro- 

refracto- 

meter 





°C. 


°C. 

''C. 

KOU mg. 

Per cent. 

AN- 

KOII 

c.c. 

Per cent. 

"C. 

Scale 

division 


( Ice bear . . . 



15 

0-9256 



]a7*9 

147-0 








( Rattlesnake . . 



15 

0-9217 

— 

— 

210*9 

105-6 

■ — 

— 

— 

- 


! Blackcock . . 

/' 


15 

0-9296 

“ . 

“ 

2Ul’a) 

121*1 

2-1 

— 

— 

— 

iD 

g 

. 



15 

0-9349 

17-23 

35-40 

20()*9 

102*2 

1-59 

95*4 

4Q 

49-0 


Rabbit, wild . 



15 

0-9393 

17-22 

35-38 

199*3 

99-8 

0-7 

— 

— 


Rabbit, tame 



15 

0-9342 

22-24 

40-42 

' 202*6 

67*6 

2*8 

05-5 

40 

40-0 

i 

Wild duck . . . 



— 

— 

l.^-20 

— 

198-5 

84-6 

1*3 

— , 

— 

— 

0 

\ Domestic duck . 



— 

— 

22-24 

36-39 

— 

68*5 


— 

— 

— 


' Horses’ fat , 



16 

0-9189 

48-30 

»’-54^, 

196-197 

71-80 

,v.0-2-O*4 

05-90 

40 

63-7 


^ Horae mari;nw frt 



15 

0-0204-0-9221 

24-20 

35i'39 

199-8 

79*1 

1*0 

— 

— 


5 

1 Domestic goose . 



15 

0-9274 

18-20 

32-34 

i 193*1 

67-71 

0-98 

95*0 

40 

50-50- 

rt 

Wild goose , . 



15 

0-9168 

18-20 

— 

196-0 

'”*.9-6 

0-2-0-3 

— 

— 


1 

•o /Hog, domestic 



15 

0;93:t-0-938 

27-1- 

36- 

■'95*4 

50-70 

(R.-M.) 

93-96 

40 

48-6- 

V 

SS{ 

1-5 (Hog, wild 



16 

0-9424 

<29-9 

22-23 

40 6 
40-44 

195-1 

76*6 

0-68 



61-2 

a 

Beef marrow 



16 

0-9311-0-9380 

31-29 

37-45 

199-0 

66*4 

1*1 

— 

— 

— 

iz; 

Bone .... 



16 

0-914-0-916 

15-17 

•21 22 

190-9 

46-5o*8 


— 

— 

— 


Tallow, beef , 



16 

0-943-0-952 

35-27 

46-40 

193-2- 

88-46 ' 

0-25 

95*6 

40 

49-0 


^ Tallow, mutton . 



15 

0-937-0-953 

86-41 

44-45 

200 

192-195-2 

36^40 

‘ _ 

96-5 





a*. 

( Butter . . , 



16 

0-926-0-940 

20-23 

28-33 

227 

26-88 

lC-6- 

86-6- 

40 

41-41 

1^- 

i Stag .... 

• 

• 

16 

0-9670 

( 

39-48 

49-52 

199-9 

20-5-25-7 

15-2 

1*66 

89*8 

40 

44-5 


' lOiuopean lards. 
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i^OILS (FIXED)^AKD FATS. 



Vari|^blo^ 

' ’characteristics of fatty" agjids 











• 




RMraction 1 







ly el ting. 1 



« 





Acetyl 

value 

Add 

value 





point 

Neutrall- 
sttiOD 
' vidup 





m 

Butyro- 

refractometer 

Specific (^avily 

_ _ I 

Solidifying point 

Iodine value 

« 

• 

Refraction 


Scale 

divisions 


1 

Kon 

mg. 



“C. 

Titre 

! 

• 

“C. 

KOH 

mg. 

Total 

fatty {^ds 

•Liquid 

fatty 

adds 

°0. 



• 













— 

• — 


• 

114 

4-21 

10-35 




— 

— 

* — • 

_ 

— 

— 




z 

180 







28-2^ 



1 









26 

78 

— . 

— 



— 


— 

* — 

— • 

19F4 

— 

— 



— 

1-8-44 







— 

178-5 


— 1 

— 

— 

— 

— 

— 

21 


• • 



— 

181-5 

Z 

— 

— 

— 

25 

76 

4-8 

1-25 

Z 

z 

Z 

18-4-24-3 

21-25 

204-2tt7 

; 130-5-170 



60 

1-4521 




10(5 

— 

— . 

% 

— 

1 

— 

— 


— 

— 

— 

~ 

— 

11-9 

0-2-34 

- 

— 

• 


— 

177-0. 


— 

— 

— 

— 

— 

— 

1-2G-1-08 

— 

__ 

— 

— 

~ 

-- 

• 

z 

— - 



— 

““ 

__ 

^ 11-0 

“ 

— 


__ 



— 

— 

z 

— 

z 





IOTj * 

^ l-^-40 

— 



15-5-15-9 

22-23 

193-2 

— 

— 

— 


25 

70 

— 

0^-37 

100 

0-8922 

— 

2»9 

27-0 

— 

131-2 

144-7 

— 

— 

• 










_ 








• 





— 

— 

— 



— 

z 

— 

— 

— 

— 


• 







• — 

5-0 

— 

— 

— 

— 

— 

— 

•— 

_ 

— • 




— 

— 

— 

— 

— 

— 

21-1 

— 

— 

• “ 

— 

— 

— 





13 0 

— 

— 

— 

— 

28-6 

— 

— 

— 

— 

— 

— 





22 0 

— 

— 

— 

— 

26-1-26-5 

29 8-30-8 

— 

01-98-63-26 

— 


— 

25 

68’6 j 


1*2 





34-39 

194-9 

J2-9 





Fats. 


Variables 

Characteristics of fatty acids 




• 

• 




• 



1 


cetyl 
- value 

Add 

value 

K Specific gravity 

Solidifying point 

Melting- 

point 

Neutra- 

lisation 

Iodine value * 

Refraction 




• • 



value 


• 









• 


Total 

Liquid 

fatty 




KOH mg 

”C. 


*C. 

Titre T. 

“C. 

KOn mg 

fatty 

“C. 









^ acids 

acids 




~tr* 

• _ 



• • 

_ 















* 



• — 

— 



— 


— 

— 


5-9 

15-0 

0-9374 

^5-28 

— • 

80-33 

199-3 

120-0 •# 

— 

— 

— 




• 







Butyro-ref, 


. 2-73 

^ 15-0 

0-9361 

36-40 

— 

44-47 

209-0 

93-3 

— 

40 

• 36 


7-2 

15-0 

0-9-246 

85-36 



39.-41 

209-5 

101-1 


— 

Butyro-ref 


•• • 






40 



6*2 

15-0 

0-9204 

. 37-39 

_ 

40-42 

218-1 

64-4 


86 

— 



— 

80-31 

— 

36-40 

— 

• 

— • 





0-2-44 



0-9f82-0-9289 

97-7 

• 3^ 

87-5-39-5 

202-6 

84-87 

— 

— 

— 


1-0 

15-0 

• 86-34 

t- 

42-44 

210-8- 

71-8- 

#— • 

— 

— 



• 


217-6 

72-2 

— 




0-50 

15-0 

0-9257.. 

31-32 

' — 

38-40 

202-4 

65-8 

— 


— 

— 

0 86 

15-0 

o-925r 

33-34 

— 

84-40 

196-4 

65-1 

( 

92-1)1 


1-4795 

2-6 

0- 54- 

1- 28 

99-0 ^ 

•0-8445 

•89-(^ 

41-42 

43-44 

• 


64-0 < 

90-106)^ 

22 

Oleorefr. 

-30 


2-6 

15-0 

0-9383 . 

32-6-33 5 

— 

89-40 

203-6 

81-2 

^ — 

— 

— 

4-2 
11-8 • 
2*7-8-6 

1-6 

29-6-53 

15-0 

0-9800-9-9340 

! 87*14-38 
28-0 

• 

«L* 

44-46 

30 0 

204-6 

200-0 

55-5 

55-7-57-4 



z 

8-5-50 

100-0 

t)-8698 

37-9-. 

43-44 

197-2 

41-3 

92-4 

^60 

1-4876 

1*7-14 

(10Cf=l) 

• _ • 

41-0 

46-2 

40, 15-48-2 

49-50 

210-0 

34-8 

02-7 

60 4 

► 1-4374 

1-9-8-6 

0-46- 

37-75 

• 0-9075 

38-38 


38-40 

210-220 

28-31 

■ — 

60 

1-437 


36-38 

3-5 

(16-5=1) 

15-0 

0-9685 

« 

*46-48 

• 

60-52 

— • r 

201-3 

23*6 

* 

— 

— 

— 


Agierlc&o lardsf 


J. L. 
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OI|iSTONB. 

OILSTONE V. Whetstone. j by me^ins of ether. During the preparation of 

OITICICA OIL. A^rying oil extracted from i commercial fustic extract, the solution on stand- 
the seeds of Conepia (p^aiMifolia^ found in ^raziUJ, ing, or the concentrated ext/act itself, deposits, 
The oil i? ptosent in the kernels to the extent of I as a rule, a brownish -yellow powder, which con- « 
(l2p.c.,i88erai-soIidatordinary temperatures, and i sists princimlly of a mixture of inorin and its 


of a bright yellow when liquid. M.p. between 
2T5'' and j*' iodine value, 179*6; sapoiiili- 
cation value, 188 () ; frt'iC fatty acids, as oleic, 
5*7 ; unsafionifiable matter, 6*91 iflc. ; sp.gr. 
0*9li94 at 16‘67l6*r)". Ra])idly absorbs oxygen 
from the air wneu liquid (Bolton and Kevis, 
Analyst, 1918, 251). 

OKRA, also called guni^io ; Uihiscvn cscu- 
Icnlus (Linn.), an anniu^ plant bearing edible 
pods. ^Zega (^diem. Zeit. 190(?, 24, 871 ) fouirl, 
as the average of 4 analyses — 

Water Protein Fat N -free extract Fibre Asli 

80*7 4-2 0*4 12 1 1-2 1*4 

According to Aine/iean aiutlyses (Bull. 28, U N. 
Dept, of Agric. 1899), the/‘(iible portion of tin* 
pods, used largely as a vegetable in America, 
IS much more watery, as shown by the following 
ligures : — 

Water Protein Fat N-frec extract Crude fibre Ash 
90-2 I’O 0*2 4*0 ,3*4 0*(i 

whilst, according to the sunu' authority, 'eaniu'd 
okraJ conta^s — 

Water Protein Fat N-free extract C'riKlo fibre Ash 
94*4 0'7 0*1 , 2*9 0*7 1*2 

(v. Tinsley, Amer. Chora. J. 1893, 14, 625). 

11 . 1 . 

OLD FUSTIC is the wood of a tree known 
as the Chlorophora iinclorui (daudish), pre- 
viously nailed Morm iinctona (Lmn.) which 
occurs wild in different trojucal regions. The 
tree frequently grows to a height t>f over 60 
feet, is exported in the form of logs, sawn 
straight at both ends, and usually deprived of 
tife bark. The best qualities of o^.l fustic eonie 
from Cubfi and the poorer from Jamaica and 
Brazil, It is at the present time used very 
largely, andj together with logwood, is tlie most 
important of the natural dyestuffs. ^ 

The colouring matters of old fustic were 
first investigated by Chevreul (Le9ons de ehimie 
appliqu6e a la teniture, 'll. 160), who described 
two substanbes, one sparingly soluble in water,', 
called moriiiy and a second somewhat more 
readily soluble. A/agner (J. pr. Ohem. fi.] fill, 

termed the latter moriUxnmc acid, and ! 
considereji that it possessed the same percentage 
composition as morin. IJlaziwotz and Pf aundlcr 
(Aunalen, *127, 351), on the other hand, found! 
that the *o-eallediraoritannie acid wa.s not an j 
acid, and as moreover its compo.sition and j 
propertied wL’e quite distinct from those of 
morin, they gave it the name of ‘ Maclurin.’ 

Morin Ci5Hio07,2HoO. To isolate this 
colourirtg matter from old fustiaa boiling extract 
of the rasped wood is treated with a htti« acetic 
acid and then with lead acetate solution. This 
caiises the precipitation of the morin in the form^ 
of its yellow lead compound, whereas the main 
bulk of the maclurin remains in solution. The 
vMshed precipitate in the form of a thin cream 
is run into boiling dilute sulphuric acid, and, the 
hot liquid, after decantation from the lead 
sulphate, is allowed to stand. Crystals o^crude 
morin are gradually deposited, and a fi^tner 
quantity can be isolated from the acid solution 


j calcium salt, apd this forms the best source for 
I the preparation of large quantities of the colour- 
ing matter. The product i^ digested with a 
little boiling dilute hydrochloric acid to decom- 
I pose the calcium cfflnpoumJ, extracted with 
' hot alcohol, and the extract evaporated. Cry^als 
, of morin sfqiarato on' standing and a further 
I quantity can lie isolated by l^ie cautious addition 
of a littlr boiling water to the mixture. 

\ Crude inojan can be partially purified by 
I crystallisatioq from dilute alcohol or dilute 
, acetic acid, bu^. ijie product usually contains a 
. trace »tf maclurin. To remove the latter the 
, liiu'ly pow(l(‘rc(l substance is treaf.cd in the 
I prose lice off a little boiling acetic acid with 
j fumkig hydrobroinic acid (oi- liydrochloric acid), 

I which prc(‘i])itaica the moiiii as halogen salt, 
wheri'as the maelurin riunanis m solution 
‘ ( Bablich and IVrkiu, CIkmu. Soc. Trans. 1896, 69, 
792). The crystals are eollecteck' washed with 
^acetio acid, decomposed by ^ water, and the 
r(‘geuerated iijorm ery.staliised from dilute 
alcohol. 

Morin crystallises in colourless needles 
(B, and P.) readily soluble in boiling alcohol, 
soluble in alkaline solutions with a yellow 
colour. Lead acetate solution gives a bright 
' orauge-colour<‘d precijiitatc and ferric chloride 
! an olive-green coloration. 

Loinve (Zeitseh. anal. Phem. 14, 1 12) was tho 
first to a.s,sign to inorin tho formula PisUmO?, 
and that thi.s was correct was shown by tho 
j aualyshs of its coinjiounds with mineral acids 
i(IVridn and Pate, (3iem. Soc. Trans. J895, 67, 

1 649). The /ii/d)ochlofidc, hi/drobromidc, ami 
Iii/driodide arc obtamiAl in orange-colimred 
needles, and jio.ssess the formula) CiyDio(i/lI(3, 
and but the 

sulphuric acid compound, known as unhydro- 
irarrin sulphate Cj^HgOg'HgSO^, orange-red 
needles, is of an abnormal character. Mono- 
polassium morin (JjgHpOyK, yellow needles, 
monosodium morin CjsHjOyNa, mugne'<‘fum morin 
(^'iijH^OyljMg, orange-yellow neodles, and 
ban, urn morin (CigHjOylsjLa, orange crystalline 
powder, haVe also been prepared (Perkin, 
Chcni. Soef-Trans. 1893, 75, 437,) 

When an alcoholic solution of moriii is 
^treated wl'kh bromine (Benedikt and Hazura, 
Moiiatsh, 6, 667 ; Hlaziwetz and Pfaundler, .1. 
1804, 567) it is converted into tetrabr^-morm 
*'ithyh ether Ci5H6Br/),Et,2HgO, colourless 
lYeeillcs, m.p.' 166° (Herzig, Monatsh. 18, 700), 
and this when digested with stannous chloride 
and hydrochlori(*^'aeid gives leirahromo-morin 
(B. and IL), colourless needles, 
m.p. According to Parkin and Bablich, 

this latter compound is more simply prepared 
by 'the direct trom^nation of morin suspended 
m acetic acid. < 

By the action of acetic anhydride, according 
to the usual meth'bds, a Colourless amorphous 
product results, and a crff^stalline pentacetyl- 
morin has not yet been prepared. Cold acetic 
anhydride, ho wever^ converts the monopotassium 
salt of the colouring matter into tetra-acetyl morin 
^16^«D7(C2H30)4, colourless prismSitic needles, 
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m.p. 142°-] 45°, but this on further acetylation 
giv^ea an amorphous compound. 

Tetrabromomoilti, on the other hand, yields 
• a penta-acetj^l dfrivUtive (Bablich and lYrkin) 
Cj6HBr,07((JoH30)5, colourless noddles, 192°- 
194°, and it was subsequently fijund by Herzig 
that totrabromomorin ethyl ether yields the 
compound Ci5Ui^407Et(Cai30)4, m.p. 116°- 

By fusion with alliall* monn gives phloro- 
ghi^nol (H. and P.), and rcsornnol (B. and D.), 
whereas in thi% manner* Bablich Ind Perkm 
•olated ^•rp.sorct/lw arid. When mcthykiied 
with methyl lodido morin tefrnmrlhyl ethn 
^16 W(jO.,(()CH.j )4 (B. and P.), jifdlow needles,^ 
m.p. i.'i]°-132°, 13 produced, bi^^t is isolated 
with dilliculty, and from thin <K)mpound with 
alcoholic potash a yellow potassium salt, readily 
decomposed by water, is obtained. Mono- 
aatijltriramdhylmonn 

colourless nee^es, melts at 11)7°. ’• 

Morin tetraethyl ether 
(Perkm and Phipfis, (diem. tSoe. Trans. I!U>4, 
85, 6n, yellow needie.s, m.]i. 126°- 12S'', and 
acvtylmori ntef^etl^yl ether, 

Ci5H,0,(0CJ1,)4(',H/) 


aminomoriii pentamethid ether, colourless hexa- 
goAal plates, m.p. 204 -1^5°, the platinichloride 
•(CiioH^^iOvNjaH^PtClg, or# which forms stout 
yellow prisms. Attempts to prepifte, the hy- 
droxy compound frohi this amino dcrivati^% 
were ifnsucce.ssfifl. Aniinoinonn 

obtained lAmi the nitropentamethyl^ether with 
hydrio«lie acid is yellowish-brown and dissolves 
in alkalis to form a brownisl#yellow solution. 
Che hydriodide ( ^ji-l ,0 (OK)5NH/HI,H/.) cry- 
stalli.ses in aquar^ fi^itclets (Pi*rkin and Watson). 

Kostaneclvi, Lampe and Tambor (Ber. 1900, 
3ii, 625) have sjjrnthcifiHed monn by r^vetions 
similar to those found serviceable tn the artificial 
preparation of lisetin and quercetin (5ce Young 
FUSTIC and Quercitron bark), but in this case 
the formation of tj^e flavanone did not pro- 
ceed smoothly and only a small quantity could 
be prepared. The synthesis is illustrated by the 
following formulae — 

OCH, • 

C 1 1 jO / N— ( )U ( !H-/ \ ( )(::H 3 

I I II ^ 

i ;-~4^0-cdi 


colourless needles, m.p. 12r-123°, could only 
be prepared in small quanfity. 

When 7nonn tetramelhyJ ether is hydrolysed 
with alcoholic potash ^-ree>orcylic arid dimethyl 
ether, and phlorofjlucimdmotwinethyl ether are 
produced. Bablich and Perkin assigned to 
monn the constitution of a pcntahydroxyjlavone 
(totrahydroxyflavoiiol) — 

,0 


OHr" 


X/Xcq/ 

OH 


C'OH^ 


OCH;, 

2'-hydr()xv-‘l . 6 : 2' : 4'-tctraTnethoxyclia)kftni!. 

OCH3 


CH3O 




^CH-<^0CH3 

1:3:2'; 4'-tetramethoxyflriTanoue. 

0 OCH3 


-> • 


I 


X_./" 




and that tfeis formula correctly represents the 
substance, has been pjoved by its synthesis 
(Kostanecki, Lampe and Irimbor, Ber. 1906, 
39, 625), and also by the investigation of Herzig 
and Hofmann (Ber, 1909, 42, 165). It has 
been shown by the latter chemists that when 
morin is ^nethylatcd by means of methyl sul- ! 
phate, morin pentamethyl ether Cj3H503(001:J;,)., f 
needles, m.p. 154°-^ 57°, can be prodi4;ed, | 
though for this purpose Perkin Und Watson 
((Jhem. Soo. Trans. 191^ 107, 207]Pprefcr the | 
raoSification of Yaliaschko’s process (Arch. 1 
Pharm. 1904, 242, 242), previously fmAd jfc^rviee 
able foE the preparation of quSrcctm penta- 
methyl %thcr by Watson. Monn pentamethyl 1 
ether is hydrolysed nwith boiling alcolioli(?i 
potash into fi-resorcylic acid dimfdhyl ethei ^{2^ j 
and methoxy fisetol trimethyl ether (1) { cf . (Quer- 
cetin and Fisetin) — •* 

Ot^Hg/N— OH t • COOI*/ "^OCHg 

(1) I^/!-co-€h,och, (s; . 

OCH 3 ^ • • 

the latter being ide^/ical lyth the compound 
obtained in a siqj.ilar way from quercetin 
pentamethyl ether. ^ 

By nitration it forms nitromorin penta- 
methyl ether Ci8H402(0Me)5N02, reddish-brown 
needles, m.m 223°-225°, and this when reduced 
With alcoholic hydrochloric acid and tin^ives 




,C : NOH 


«-lsonitroso-l : .3 : 2' : I'-tetramethpxyflavaiiono. 


CH3O 


OHr 


0 


OCH3 


^ .-COH 

Morin trlincUiyl ether.' 

OH . 




,OH 




•(jr>H 


OH 


CO' 

Morin. 

Morin dyes mordanted woollen cloth shjjftes 
which, ^ though of ^ slightly stronger character, 
closely resemble those given by kaempferol. 

^ Chromiim Aluminium Tin Inm 

Morin . Olivo yellow Yellow Lemon Deep olive 

• yellow 4)rown 

Kaempferol Brown yellow ,j Bright Deep ollye 

^ yellow brown 

(Perkin and Wilkinson, Chem. Soc. Trans. 
im)2,«8], 690). • 

Maclurih CjaHioO*. When morin is pre- 
cipitated fre^ a not aqueous extract of old 



m 


OLfi FUSTIC. 


fustic hy moans nf lead acetate the solution 
cimtaiiiB jnaolnrin. Aft^r removal of leadUn 
the usual manner, tli^^iquid is partially evapo-, 
rated and extracted with ethyl acetate, which 
dissolves the colouring ' matter. 1’hc crude 
])roduct is crystallised from dtliitc acetifc acid 
(Perkin and Cope). A crude maclurin is also 
obtairpid during the preparation of fustic extract, 
partially if the foriiY of its calciurf salt, ami 
this product is treated with dilute hydrochloric 
acid and crystafiised from water. In order to 
decolorise the erystnls, acetic aeid is added to 
a hot aqueous solution and r Ifttle lead acetate 
ill such quantity that no jirecijiitate is lormed, 
and tlv) Rolid|oii is treated \v.lh Hul]thurett*d 
hydrogen. The clear liquid is now much less 
strongly coloured, and after repeating the ojiera- 
tion two or three times, the maclurin, which 
crystallises out on standi rvg, possesses only a 
pale yellow tint. ' 

When quite jnire maclurin consists of 
colourless needles, m.]). 200^ (Wagner, J. 1850, 
529), somowhat'soluhle in boiling water, soluble 
in alkalis with a pale yellow coloration. With 
aqueous lead acetate it gives a yellow preciju- 
tate and with ferric chloride a gieenislidilack 
coloration.* 

UlasiwetL and Pfaundlei (.1. 1801, 558) 
assigned tlfe formula to maclurin, 

and found that by boiling vitli ])o(assiuni 
hydroxide solution if gives phloHKjlucinol and 
protomtcchuic acid. 

PeniahcnzoylniatUmn ( 'nU50e((l-H50)5 
melts at 155‘'-150° (Kbnig and V. Kostaneeki. 
Bor. 1894, 27, 1990) ; and tribrom niadmnt 
(Ji,H;Br 30 «,IUO 

colourless needles, has been obtained by Benedikt, 
Maclurin pcntanicfhyl dher C,3ll5()(0('Jl J,„ 
colourless leaflets, melts at 167‘\ Konig and I 
V.c Kostanecki first assigned to ^uacliirm the 
constitution of a penlaJiydro.vi/bcnzuj>hcnono — 

OH 

' CO— /Noh 


is proiducod in prismatic noodles, m.p. 109^- 
110°, and this on further leduction gives pew/a- 
methoxydiphenyl methane, in.fi. ]t)7°-108°. 

On the other hand, if leucomacluriri penta- 
methyl ether is oxidised in acetic acid solution, 
vcratric acid pud dimciho'xyhcnzoquinone are 
formed. 

Maclurin has been synthesised by Hoesch 
and Zarzecki (Ber. 1917, iTu, 402, 060) by 
the condensation of q:rotooateohuonitrile with 
phloroglucinol by means of zinc chloride in the 
presence off a current^if hydrogen chloride, The 
ketono-nnide being hydrol^j^u'd to maclurin bjt, 
boiling with water. 

Maclurin i^ interesting as it rejiresents tin* 
' only SI mple benzopheiione colouring matter which 
is as yet knovv^ii*to,exist in nature. 1 1 is ]io8si ble, 
however, that kinoin from Malabar kino, and 
aromadendnn from eucalyptus lano also belong 
to tins class''(r. Kino). 

Pfttent fustin. Under the name of ‘ patent 
fustin ’ a colouring mattei has been placed on 
I the market, which consists chiefly of disazoben- 
' zene maclurin ((^ »S. Bedford, 1887, Hng. Pat. 

; 12067). To ])repafe Ibis siibstaiitt" old fustic, is 
[^extracted with boiling waterf the solution is 
I decanted from the precipitate of morin and its 
I calcium salt whiili separates on cooling, and is 
neutralised with the neces.sary quantity of 
sodium carbonate. Diazobonzenc sulphate is 
then added until a jirecipitatc no longer forms, 
and this is collected and washed with valor, 
i It IS sold in the form of a paste and dyes chronic 
I mordanted wool an orange-brown shade. 

I Disazobenzene maclurin ( Bedford and Perkm, 
j Uheni. iSoe. Trims. 1895, 67. 9.‘fli ; ibuL 1897, 71, 

' 186) which ciystallises in salmon-red piismalic 
lU'cclies, m.j). 270" (deconip.) has the following 
eonstitutioii — 

Idle 

i'8iaN/Y“':o-|Aou . 


W. H. Perkin and Eobiitjon (Chein. Boc. Proe. 
1906, 22, 306), and somewhat later Kostanccki 
and Tamber (Ber. 1906, 39, 4022) synthesised 
maclurin pontamqjljiiyl ether, by the interactn^n 
^at«voratrio acid and iihloroglncinol tniiietbyl 
ether in presence of aluminium chloride — 

OCIJa 

VOCH, 

OCHg 

lY— H .0 

= O0 H,Y)o0Hj 

Pentamethylmaclurin. 

tv^hen maclurin pentamethyl other is digested 
withalcoholio potash and zine-ilust leucomacluriri- 
ptntamSdiyl eiher (Kostaiiecki and Lampe, Bor. 
im, 39, 4014) 


With acetic anhydride it gives tnarciyl dimzo- 
benzerie maclurin Ci 3 TT 606 (UBH 5 N.,)i,((kH 30 ).„ in 
onjngc-red needles, m.}). 240"-243" (doqpnip.). 

' pyeimj propedicei of old fudic . — *ln silk and 
i cottpn dyeing fustic is emfdoyed to a eoinjiara- 
1 tively limitea extent, but in wool dyeing it is 
the most tinportant V^atural yellow dyestufl. 
Idle olive-yellow or old gold colours which fuStie 
.yields ♦ wlmfi used w'ith chromium mordant 
and the greerfish olives obtained with^lie use 
of cojijier and iron mordants are all fasVxo light 
liiid* milling, but the yi^low colours yielded in 
conjunetion \fith aluminium and tin possess 
only a moderate degree of fastness with respect 
to light, hdistic il'cliiofly employed in wool dye- 
ing with ])otyssium dichromate as the mordant, 
I and it is^tor the most pai't us^mI along with other 
I dyestuffs, e.<j. ^pgwood, alizarin, &e., for the 
i^’offuetion of vaViona compound colours, olive, 

I urown, drab, &c. « A. G. P. 

j OLEANDER LEAVES. , Oleander leaves con- 
! tain substances having a ^gitalis-like action, 
I which are readily soluble in water and in alcohol, 

1 and the solutions are stable. They probably 


OCHjl 


8-UH(OS)-, 
A)CH, ' 


,OCH, 

loCH, 


I consist of complex glucosides (Straub, Arch. Exp. 
Pathol, u. Pharmakol. 1918, 82, 32^). Cf. art. 
' Diorf-ALis. 
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OLEANDRIN v. Digitalis. I for the estimation of tlie volatile oil is iiiven by 

OLEANODYNE. Trade name for a pre- Cripps (Pharm. J. liii.]*22, 193). 
paration contaiftin# oleic acid, aconitine, atro- ^ TIio U.S. P. requires t.mini mum content of 
► pine, morphine, and veratnne. 30 p.c! of resin and an acicl value of 28-96 for 

OLEFIANT GAS v. Ethyl. ^ copaiba. ^ * 

OLEFINES. Ilydrocarbons yf *tlie Voktilc oil copaiba boils at 262^-200°, 

series homologous with ethylene. ls soluble in 8-30 parts of, alcohol (sp.gr. 

OLEIC ACID Oils (Fixed) and Fats; 0\S30), or in 3 parts of absolute aleoho^ and 
Saponification. has a sji.k’- of 0’88 OIH. The od has the 

OLEIN p. Oils (Fixed) and Fats; odour and taste of copaiba, and consists prmci- 
GLYpERiN. J>Jill.y cf scsquiterjioncs, larg(#y caryoyhijlUni’ 

OLEOGUAI^COL. SJ'ii. for • Guaiaith. b.j). 268^’-2()0'' (Waliach, Annaleii, 

•leate. • 1892, 271, 294)? ^licii hydrogen chloride is 

OLEOMARGARINE v. Margarine. imssed into the dried oil, crystals of a hydro- 

OLEO-RESINS. Under the goi^erie term oleo- t/Wo/ it/e ^n.p. about 70'^ Uf. f .y. 

resins are hero describial tlie chief repre.senta- 'Demssen and Fger, ('hem. Zeit. f912, 3o, 5(11). 
tives of that large group of nat^imf products the The terpeiio of Maracaibo copaiba boils at 
essential constituents of which arc resm and 259‘’“2(J0°, and gives no crystalline hydrochloride 
volatile oil. These substances are, foi the most , (Bnx, Monatsh, 2, A dark-blue hydrate 

part, the oleo-rcsinous juices of phlits more or I ((Anil . .)qJl >U is obtained tflwards the end of 


less deprived of their volatile oil by evajioriiion, 
but still retaining enough for it to rank as one 
of their two leading components. I'\>r a more 
detailed list of oleo-resins, the numerous n'ports 
on botanical Economics, and tlu’ cat-alogues ol 
the various museums, should be eonsulted.i 
(!ompare also the introduetion to the article on 
ItESIN.S. 

Copaiba; H. I*., IJ.H. P. Olco-ir.stn cojiaihn ; 
Balsam of copaiba or copatva or captiu ; {liaion^ 
o\i ol&)-risin.e. de copahu, Fr. ; Coyaiva haUmn, 
Ger.). (Jopaiba is the oleo-resinous secretion of 
the trees of the genus (JopaiferUy especially the 
species G. Lnnsdoriii (Dosf.), which inhabit the 
warmer districts of youth America. Descriptions 
of the leading species yielding the so-called 
balsam are given by Fluckiger and Danbury 
(Fluck. a. Hanb. 227) and Bciitl. a. Trim. 9.‘h 
The drug became known in Europe in the 
sevontoenth century, anf( Avas incluaed in the 
Amsterdam Pharmacojiooia of j()3t) and the 
London P}]4).rmacopo0ia of 1077. The yield of 
oloo-resin from a single-tree is very great, the 
ducts containing it distending sometimes tD such 
an extent as to bur.st the unyielding trunk with 
a report which is heard at long distances. In 
commerce the Para variety is distinguished from 
that comyM? from Maranhain and from the rarer 
Maracaibo copaiba. ^ * ' 

In trade the olei -resin occurs as a trans- 
parent, rarely opalescent, viscid •liijuid of a 
pale-yelloAV or light gohfen-brown ioloiir, and 
a Tiharacteristie aromatic, not disagreeable, 
odour and persistent acrid bitterish^lhst*. The, 
specific^ gravity, which varies ^ith the pro- 
portiontpf oil present, is generally 0*935-0 *996 
(0*940-0*995 at 25", P.). Alcohol, bonarn^* 

carbon disulphide, or acetone dissolve i^oin 
specimens of copaiba : glacial acetic acid dis- 
solves the resin only. Wheifinixed with small 
quantities of magnesia, lime, or 
specimens form a g;iff Inixturo which gradually 
hardens. This depends upon ^le presence of 
an acid resin which formi si^ts with alkoliim 
earth metals. Fluckigor (Jahresb. Pharm. 1807, 
162 ; 1868, 140) findg the agtion of copaiba on 
polarised light to vary, some specimens being 
dextro- and others l»vo -rotatory.- 

The volatile oil in copaiba vanes from 20 to 
80 p.o. (generally 40-60 p^c.), the percentage 
of resins, wjjioh arc the sole other constituents, 
jahowing oorresporiding differences. A method 


I the operation v^hen the moist teipene is distilled 
over sodium (Bnx). 

The oil from copaiba balsain collected in 
iSiirmam from Copaifcra iiuyattensis (Desf.) boils, 
for the most part, at 254 ’-2()2", and appears to be 
I a mixture of two sesquiterpenes. The fraction 
boding at 27(U-280^ contains a littl# cadinene. 
Towards the end of the steam distilkition qf the 
I halHuiii, a sesquiirrpene alcohol Cigfd.^^O, m.p. 

1 14 1 1 5 ’, seiiarates m the condenser from which 
a scsqniterpetu' h.^i. 252", is obtained. 

The latter is a mobile liquid which soon changes 
in the air to a rosiuous solid (van Jtalhc and 
Niouwiand, Arch. Pharm. 242, 539; 244, 101). 

Of the copaiba resins many are found only 
in certain varieties of the oleo-resin. The most 
important is the erystalhnc acid resin cojiamc 
acid (AqH 3 „Oo. This constitutes by far the 
greater jiortion of the crude resin, and may be 
obtained according *to Schweitzer (Pogg. Ann. 
17, 784 ; 21,^72) by steam distilling the balsiftn 
and then allowing an alcoholic soluttlon of the 
resin, so obtained, to evaporate spontaneously. 
It may also be extracted from thq balsam by 
aqiieou^ ammonium carbonate solution, and 
may be crystallised from alcohol; m.p. 13U. 
The acid is an isomer-ide of abietic acid. Cry- 
stalline deposits somt^imes occur in copaiba. 
‘One of these, in an old specimen of the Trinidad 
variety, which was supposed to be oopaivic 
adid, was examined by FluclfSircr and Danbury 
(FI lick. a. Hanb. 231). It molted at i 

Another deposit investigated by Fel:Jing (An- 
naleii, lo, 110) proved to be an allied compound 
orycopawic acid ('20^28^13- Similai1|y, Strauss 
{ibid. 148, 148) extracted t acid 

C32H84O4 from Maracaibo copaiba. Copaiba 
from Maracaibo and Para has bee# exffmined by 
Tschirch and Keto (Arch. Pharm. 239, 548). 
After separation of the resin acids and ^he 
essential oil, a aniall quantity of a mixture of 
indiffeient re^ewes • remained mostly, but not 
wholly, soluble in alcohol. From the Para 
.balsam, paracopaivic acid CagHajOj, m.p. PW'*- 
148°, extracted by 6 p.c. ammonium carbonate 
solution, and homo -paracopaivic acid ORHjgOg, 
m.p. 111°-112°, were obtained. From samples 
of • Maracaibo copaiba, p-meiacopaivic acid 
CjiHieO, (or CnHo^Og), melting at 89°-90°, and 
ill^ric^acid CaoHjgOs, toeltiug at 128°-129°, were 
isolated. Other resins have been described by 
Martin and ^igne (J. Pharm. Chim. [iii.] 1, 62), 
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Posselt, (Annalcn, 69, 67), and Rush (Amer. J. 
Pharm. [iv.] 0, 305). Of. Obordofer (Afch. 
Pharm. [li.j 44, ngj'; Ulek {ibid. 122, 14) ; 
Procter (Rharm. J. [iii.] 10, 603) ; RouBsin 
A,r. l^harm. Ohim. [iv.] If 321); Levy (Ber. 18, 
3206). • ^ t 

lllurin oloo-resin, an African variety of co- 
paiba, obtained from Hardwickia Manmi (Oliver) 
ill the Nijjer basin, also examined by Tschirch 
and Keto, contains illuric acid which closely re- 
sembles Fehling^s oxycopaivic acid. It crystal- 
lises in the hexaj^oiial system and is a monobasic 
acid. It gives the cholftste^oPreactions and is 
not affected by fusion with p(‘tassium hydroxide ; 
in Ihe^e and other respects, «it resembles tlie 
rosin acitls of the coniferse, especially pi mane* 
acid, but it differs from them by reducing silver 
salts in ammoniacal solution. 

In medicine, oo’paiba m employed for its 
stimulating actioiron mucous ineinbranes, e.spe- 
cially those of the genito-uinnaiy system. 

Adulteration of copaiba has been largely 
practised. Turpentine, castor oil, and gurjnn 
‘ balsam ’ are ty}»ical of the adulterants ein- 
jiloyed. Numerous methods of testing have 
been proposed.' These are reviewed in Allen’s 
Commerci)»l Org. Analyses, 4th ed. vol. iv. ]). 
88;^ vol. i«. p. 313. It is shown that the 
specific gra/vity or percentage of resin and oil is 
so variable as to be of no value in detecting 
adulteration. Mariya properties while apper- 
taining to moat specimens of the oleo-resin are 
not found in all. 1’hus fluore8(!enee, a character 
of gurjun ‘ balsam,’ is not absent from all speci- 
mons of true copaiba ; all apeeimmis do not 
dissolve one-fourth of their weight of magnesium 
carbonate or form a clear solution with aqueous 
ammonia or alcohol. Benzene is a universal 
solvent for copaiba, but it behaves m the same 
manner toward all the ol dinary adulterants. 
Sfcbold (Pharm. J. [iii.] 8, 251) detects as little 
as 1 p.c. of fatty oil in a simple manner. A gram 
or so is heated in a watch-glass until all oil is 
driven off, which is the case as soon as the 
residue assumes a rich brown colour. H the 
remaining resin is brittle and pulverisable, no 
fatty oil 18 present ; fatty oils cause the residue 
to remain sticky, even ^-af ter further heating. 
Gprjun or wood oil may be discovered by 
Fluckiger’s process (Pluck, a. Hanb, 233 note). 
One drop of copi^iba is agitated in a test tube 
wjtli 19 drops of carbon disulphide, and to this 
is added a drop of a mixture of equal volumes of 
strong suiphuric and nitric (1 '42) acids.' After 
a little agitation, copaiba becomes reddish- 
brown with a deposit of resin on the sides of the 
tube; gurjun oil gives an intense purplish -red 
colopr cns^.igiyg to violet, whilst the oleo-resin of 
Hardwickia, sometimes an adulterant of copaiba, 
gives no perceptible alteration of colour. By 
th6 procedure, 1 part of gurjup oil m 8 iiarts of 
copaiba may be detected. Another metjhod is 
that of Hager (Pharm. Centh. 16, 257). 1 
volt\me of copaiba mixed with 4 volumes of light^ 
petroleum gives either a clear solution or only' 
a slightoturbidity which, when it settles, forms 
nq)b more thUn a thin film covering the bottom 
of the vessel. Gurjun oil is insoluble in light 
petroleum and settles in half an hour. Benzene 
cannot be substituted, af has been proj^iosed, 
for light petroleum. Gurjun balsam can afso 
dbe detected in copaiba by giving a reddish 


color^ion, changing to blue, when the sample 
is boiled with 3 parts of 95 n.c. alcohol and 
1 part of crystallised stanncl^is chloride, and by 
affording a reddish or purple colour when 4 drops 
of copaiba tire oarefully added to a mixture of 
half an ounce, glacial acetic acid with 4 drops 
of nitric acid (cf. Brit. Pharm*). According to 
Turner (Amer. .1. Pharm. 190§, 80, 14) 3-4 drops 
of the volatile oil arc mixed with 3 c.c. of glacial 
acetic acid, and 1 drop of freshly prepared 10 p.c. 
sodium nitrite solution. On pouring 2 c.^. of 
sulphuric l<cid below 'this, witlout mixing, the 
acetic layer is at most coloured pale yellow and 
pink, red or violet (absence of gurjun balsam, 
(J.V.). The pfesfuice of oil of turjicntme is 
recognised by Siebold during the evaporation 
for the detCckop of fixed oils, and may be 
further identified by distillation and fractiona- 
tion of the volatile oil. Turpentine boils at 
160°- 1 80'^', of copaiba at 240°- 250°. See 

furtWer; Bowman (Amer. J. Pharm. fiv.] 
7, 385); Fulton [ibid. |iv.] 7, 550); Kush 
(Pharm. J. [lii. 1 10, 5); Hager (Pharm. Centh. 
1870, 296 ; 24, 141) ; Prael (Arch. Pharm. fin.] 
23, 735, 768) ; Wzyne (Amer. J. Pharm. [iv.J 3, 
326); Maupy (them. Zonti* 1894, i. 929); 
Hirschsohn {ibid. 1895, ii. 694). 

Eleml. Olco-rpsina ckmi {Binnc eUmi, 
Fr. ; Eltmiharz, Ger.). Tiie Greek and Roman 
writers describe a ‘gum of Ethiopian obve ’ 
which has been generally identified with elemi. 
According to Fluekiger and Hanbury (Fliick. 
a. Hanb. 147), however, this ancient elemi 
is the oleo-resin known as Lvban mcyeii. Pliny 
terms the drug enkoemon '.ir enhccmi, from 
which the name ammi and perhajis also elemi is 
derived, d'he term ‘ aninn ’ is also used for a 
kind of copal. 

During the sixteenth century, the older 
African el6nii w^as replaced by a drug of similar 
appearance, which came from Mexico, and South 
America, and this m its turn has gy^en way to 
a product of the Philyipine Islands, which is 
now the elemi of cifmmerce. 

Elemi or Animi of the older Writers ; Oriental 
or African Elemi; Lvban Meyeii; Luban 
•Mali. , ' 

This drug is derived ftom Bomvellia Frere- 
ana (Birdwikid), a tree belonging to the same 
genus whif^h yields iKie gum-resin olibanum, 
and which inhabits the hills immediately 
west (/ Gli^ie Gardafui. Notwithstanding the 
close botanical relation to olibanum, and the 
generic name, Luban being Arabic for t^t drug, 
tthenj is no doubt, owing^to the entire absence of 
^um and other characters, that Luban Meyeti is 
a distinct jiroduct. According to Hanbury and 
Fluekiger (PharrA'.^ J. [iii.] 8, 805 ; Fliick. a. 
Hanb. 147), ^his was the elemi of commerce until 
its plac6/ was taken, in •'the^ixteenth century, 
by a somewhat similar product of Mexico and 
Soifth America.' r» , 

^ Luban elemi is desc/'ibed by Fliickiger and 
Hanbury as detached droppy tears and frag- 
ments, occasional!/ in slafactitio masses several 
ounces in weight. Extem'ally it has a thin 
opaque white'’ crust, but internally it is trans- 
parent and of an amber colour. It has an agree- 
able odour of lemon and turpentine, and a mild 
terebinthinous taste. The wlatUe' oil, which 



has a fragrant elemi odour, from the s^cimen 
examined, amounted to 3*1 p.c. It has Specific 
gravity of 0‘85ft at|17°, and rotates the polarised 
ray slightly to the left. It consists partly of a ' 
dextro-rotatory hydrocarbon partly 

of a IjB VO -rotatory oxygenated oil. ' The resin is 
mostly soluble in alcohol, and has the com-j 
position ^20^30^^^ (^)* 

Elemi of the Seventeenth artd Eighteenth Centuries ; 

• Ameriqfin or Brazilian Elemi. 

» The oleo-rJsin^ which replaced the older 
African elemi for the most part during the 
seventeenth and eighteenth centuries, was the 
product of several &azilian trecS, species of th# 
genus Protium {Idea). A specifnen examined 
by Miickiger and Hanbury (Fmck. a. Haiib. 162), 
was a translucent greenish -yellow fragrant tere- 
binthinous resin, wliich by means (4 cold alcohol 
could be separated into two portion| — the 
one soluble, and the other, consisting of a mass 
of acicular crystals, insoluble. 

The oloo-rosm of Protium heptnphylhm 
(March.), w^ examined by Stenhouse and droves 
(Chera. Soc. TrAis. 29, 176). This is known a| 
Oum Hyaiva, or Conima resin, or resm of the 
incense-tree. It possesses a fragrant balsamic 
odour, which depends on the presence of a small 
proportion of volatile oil. This oil, when ob- 
tained by distillation with steam, boils at about 
270°. liv treatment with sodium and fractional 
distillation, it gives a hydrocarbon commene, 
^16^24, which boils at 204°. If the residue, after 
removal of the volatile oil, be dissolved in hot 
alcohol, it deposits on cooling a cTystallinc com- 
pound, icaeiju, 04^117,0 (?) and the mother- 
liquor contains a yellow amorphous resin. Icacin 
molts at 175° {cf. Hesse, Annalen, 192, 181), 
and is doubtless identical with Amyrin {see. 
below). • * 

Elemi of Commerce of tiie Present Day ; Manilla 
Elemi ; AS'hol a Brea Resin. 

The tree which yields the elemi of the present 
day is a native of the Philippine Islands, and 
is called by the Spaniards Arhol a hrea. Its 
botanicSf gelations were not known until q^it^ 
recently, but it is n*w certain that the oleo^resin 
is collected from Canarium luztmicum fMiq.) 
(Clover, Philippine J. 8ci. 1907, 2*2). Manilla 
eJerni is a soft oleo-resin which, in appearance, 
resembles old honey. It occurs commerce 
generally admixed with earthy pr carbonaceous 
matt^ which gives it a dark colour. Wlien 
fresh ^d pure, it is colourless and has^ a fr|graj>t 
odour. Cold alcohol applied* to ’the d»ig 
discloses numerous acicular crystals visible 
under a microscope (Fluck.«» Hanb.). 

Elemi is a mixture of volatile oil and resin. 
The volatile oil ^p tti 30 p.c.) eSntains f^-phel- 
landrene, dipent.^e, and a crystalline compound 
which may be identical wit^ Amyrin (WaJlach, 
Annalen, 2^2, 102). Pheflandrene and ^pent%i<! 
are also obtained by the dry distillation of the 
rosin (Wallach, ilAd. 274, 310). From the 
highest boiling fmetions, Semmler (Bqr. 1908, 
41, 1768; 1918, 2183) has isoleited elemicin or 
l-allyl-3 : 4 : 6-trimethoxy benzene, b.p. 144°- 
147710 mm., and Semihler and Liao {ibid. 
.1916, 49, *794; 1917, 60, 1286) have further 
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obtained elemol, CijHj.O, b.p. K)2°-166°/17 
nwn., yielding the sesquiterpene elemene, b.p. 
116‘’-166°/10 mm. on dcijiydration. , 

All elemi resins are (maracterispd by their 
high content of ciystallino substances, t^e 
chief *being a yjiytostcrol ; Baup (Ann. Chim. 
[iii.] 31, 108) called the latter amyrin. It is 
insoluble in water, readily solfiblc in ether and 
hot alcoh^il, and crystallises in satiny * fibres, 
which melt at about 176". Amyrii?, C30H50O, 
has been converted by Ve^rberg into two 
crystalline isomeric acetates, C3oH49((7H302), 
and benzoates, C3qH4Q(C7li50.2), from which two 
corresponding amyrins have been prepared. 
(^-Amyrin mel^ at# 181"-118'5", {a)-amyrin 
acetate at 220°, and benzoate 192°*, while 
^-amyrin melts at 193"-194°, {^) -amyrin acetate 
at 236°, and benzoate at 230° (Ber. 20, 1243; 
23, 3186). Ciamieian (Bet. 11, 1347), by dis- 
tilling amyrin wiih“zine-du^, obtained toluene, 
methylethylbenzenq, and ethylnaphthalene. 
The einnamate of rt-amyrin occurs in the latex 
of Antiaris toxieana (Windaijs and Wolsch, 
Arch. Pharm. 1908, 246, 564), and probably 
also in various guttaperchas from New Guinea 
(van Homburgh, Ber. 1904, 37, 3440 ; cf. 

I Vesterberg, ibid. 1906, 39, 2467). Amyrin 
! seems to be a tnterpene alcohol. Tne alcoholic 
mother-liquor contains the amorpli^Ms re^n, or 
rosin soluble in cold alcohol, which is the largest* 
constituent of elemi. l^osides amyrin, Baup 
describes three other compounds occurring in 
elemi — breidin, hrein, and bryo'rdtn. Of these 
the former has not been found again ; the 
second is a diatomic alcohol of the probable 
formula G3oH43(OH)2, which differs from that 
of amyrin by one oxygen atom; ra.p. 217° 
(Vesterberg, Ber. 190(>, 39, 2467 ; this paper 
gives references to previous chemical examina- 
tions of elemi). -For the third substance, 
Cryoidin, se^ below. * 

Specimens of Manila elemi ,havo been 
I examined by Tschirch and Cremer (Arch. 

I Pharm. 240, 293). 100 parts of the drug con- 
{ tain ; manamyrin, consisting of a And B amyrin, 

I 20-251^ os.scntial oil, 20-25; hryoidin, O'8-l ; 

I a-rmnelemic acid, 5-6 ; B-mgnelemic add, 8-10 ; 
j maneltresene, 30-354 inorganic constituents 
land bitter substance, J-2; impurities, 6-6 
' parts. Bryoidin, C21H42O3, m.p. 136-6°, was 
; prepared by digesting th% elemi .with dilute 
alcohol at a gentle heat and evaporating the 
; extract to crystallisation. It is neutral, has tl 
i bitter* taste, and, whilst insoluble in^cold water, 
dissolves readily in hot water arwi in alcohol 
and ether (Pharm. J. [iii.] 5^ 142). oi-Manelemic 
acid C3-H5,04, m.p. 216°, previously isolated 
I by Burl (Pharm. J. [iii.] 8, ^1),* crystallises 
|*from the alcoholic solution of the acids, ex- 
tracted from the resin by aqueous potassium 
carbonate, while the mother liquoi; coi^-aina 
amonihous ^-Im^nelemic acid C44H30O4, m.p. 
75°-76°. Manelerescne CjjHjoO remains after 
the removal of the other constituents nf the 
oleo-resin ; it is amorphous and melts aT 63°~ 
4)5°. * 

Elemi is seldom used in medicine in this 
country. It is, however, sometimes empKSyed 
iR the form of ointment os a dressing for indo- 
lent uloers. At present its chief use is in the 
, ^ro]laratipn of printing inks, and occasionally 
! as un ingredient in varnishes. . 
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Oleo-resins allied to Elemi. 

Anm,e. — Much confusKm exists as to the ifte 
of the word anitiie, the same may be re- 
marked of t^icamaliac. By some writers dnime 
is^used as^synonyrnous witk elemi, and by others 
it is restricted chiefly to a Vii'iety of ropal. 
There are, howeyer, a number of other eleo- 
resinous }>roduetH which are usually known 
as anibio. The chiefr members of fthis class 
are : 1. Gomart olco-rfsin, or (jrmmnor rc-'>iv, 
the exudation oinDacori/dr-s hexandrn ((^Iriseb.), 
an inhabitant of the West Indies (Imp. Inst. 
Itej). No. ().‘b 102). This has^an^ odour between 
that of elemi and turpentine. Owing to ils 
general resemblance to tru% (.lenjil, gommier re.sii^i 
is comnTonly k'^iowm as ‘dry’ or West Indian 
elemi. kor analysis and commercial \aluation, 
.K c Imj). Inst. Report. The oleo-resm has been 
examined by Mori* (('hem. Soi; Trans. 7/), 71K). 
The essential oil war. fouiul contain 04 ii.e. of 
/-])]nene and 17 2>-c. of sylvefttrenc, and from the 
resin a crystallme comjiound, m.p. 10G‘’-107 ', 
was obtained, lurving the eomjiosition 

41 ^^- 

2. Brazilian an mo, the product of Jh/nunaa 
courharil (Linn ), a tre(5 belonging to the natin-nl 
order Ijvgununoaw. Tin; oleo-resin resembles 
mastic, it r softens in the mouth, ami when 
warmed I'lnibs a peculiar odour. The volatile 
oil is colourU'ss, with a strong, not untileasant 
^»dour and burning taste. It is completely 
soluble in alcohol (ihiok, Brugn (lioin. 10, 1120) 
After removal of the oil, (>old alcohol (‘xtiacts an 
ainorphmtb' renin, and the lesidiu*, dissolved in 
boiUiig alcohol, dejiosits on cooling a, suni- 
('n/«tnlline compound, w4iieh was analysed by 
Jjaurent (Ann. (Jlnm. [ii J 00, 314) Hie 
also Batka (i’harm. J. |ni.] ti, 742); (ruibonrt 
(Rev. sciont. 10, 177); Filhol (d. I’harm. ('him. 
[lii.J 1, 301, 507); Hancock (Ed. N. d. 8e. 1, 
240); Manzini (J. Pharm. 27, 752); Jdeville 
(AiMaleii, 71, 354). f 

Carana.-j-A soft oleo-rcsin allied to Brazi- 
lian elemi, jirobably derived from Fiolium 
Oarana (March.) and allied Hpocie.s. It has a 
fragrant balsS.mie odour and somewhat bitter 
taste. It contains 00 p.c. of resin, solu^de in 
alcohol (Pelletier, Bull." Pharm. 4, 241). (Jarttna 
elemi from Frolium CaratPt (March.), has been 
examined by Tschirch and Saal (Arcb. Pharm. 
241, 149), who found that in 100 parts of the 
drug there were cputained imeareh nunic acidt 
2 ; /.urelewinic acid, 8 ; carelemic acid, 10 ; 
e.ssential oil, 10 ; amyrins, 20-25 ; resene, 30- 
36; imiiuAties, 12-15 jiarts. For analytical 
constants v. Dicterich (Pharm, Eenth, 40, 453). 

Ceradia.~The prpduct of Crradta (Othonna) 
furcata (Lindl.). It is an amber-coloured oleo- 
re.sin with tire o^,our of elemi (K, Thomson, Phil. 
Mag. 28, 422). 

Mauritius elemi.— kn oleo-resin very closely 
resorftbling Manilla elemi. It is t^ie yield of the 
Canarium mauritianum (Blume^ Fluck. a. Hanb. 
162). It has been examined by Tschirch and 
Saal Vlrch. Pharm. 1904, 242, 348). 100 part^ 
of the drug were found to contain a-i^ocolelennc 
acAd, 10 ; oolelcminic acid, 2 ; ^-imcolelcmir acid,' 
8 ; iiplamyrin, 25-30 ; cokresene, 30-35 ; essen- 
tial oil, 3 ; bitter principle and bryoidin, plaiy^. 
remains and imjmrities, about 10 parts, 

Mexican elemi. Vera Cpiz elemi. — Mexipan 
elemi is not now an article of oommerde. It^is 
nearly related tb Brazilian elemi. It is the re- 


puted oroduct of Amyris Plumeri (DC.) ; (Fliick. 
a. Hann. J 52). This elemi has been examined by 
Tschirch and Cremer (Arch. iPhA’m. 1902, 240, 
293), who find that it contains a very large pro- 
jiortipn of substances which resist the action of 
alkalis (reseife and amyrin) and this would make 
, it peculiarly suiCable for the basis of a lacquer. 

Tacamahac. — 'J’he followiim are the more 
imjiortaiit olco-resins which lufve been described 
as tacamahac : J . Ji]a 4 i Indian tacnniahac, the 
product of Calophyllum inophyllum (Linn.), 
winch inhajrits Bouibon ami Madagascar. * It 
i.s a dark -green balsamic (jpsin — sp.gr, 1-032 ^ 
m 2). ITF. 2. Yclloir tacamahac, the exudation 
i ()l Amyris tacamahac (Batka). It was labelled 
Wacamahaque viciqc by Des Marcbais, AJnean 
incen.se by Pcfqjra, and BdeUiuni d’AfriijUc by 
I (iiiibourt. It rnefts at 100®, exhaling an agree- 
able odour, and the resin remaining is partly 
soluble III alerhol. The part insoluble in alcohol 
con.sii^H of yellow luystals — iacamahamt. This 
substance is insoluble in ether, S2iai1iigly soluble 
111 alcoliol, and is unaffected by alkalis or nitric 
acid. (Suljihiirie acid dissolves it with a- violet 
coloui (Batka, Pharm. J. [iii.] 0, 7 |*j 2). Yellow 
kaeaiiuihai! IS often termed fvninic. 3. Oho- 
KsiH of I'folium hcptaphylliun (Aub ). This has 
been already described under the name of 
comma lesin (see Eloni of (he sevnitcenih and. 
i u/hteeulh. centuries). A iiumlicr of 8am2)le8 of 
Tacamahac lesin have been examined by 
Tsehireb and Saal (Arch. Pharm. 1904, 242, 305, 
395), and analytieal constants are given by 
Dieterich (Pharm. Centh. 40, 453). 

Be.sideH\lic8e, which Batkii regards as true 
taca niahacs, the jiroduct of F rot mm obtusifolium, 
(March), (he Mauritius tacamahac, and com- 
mon (falipot of Finns Finastcr (Soland), the 
latter under the name of the hitter tacamahac of 
trc(.'., have »been described as varieties of that 
drug. * • 

Gurjun oleo-resin. Gurjun haka^i ; V\’ood 
oil, Oko-resina dipteres'arpi. This olco-resin 
resembles and is usetl as ai> adulterant and sub- 
stitute for eo2)aiba (so called I^last Indian co- 
Ijaiba). It is obtained from Burma and the 
Straits, being the product of various species 
of JJipterocarpus (Fliick. a. Hanb. 88 )hl,. Gurjun 
^il hiust not be confounded with thf) fatty oil 
wdiicfi is also known as wcf'od oil, or wood oil 
of Vliiim, whi#b is expressed from the seeds of 
the Alcnrifefi cordata (H^eud.), the well-known 
Tunej tree of the Chinese. ‘ 

, Gurjf'n, tir wood oil, resembles copaiba in 
a2)pearaiicc, with the exception of its ^ores- 
ceiiee, a character rarely found in copaiba./When 
b«ai-e^ in a closed tube to ^20” it becomes almost 
solid, whereas «;;opaiba similarly heated does 
not l8se its fluidity. For other distinguishing 
characters v. Coi'Ai'bfk. 

According ^o yemmler and Jakubowicz (Bor. 
1914, 47, P141 , where sec other inferences), gurjun 
oil contains two tricyclic sesquiterpenes, a leevo- 
2^otat6ry one (07 «'p.c,) which gives Turner’s 
rci'^^tion (r. Copaiba), and^a dextro-rotatory one 
(33 2>-^*) which does not give it. -The oil boils 
mostly at 256®-260°,* and his D. 0*915-0*926. 

When the resin of wood Ail is extracted by 
alcohol, and aqileous solution of ammonia added 
and the amorphous rfsin which separates col- 
lected, the solution contains ammonium gurjunate 
from wihich gurjunio acid is obtafiied as a- 
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precipitate on the addition of a niinergi acid, 
and it may tln*^ bo I'ooryatalliHed from eiher or 
alcohol. Worner fdnnd it to melt at 220", and to ^ 
boil with decompoaition at 200". Gurjunie acid 
ia soluble in alcohol, benzenes and carbon di- 
sulphide, it may bo regarded as tri-hydratcd 
abiotic acid thus: This for- j 

mula agrees equi^ly well with Werner’s data, i 
It 18 probably identical with the meta-copaibic , 
acid of Strauss {v. (kirtMiiA). A compound, ! 
(boi^3o^^2> yielding a diacetatc is obtained 
from gurjun o^o-rosin find ent(‘r| commerce 
fts ‘ copaivic aci(W it is cry.stalline, melts ' 
at 120"--120", IS soluble in alcohol and ether 
but insoluble in water and ^alkalis (liiix, 
Monatsh. 2, 5l(i). 'I'he amorphous resin which* 
con.stitutos the chief part of ^Iw^-esin of wood 
oil consists of [furjoitsvnv 1^711280^, m.|). 

40"-43" (Tschirch and Wed, Aridi. Pharm. 1003, 
241, 372). The deposits, largely •rystalline in 
character, which are found in various sa#,n])les 
of gqrjun balsam, consist of re.sin alcohols or 
resin phenols, but' are insoluble in alkalis, in 
these it'spects resmubling aniyrin. 

in addit<fc>ii to its use as a sulistitute for 
copaiba, wood i^il is enijiloyed in Induu as i^ 
natural varnisli. esjiccially for .shijis. 

Ladaniim ; Lahdanum. A sticky, black- 
brown, soft oleo-resin, derived fiom (U^sfua 
poli/morphns (Willk.) and oilier species of 
G?s7?/s', inhabiting the Grecian Anhipeliigo and 
the shores of the Mediterranean {cf. Beiitl. a. 
Trim. 24). it is a variable mixture' ol resin, 
volatile oil, gum, w'ax, and earthy and woody 
imjiunties. The odour is fragrant, and it has a 
bitter ta.ste. Guiboiirl' (Hist. Drogues, 3, Odl), 
Pelletier (Bull. Pharm. 4, 503), Johnston (Phil. 
Trans. 1840, 344), Thi.seltoii Dyer (Pharm J. 
[iii.] 15,301 ; 1 0, 3cS5, 770). Poi' am^Iytical con- 
stants, .9c!r Dieterich (Hiiarm. Centli. 40, 453). 
P’or an account of tlu' dillereiit commercial 
forms’ of ladanum, its history, mode of collection, 
projierties and uses, src^Holuies, Perfumery and 
Essent. Oil Record, 1011, 2, 132. The yellow 
oil (0‘7-0*0 ]..c.) bods at 50"-185715 mm., i 
and contains ali;oIiols, phenols, esters, terjienes, j 
acetophenonc,and 1:1: ^-Irmutliylajclohexanone j 
'iMa8son4i<»'Omj)t. rend. 1912,154,617). Aecijrd- ( 
ing to BouTe- Bertrand it jio.ssesses the follo.win^ 
characters* 0*90?13, -- Ig" 10'; “ 

1*4800; acid number* 3 '7; sajifn. number 
22*37 ; ester number )8*G7 ; solubility in 90 ]).c. 
alcohol 0*5 to 5*0 1 olumes. • * 

LUDUlin . Lupultn ic gla nd.s ; bm p ulma ( Jjvp u - 
line, ; llopjcudrweti, Hopfenstauh, Ger.). 
The detached minute glands of the stroli^le at 
Humulus Inpulus (Linn.) contain volotile (Ml, 
a bitter acid, resin, ivax. Uumvlns, U.S, F. 
Hops and lupulin have betV deleted from the 
B.F. 1914. , 

Cf. myrcenc, i^-cjft’yophyllenc (toother 80- 
90 p.c.) hnalool, linaloyl isoij^onate, probably 
traces of a geraneolester %ndti little of a dlt^-, 
pene (Chapman, Clieii,. ISoc. Trans. 1903, to, 
506). The identity of the myi*cene was proved 
by Semmlcr (Ber.^BHl, 44, 2009); t-a-caryo- 
phyllene was identified with Cha^iman’s ‘ humu- 
lene ’ by I)eus.sen (J. Prakt. Chem. 1911, [ii.] 83, 
483). _ , . 

Commercial lupulin -has been examined by 
•Barth (Chem. Zentr. 1900, [ii.] 681), who f#und it 


to contain 18*27 p.c. of ash, 63*93 p.c! oi material 
sohiblo in ether, and 36*07 p.c. of lupulin husks. 
The portion soluble in eH^'i* contained 0*18 p.c* 
of wiix, 11*55 p.c, of a-rcsin, 43i’31 p.c. of 
^-rc.'<iH, 0*17 p.c. of ash, and 8*72 ji.c. bf fat o^), 
y-rc^un, &c. Tile jiropiu’tion of sand in com- 
imcreial lupulin varies from 10*<^ to 20*2 p.c. 

'I’he volatile oil which exists to the extent of 
about 0*9»p.e. (Fliick. as Hanb. 55^), consists 
according to Wagner (J. 1853, 516) and Personne 
(J. Pharm. Vh\m. liii.] 26, 2'3A, 321; 27, 22; 
J. 1864, 654) of a lerpcne, CioHie* bailing at 
175", and an (^'y^enated com})ound probably 
vulrrol, CgHjoD, which boils at 210" and on 
oscidation yieldi* valeMio acid. The latter acid 
has akso been detected in huf.s. 'j'he crude 
oil bods from 140" to 300". G/. M61ui ('bh^so, 
Montjicllier, 1867), and Ossijiow (J. pr. Chem. 
|ii.J 28, 448) Chapman (Chem. 8oe. Trans. 
(>7, 54, 780) finds tfiat the wil can be separated 
into two fractions:* one, boding at 166"- 17 1", 
jirobably a iiiixluic ol two hydrocarbons, 
and Cjglljg, and the other, ft sesquiter])ene, 
humiiicnc, Ciri^24» b.p* H)0'-I70" (60 mm.). 
The latlei gives a crystalline, mtrosochlondc 
melting at 164 "-165". 

The resins present in lupulin are divided into 
solt and hard resins, according as t li£‘y are soluble 
or insoluble in light petroleum (Hwf^'duek, Bicd. 
Zenir. 1887, 694). Tlic a-resm, a soft resin pro?" 
eipilated by lead ucetat*, contains a-lvpalirnc 
acid, wliicln when jiiire, is extremely resistant to 
chemical reagents but is rajiidly transformed 
into a resin at a high temjierature (Barth, Chem. 

1 Zentr. 1900. 111.] 915; Siller, Zeitsch. Nabr. 

I Genussm. 18. 241). The )3-resin, vvhieh is also 
i a soft resin, is not precijiitated by lead ac-ctate. 

I It ap])ears to be an oxidation product of an 
I organic acid, ^-lupulmic arid, first obtained from 
j hops by Bungerer (Tlull. Soc. chiin. [ii.] 45, 489) 

I To prepare fu])uliiiic acid, lupulin is extracted 
with light petroleum and the crude crystals which 
arc obtained on concentrating the solution are 
purilicd by rccrystalhsation from alcohol and 
alterwards from light potroleunn The acid 
crystanises in glistening prisms which melt at 
92"'*and become resinous on exposure to air 
(Barth and Lintne^ Ber. 31, 2022). The 
y-resin is insoluble in light petroleum. Siller 
(/.r.) finds it to be a mixture of at least two 
fiistinet resins differing in «irbon content and 
in solubility ill ether. • , 

For estimation of the rosins and then* 
bitterfless (a : jS : y~10 ; 7 : 4), see* Schmidt, 
Winge and Jensen (Cornpt. rend. Lalb. Carlsberg, 
1914,11,116). 

Huuiulou= ‘ a-Hopfenbittersaure ’ = ‘ a-lupu* 
linic acid,’ was finally purified Jls atcrystalline 
conipouiid C2 jH 3 q() 5,C0H4 (NHj )2 with o-phenyl- 
eiie diamine by Wollraer (Ber. 1916, 49, 780). 
Humulon, when pure is quite sftible 

and t>dour]ess, aftd almost tasteless. Several 
crystalline derivatives and fission products 
hg,ve been obtained. For other constitaients 
of hops, see Power, Tutin and Rogorson (Chem. 
Soc. Trans. 1913, 103, 1286) ; Chapman {ibid. 
1914, 105, 1895). • 

« Mecca or Opobalsam. Balm of Gilead. This 
oleo-resin is the balm of the Old Testament 
^d The Greek writess, and is the substance to 
which thifnaine ‘ balsam’ was originally applied. 
The term has, however, with advance of 
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discovery, dome to have another meaning, and is j 
now emjdoyod in a generfc sense for those resitis, 
(vleo-resins, or gum-re j;il![s which contain cinnamic, 
or benzoior acids (compare Balsams). Mecca 
(Voo-rcsiil 18 the product ‘of Commiphora opo~ 
halmmum (Engl), a tree gro»/ing in Arabia. 
Trommsdorff (N, J. T. 10, 02) finds it to consist/ 
of volatile o'df liO p.c. ; soft resin insoluble in alco- 
hol, 4 p.c. ^ hard resin soluble in alixo^.ol, 04 p.c. 
A specimen analysed by Bonastre (J. Pharm. 
18, 1)5) coiitainc*) only 10 p.c. of volatile oil, 
and the other constituents were correspondingly 
higher. In physiological acpoi'., the oleo-resin 
is allied to (iopaiba and the turpentines. 

Harj|wickla pinnata fiIeo-r«in. This oler- 
resin is an Indl’an substitute for cojmiba. It is 
derived from a tree nearly related to the Copai- 
fera, which inhabits the forests of South Tra- 
vancore Ohats and South C'^nara. A specimen 
examined by Flut^agcr and Hanbury (Pluck, 
a. Hanb. 2311) was a thick, black-looking, 
viscid fluid, which, when viewed by transmitted 
light in thin layers, was yellow-green or vinous 
red, according to the thickness. It had no 
fluorescence, nor was it gelatinised by heating, 
as is the ca.se with wood oil. liroughton 
(Ueddowe, ^^^ora Nylv. 8. India, Maibras, 1872, 
255) found 35 to 40 p.c. of volatile oil (CjHg)^, 
boiling at 226 Prom the resins this observer 
'‘was unable to prepare copaivie acid. 

Minjak-lagam. An oleo resin resembling 
gurjun was examined by Haussner (Arch. 
Pharm. 21. 241). It is dingy green by reflected 
and yellow' by transmitted light. It is soluble 
in alcohol, ether, benzene, chloroform, or carbon 
disulphide, and yields 33 p.c. of volatile oil 
C20H3.2, boiling at 250'^. The resin is composed 
of an acid C..JH24O3 and a neutral constituent. 

Sumbul oleo-resin {Racine de sumbul, Pr. ; 
Sumbnlnmrzel, Moschusumrzd!, Ger.). The root 
of *Rerula Sumbul (Hooker), or^ musk root 
(Bentl. a. Trim. 131 ), a perennial plant, inhabit- 
ing the mountains of Maghian, in the Khanate 
of Bokhara, is official in the United States {Suin- 
bul, U.S. P.).* It was deleted from the BJ?. in 
1914. When (jxtracted with ether it 'yields 
about 9 p.c. of a resin, having a musky odour 
and I p.c. of a bluish volaille oil. 

Reinsch (Jahrb. pr. Pharm. 6, 300 ; 7, 79 ; 
13, 08) obtained sumbulamic acid, a turpentine- 
like mass, which ^^issumes the form of sok 
yelh>w needles on standing, and angelic acid. 
Compare also Reinsch. and Riecker (Jahrb. pr. 
Pharm. Ifl', 12). Sommer (Arch. Pharm'! 138, 
1) investigifted sumbul root. On dry dis- 
tillation, the oleo-cesin gives first a greenish 
mobile oil, smelling like creosote, then a blue oil, 
lighter thall‘wa4'^r, and with a peculiar, not very 
agreeable, odour. Together with these, the 
same observer found crystals of umbelliferone. 

'l^rpentine. The oleo-resinovs exudates of 
various species of ComferoB. « ^ 

Crude or common turpentine. This is de- 
rived-'in Russia and Finland from the Pinys 
syhestris (Linn.), or Scotch pine; in Austria 
and Corsha from P. laricio (Poirot) ; in Souths 
Wojitern Prance from P. pinaster (Solander) ; 
and in the United States from P. palusirfhfi 
(Mill.), the swamp pine and the Loblolly pine, 
P. tc^a (Linn.) (Pluck. a^Hanb. 604; BentL 
a. Trim. 266-269). Tsohiroh and Nihdemfdt 
(Arch. Pharm. '*239, 167), using the method of 


examination of resins already described, find 
I the oleo-resin from Finns ^/Iv^tris contains : 

I silveolic acid, 1 '5 ; silvinolit acids a- and 6-, 
58-60 ; essential oil, 15 ; silvorcsene, 20-21 ; 
bitter substance,* succinic acid, and impurities, 
1-2 p.c. (cf. Sohkatcloff, Chem. Zentr. 1908, i. 
2097). 

The resin from Pinus laricictiVoiiai), Austrian 
turpentine, melts at about 100° and has a yellow 
colour w'hich on expoSure to light becomes red. 
On boiling with water for a long time and tjnen 
extracting l ith ether,* caffeic and ferulic acids 
were obtained and also vAnilhn (Bambergerf 
Monatsh. 12, 479> The resin is resolved on 
^digestion with ether into an a-modiji cation 
1 80 p.c.), whirh is soluble in ether, and a 
modification (zO'ptc.) insoluble in ether. When 
excess of potash is added to an alcoholic solu- 
tion of the a-resin or of the crude resin, a colour- 
less crystalhfie potassium compound is formed 
whiclf, w'hen treated with hydrochloric acid, 
gives a powdery precipitate of pinoresinol. 
'I’he caffeic and ferulic acids are in all proba- 
bility pre.sent in an uncombined state (Bam- 
berger, Monatsh. 15, 505). ^Puff»resinol can 
2)0 obtained crystalline, m.p. 122°, and has 
the eomposition CjeHaoUa- The jS-resin, on 
purification, forms a chocolate brown powder 
and appears to have the composition 

C;ioH3oO«(OMe)2 

Its properties are those of a lannol, w'hcnce it is 
named pinoresinol a nnol (Bamberger and Land- 
siedl, Monatsh. 18, 481). Tschirch and 8chinidt 
(Arch. Pharm. 241, 570) found 100 parts of 
the oleo-resin to contain : laricopinic acid, 25 ; 
laricopinonic acid, 34 ; essential oil, 35 ; resin, 

2 ; water, bitter substance and impurities, 3-4 
parts, 

Tschirefl and Briining (Arch. Pharm. 238, 
6.30) find in Bordeaux turpentine, the oleo-resin 
of P. pinaster (Solander), 6-7 p.c. of pimarit acid 
C20H30O2, crystals, m.p., 144°-146° ; 48-50 p.c. 
of a- and p-pimarolic acids ; 28-30 p.c. of 
08.sential oil ; 5- 6 p.c. of resene ; and 1-2 p.c. of 
sucoinic acid, alkaloid, colouring matter, water, 
and impurities. For concreted French turpen- 
tine, common frankincense or galipot, see 
SIesins, • ” 

Pjnus palustris (Mill.) is’lho ‘ long loaf pine ’ 
of the United States and is the chief source 
of the turjfontine and resin prepared there. 
In iOO parts of the oleo-resin, there are con- 
tained «mltthienic acid CjgHgQOg, m.p. 110°, 
5; palahietic tScid, OgoHggOg, m.p. 153^rl64°, 
6-7 ; palabieiinolic acids, .’53-67 ; 

oSsenrial oil, 20-22 ; palot>esene, 10 ; bitter sub- 
st&nce, impuritfes, and water, 2-3 parts (Tflchirch 
and fcoritschoner, Arch. Pharm. 240, 668). 

Canada (urpenMiie, Canada balsam, Balsam 
of fir. A pri^duct of the balsam or balm of 
Gilead fif, the Abies bhlsaypea (Mill.). This 
18 incorrectly cabled balsam, and it must not 
,be odhfounded with trv,e balm of Gilead or Mecca 
baisam {cf, Fliick. a. HiKib. 612 ; Bentl. and 
Trim. 263). A similar tuijpentine is obtained 
from the hemlock * spruce, ^ Tsuga canadewis 
(Carr.). ■ This has been investigated by Tschirch 
and Briining (Arch. Pharm. 238, 487). 100 
parts of the turpentine contain canadic acid 
CioHagOa, m.p* 136“-136°, 13; camdoUc acid 
crystalline, m.p. 143°-l46°, 0*3;* 
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a- and p~canadinohc acids, C19H3QO2, m.]|. BO - 
OS®, 48-50 ; CMential oil, 23-24 ; camdorescne, 
11-12 ; sncoinic acid and impurities, 1-2 parts. 
The oleo-rosin also contains an alkaloid soluble 
in water. On dry distillation^ formic, acetic, 
and succinic acids are formed. ^ * 

Venice turpentine, Larch turpentine. The 
exudate of the larch Larix decidua (Mill.), 
mostly obtained from the Tyrol. Tschireh and 
Weigel (Arch. Pharm. 23^, 387) have isolated 
lari^inolic acid, CgoHgoO,, m.p. 147®-148®, 
•crystals, 4-5 p.fi. ; a- and /3- lari^wlic acids, 
which n^y be iclentical, 55-00 p.c. ; 
essential oil, 20-22 p.c.; resone, 14-15 p.c.; 
alkaloid, colouring matter ayd impurities 
2’4 p.c. ; succinic acid, O'l p.c. (cj. Bam-^ 
berger, Monatsh. 18, 481 ; ^ lialubcrgcT and 
Landsiedl, ihid. 20, 755). 

Strasshurg turpentine is the yield of . tlie 
Silver fir (•S'f/pia, Pr. ; Weissianne <*l' hJdidtunne, 
Ocr.), Abies pectiruita (!)(!.). 'Phe mark^^t is 
supplied cliielly from the Vo.sges (Pluck, a 
Ifanb. 015 ; Bent), a. Tnn. 202). In 100 parts 
the turpentine contains abienic acid Oi3ll2o^^2> 
m.p. 114'^- 1^", 8 10 ; ahietric acid crystalline, 
m.p. %45"-153", 15-2; a- and 
ahietinolic acids. 40-50; essential oil, 28-31; 
ahietoresene, 12-10 ; alkaloid, colouring matter, 
water, and impurities, 1-2; sucemic acid, 
P05-0'08 ])arts (Tschireh and Weigel, Arch. 
Pharm. 238, 411). 

Canada balsam from Abies bahamca and A. 
zamtdensis is similar to the last two varieties. 

Hungarian turpentine is obtained from the 
Pinus p'unnlio (Haenko). 

Chian turpentine is the turpentine of the 
^Ider writers, and is derived from a small tree, 
Pistacia terebinthus (Linn.), which inhabits the 
shores of the Mediterranean and Asia Minor. 

Jura turpentine is ihe produel^ of Picea 
ixcclsa (Link). The riflsin mdts at about 100°. 
and when Jioiled with water gives an aqueous 
extract wTiich contains p-coumaric acid and 
vanillin (Bamberger, Monatsh. 12, 441). Tschireh 
and Briining (Arch. Pharm. 238, 610) isolated 
piceapimarinic acid crystals, m.p. 

144o_I45'^', 2-3 p.c. ; piceapimark actdi\3}i2o^Li} 

1 ’5-2 pyv ; a- and )3- pteeapimarohe acids 
O2BH44O3, 48-50 p.c. ; essential oil, 32-33 p.*c. ;» 
juroresene, 10-12 p.*. ; succinic acid, alkiooid, 
colouring matter, water, and impurities, 1-2 p.c. 
{cf. Tschireh and Kocli,i^rch. Phar Ji. 240, 272). 

•The rosin *from Pinus halepensis (Mill.) is 
used in Greece for preserving ar^l^ flv^ourine 
wine. It has been investigated by Tschireh and 
Schulz*j|Arch. Pharm. 245, 160). 

The resin oil from^mw5 longifoUn (R^^xb.ri 
a tree indigenous to the lower Himalayas, forAs 
a white rather tough opaque mass and Ifas a 
granular structure which i8*riue to the partial 
crystallisation of the resin acid, ^ The turpen- 
tine now largely gnaite from it in Goternment 
factories contains 1-a-pinene,^ ^-pinene, d-ca- 
rene, CioH,* and ddongifolerm*(ind C,5H24f (Si- 
monsen, Trans. Chem.^oc. 1920, 117, 570.) ® 

The resins of the Norway pine, Pinus 
resinosa (Solander) alid the*I)ouglas fir. Pseudo- 
isuga Douglasii (C&rr.), have been investigated 
by Frankforter (J. Amer. Chem4*Soc. 28, 1467 ; 
31, 561). Russian ‘white pitch,’ which is 
probably the product ot Ahies sibirica (Ledeb.), 
or of Pic€(t ohovata (Ledeb.) has been exiwnined I 


by Tschireh ahd Koritschoner (Arch. Pharm. . 
244,684). Brooks (Philippine J. Sci. 1910, \A]i 

229) has examined tl^ oleo-resin of PinvJ 
insuUdris (Endl.) and the resinous •saps from 
various pines have* been investigated b|r 
Sclikateloff (Chem. Zentr. 1908, i. 2097). 

I Tar V . Turpentine. , G. B. 

OLEUM. Fuming sulphuric acid {q.v.). 

OLEUM PIMENTffi i;.*Latjrtts nobilis. 

OLIBANOLS. Olibanol when isolated from 
oil of frankinconsc (r, olib^.num, art. Gum 
resins) by distillation in varud has b.p. 117°- 
ll9°/22 mm. and yjelds no pinononic acid Avhen 
oxidised by cohl iMTinanganaie. It is called 
a»idibanol to dislinguilli it from the isomeride 
/?-olibanol into which it i.s convci1:ed on distilla- 
tion at atnve.sphcric pressure (b.p. 210®~211°), 
and which yields pinononie acid on oxidation. 
a-Olibanol on reduetion by sodium and alcohol 
gives dihjfdio-ohbanol GioW^^O, b }>. 1(M)°- 

102 '/25 mm., vvhiclk has an odour resembling 
.sage and a])])cars to be an alcohol. It is 
charactcristMl by a crystalline* 
m.p. 135''’-137°. ^"Olibanol docs not show these 
properties. Another isomendc, y-olibanol,*b.p. 
1I4"-1 10715 mm., r/^®^01)502, isolated from 
a diflerent specimen of oil of frankinifense, gives 
no dihydro comjiound, and doee not ^ield 
j8-olibanol on distillation (Fromm* and Klein, 
Annalcn, 1921, 425, 208). 

OLIGOCLASE v. Fel Ht’AR. 

OLIVE, the fruit of Olea europoea (Linii.). 

Many varieties arc known. The fruit is 
largely used as a source of olive oil {v. Olive oil). 
It usually consists of about 80 p.c. of flesh and 
rind, 17'5 p.c. of stone, and 2*5 p.c. of seed. 
All ])arts of the fruit contain oil, but the best 
is obtained from the flesh. According to Kiinig, 
the following gives the average composition of 
the various parts of the fruit : — 


• Carbohydrates * 

Water Protein Fat and libre Ash 


Flesh 

30*1 

6*2 

51*9 

10*5 

2*3 

Stone 

9*2 

3*5 

2*8 

. 83*3 

1*1 

Seed . 

. 10*0 

18*0 

31*9 

36*7 

2*2 


whilst the ash has the following percentage 

composition : — ^ * 

KjO NajO CaO MgO FogOa PjOj SO3 SlOg Cl 
Flesh 80*9 7*5 7*5 0*2 0*7 1*3 M 0*7 0*2 

S^one 68*8 0*0 7*6 0*4 0*4 10*7 3*3 1*3 4*7 

sWs 30*3 2*0 30*4 1*2 0 1 28*2 2-4 5*4 ^*1 ^ 

Tlip fruit has an insipid, bitter t^te, and is 
usually pickled before being eatqn, salt and 
spices being used for the purpose. Tl;p following 
are American analyses of tlfe edible portions of 
pickled olives : — 

. **'CarDohydrale8 

Water Protein Fat and fibre Ash 
Green olives . 68*0 1*1 27*6 11*6 1*7 

Ripe olives . •04*7 1*7 25*9 4*3 '3*4 

Ground Olive stones or ‘ poivrette ’ have been 
used to adulterate pepper {v. Wynter l^yth, 
Foods ; also Martelli, Staz. Sper. Agrar. 1895, 
S8, 63). For results of the examinatic* of olive 
leaves and bark v. Canzoneri (Gazz. chim. jj;al. 
1906, 36, [li.] 372) and Power and Tutin (Chem. 
Soc. Trans. 1908, 93, 891, 904). According to 
Bourquelot and Vin^ilesoo (Compt.* rend. 1908, 
A'L^33),«>live8 contain a glucoside — oleoeuropein 
—^a yellow powder with bitter toslre, hydrolysable 
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by emulsiri, which is present in the fruit, leaves, not removed and are crushed together with the 
* and bark, yielding dextrose {v. also Power tncl fruit. In large establishments, however, the 
'Tutin, Pharm. J. U'OK, [iv.] 27, 714; kernels are removed and 'bruSiod separately, 

Vanzetti, Atti R. Accad. Lincei, 1909, *18, ii. yielding olive kernel oil. tables Oils (Fixed) 
,'8S). '* ' . H. 1. AND Fats.) The repeatedly pressed pulp 

OLIVE OIL. Olivo oil is oc'itained fnm the (‘ grignons ) stjll contains a considerable amount 
fruits of the oliye tree, Olca eumpcea {saliva), Lj', of oil, varying from 10 to 22 p.e. 'J'his pulp is 
The olive tree is probably indigenous to Westenf beaten with hot water in special mills— mow O-ws 
Asia, 'but ^was at an warly date intr>,diiccd into dc ressemr — resembling edge-runners. The oil 
all the countries bordering on the Mediterranean, cells are thereby fiirtl.er brolten up ; the ground 
More recently F e cultivation of the olive has mass, together with the water, is then alli^^wed 
been introduced into Clahfornia, South Africa, to run iiitr^a series ot vessels, Arranged in tiers,' 
and Australia. The olive ti'^^e Cli rives be.st in a where the water separates from tno oil and broken 
sub-tro])i('al eliinate, and its successlid eiiltiva- cellular tissues. The oil and the tissue rise to 
tion ei^tends in Europe a.s tar, north as lalitiide the siirfaei*, to bo skimmed off, whilst the 
44^". In AHi(‘riea it scarcely extends to ‘heavier crushed kernels fall to the bottom, 
latitude 34'^. Attempts have also hei'ii ma.(h' The latter aiV known as ^ gngnon marc blanc' 
in several parts of India to ciiltivade the olive The emulsion of oil and cellular tissue, whieh 
tree, but although it grows^well and flowers, the has hesen skimmed off, known as ' grujuon 
fruit .seldom matines. mate atm,' "s heated and siihjeeted to a fresh 

Tlio olives intended fo” oil production are exprxs.sion in a hydraulic [iress. The oil so 
gathered just before th(‘ period of maturity, as obtained is termed ‘ hude de resscnco,’ and the 
the oil ohtaiuc'd from the barely ripe fruit is pressed residue is known as ‘ tourfeau de 
much superior in rpiahty to tliat obtained from re.sseiice.’ 'J’he hndc do icsscticc is allowed to 
fully ripe or oviT-rifie fruits. rest in largo tanks at a sorneyliat elevated. 

The proporlion of oil in the fruit goes on tomy erature, when a clear oiFse])arates on the 
increasing i, to the maximum found m fruit to]) — ' htiilr clane de rcssenrv'' — and a lower 
which has r'xaohed eoinpiete maturity; it then layer of thicker oil ‘ Olivo Oil Oreaso ’ {pdic de 
decreases s!'>wly. The ripe olives contain uj> irsw arc) settles out. 

'"to 79 p.e. of oil. This figure is, however, an In some establishments the marc, instead of 
oxcoptional one, the fleshy part of the best being boded with wat^r, is thrown into ]uts 
cultivated olives containing only fiom 41) to w'here tb(‘ pulp undergot's a kind of fermentation, 
HO ]).c, of oil. The Algerian olives vary m their wlioreby the oil is set free and gradually rises to 
proportion of oil within wide limits, from the toji. Oil of this kind is Iniown as '‘hude 
p.e. to 32’98 p.e, (in the Jmnmap ohvi's). d'cufrr.' d’he name ‘huilc d’enfer’ is ajiplipd 
The (lahfornian olives also yield much .smallei also to oil which has sett led out from the waters 
quantities of od than (he best cultivati'd obtained from the jiress after inoisteuing and 
European varieties. boding the pulp, which has been stored in 

The technical prooe.sses employed for the underground cisterns (‘enfers’). U'o this class 
production of olive oil a>'o ’'still repri'sented by of oil belong the hagqj'jisa (bagasse) oils, which 
boCh the oldest and cnidest proet" ,ses {s<c jiri'- are obtained prmeijiahy in Portugal from 
paration of Oils (Fjvkd) \nd Fats) and by the fermented marc. These oils contai;,i as "much 
most modern methods adafitcd to large-scale as (10-70 ]).e. of free fatty acids, 
working. ‘ Touiuarit oil’Ts a. CMiiinoreial product of 

The very finest oils are obtained from hand- the quality of the ‘ huile.s d’erifer,’ obtained from 
picked fruits by first cnisliing (lu'm in’ a mill the fermented mare of expressed olives ; it 
without breaking, the kernels. Exceptionally contains a considerable quantity (up to 2(1 p.e.) 
fine qualities are prepa. eil by peeling liaiul- of free fatty acids, and therefore for-fps a very 
picked fruits and pre.ssing light ly, after carefully ^coiiijilete riiiulsioii (which constitute.^ its value) 
removing the ki'fiuds. The crushed marc is with a solution of sodium carbonate. (Such 
then expressial in hydraulic ])ress ; the oil d Turkey-rod oil was first employed for this 
^obtained ranks as the best edible oil — ' huile purpose by llaus.sinafdi, 1792, and then re- 
vicn/c,' ^ hiidc surjinc.' CommiM’cial brands of commended by Koeehlm Freres. 
this qualfty are ‘ I’rovenco Oil,’ ‘Aik Oil,’ ^ Thu, cuk<* remaining after the removal of the 
‘ Nice Oil,’ * Aar Oil.’ The oils sold as ‘ J^knest hu.de de ressemc, termed ‘ tourteau de rcssence,’ 
Tuscan Cfeam,’ ‘ I^iviera Oils ’ ((ienoa), ‘ Ban or ‘ saiiza,’ is finally deprived of its lastjcontent 
Oils,’ may also be ranked amongst the best v.f ojl by, extracting wi^i solvents, sometimes 
edible oilsFaltl uigh they are distinctly lower in a,j'ter a jirelimhiary drying. The solvent usually 
value than the oiks of the South of France, ana employed in France and Italy is carbon di- 
corae nearer the following somewhat inferior sulphide. Hence, " these oils are termed ‘ sulplio- 
quaVity. < This is obtained by piiuring some cold carbon oils,’ J sulphur olive oils,’ They have a 
water on the marc, after tite pressure in the deep grebn colour, due to thn chlorophyll which 
hydraulic press has been released, and pressing has been extracted by the solvent, and contain 
agar. Such inferior oil is also .sold as an edij^le tho‘more solid p.arti^,)n of olive ojl which has 
oil, either alone or mixed with the oil of the first r^Viained behind in the pcjilp. These oils contain 
expressitAi as ‘ Salad Oil,' ‘ huiie fine,' ‘ huih (k' large jiroportions of free fatty • acids as also 
fahiiP ordinaire.' notable amounts of faotone§. 

The pulp left in the press yields, after mix^g They differ from express'bd oils in having a 
with hot water and once or twice, a higher sp.gr., ipwer iodine value (77*5-80*2), a 

bright oil used for lubi^’cating purpose|, as high acetyl value, and lower solidification point 
burning oil, and for soapmaking. • ^ of the fatty acids {e..g^ 17 ’6-19 *7). Such ex- 

In mo.st of^he smaller works, the kernels are tractod oils not infrequently contafti traces of 
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carbon disulphide and of free sulphur. ^ They OLIVINE. An abundant robk - forming, 
may be recognised by the method suggei^ed by mkieral consisting of > magnesium orthosilicatw 
MiUiau of detel?ting^ thA carbon disulphide. For ^with variable amounts %f ferrous orthosilicat/ 
this purpose a mixture of 50 grms. of the oil, ^(MgjFelgSiO^, crystallised in the oithorhombic 
with 10 c.c. of amyl alcohol is distilled, the first system. TI16 member at the magneSium epd 
5 c.c. of the distillate collected^ ahd 4 c.c. of of thi.T isomorptous series is known as forsterite 
this distillate mixed with 1 c.c. of cotton-seed VMg2Si04), and tluft at the irpn end is called 
oil and a few mgs. of sulphur, and heated 'fayalite (Fo^SiO^). The latter is a common 
in a sealed tube for an hour. The test is thus constituon) of crystalline iron slags. Dislinctly 
the converse of Halphen^ test for cotton-seed formed crystals of olivine are of rare occurrence ; 
oil (q.v.). granular masses are more com-^aon. The colour 

• For the phy^cal and chemical chf*ractenstic8, ranges from pale yellowish-green to brown, 

^ee tables Oils (Fived) and Fats. ' depending on th(^ amount of iron present. 

►Some I'unisian olive oils are ho rich in The mineral is decomposed by hot hydrochloric 
glycerides of solid fatty acids that they deposit, ayid with sepaiation* of gelatinous si^^ca. It 
‘ stearino ’ on standing. Hence tliey arc unsuit-^ occurs in many basic and ultri^-basic rocks of 
able for tabic oils. 'Jdierefore.j^imfl Tunisian oils igneous origin {basalt, gabbro, jieridotite, etc,), 
must be ‘ demargarinated ’ (.src Oii,s (Fixi’m) and it i.s an important constituent of stony 
AND J^^ATS). mcteorite.s. Deposits ol diamond, platinuin, 

The extracted cake is sold as iranure. '^I’he chroinite, and nickcLorcs art usually associated 
press residues which have yielded siijierior^Junds with oliviiie-rocks , • and by the weathering of 
of olive oil, would be suitable for feeding cattle ; these rocks, .serpentine and associated deposits 
hut as the oil, whicli can be easily recovered of si'rpiMitine-asbestos (chrystdile), steatite, 
by oxtu'actjoii — about 10 ]).c. ot the residues magnesitt', ami meerschaum are formed. The 
— is too vi^jiablc, olive cakes are only used only direct pracljcal application of olivine is as 
locally and to ail^inconsiderahie extent ns ^attl«^ a gemstone; tlic clear, transparent stones are 
food. yeliowKsb-green {chryi,olit(‘) or nch*olive-greon 

Olive oil typifies eminently a non-drying oil. \pcridol) ni colour. Sji.gr. 3'3-3-3'J, H FeO 

On account of its coiujiarutively high piicc, it about 0 pc for gem -varieties. Sach material 
is adulterated to an enormous extent. How comes mainly irom tlie island of St. John iif" 
far the blending ol various olive oils of dilTereiit tlui Red Sea, and it ls ako collected from ant- 
qualitics should be considered a.s an adulteiation lulls in Arizona and New Mexico. L. J. S. 
must be decided in each given case. Un- OMEIRE. A drink resembling koumiss, pre- 
doubtedly the ‘ finest Nice oil,’ which lias been pared by the natives m South-West Africa by 
jirepared by blending a genuine Nice oil with lilliiig gourd bottles, which contain some fer- 

Tunisian oils or other olive oils, must be con- luciitcd nulk, with milk, shaking well and allow- 

sidered as of inferior quality. At present, olive ing to staiul. It is a thick, semi-cougulated 

oil IS most frequently adulterated with tea-seed liquid, jio.ssessing a jileasant wyic-iike snicll, 

oil, as the detection of this oil offers greater and a slightly sour taste ; it contains a little 
difficulties to the analy^ tJian tho.sttoils which alcohol (Arch. Phaftn. 1887, 744). 
w(‘ro jireviously used a mucli greater extent, OMNOPttN. Trade name for a mixtur# of 
VIZ. arachj^ oil, cotton-seed oil, sesame oil (rape the soluble hydrochlorides of o])iumialkaloidH. 
Oil). The adulteration with hydrocarbons has OMOROL r. iSyntiiktio Drugs. 
practically ceased forkh^Hinfjilo reason that they ONION SKINS. The outer dry skins of the 
are too easily detected, but during the period bulb of the onion, Allium repo fLinn.), were 
of the war substitutes for olive oil cornjiosed formoi^ employed for dyeing purposes. Ac- 
entirely ol purified jK^ti'^leiini oil were oxiim- cording to Lcuchs (Farberi, und Farbekunde, 
siyclysi^. J. L. 1825, 1, 431), ‘the (Jiiter skins of onion bulbs 

OLIV^NITE. A basic copjier ai’seifati* wdiich are of a brownish -orange colour have 
( 'uy(As()j),j‘Cii(()H)j| crystallised in th(‘ oHlio- long been used in (rermany for dyeing Faster 
rhombie system. It torniH small crystals of <^g.s yellow, and in conjund^on with alum for 
prismatic habit ; or tnorc usuaSy globular dyeing w^oolien, linen, and cotton materials.^ 
a^regates of* radiating needk's, sometimes ho The colour is fast and particularly brilliant, 
fine that the matenal has a velvety apjijjarancc^ From* Kurrer’s observations onion* skins are 
The characteristic olive-groen colour (lienee the very suitable foi' dyeing cotton, oif which they 
name)^ange8 from a dark shade in tlm crystals give a cinnamon- browm witlj acetate alumina, 
to pale or almost wjyte in the liiicjy fi^iroias a fawn wnth alumina and iron, a grey with iron 
masses ; the latter variety is known as wo(M- salts, and a variety ot slmdesc^itD other ad- 
co'pper. Sp.gr. 4T-4’2. It was formerly ^und Tlitions.’ 

is some abundance in the up^fer w orkings of the 4’he colouring matter was extracted by boiling 
copper mines near St. Day in Cormvall, and also the skins with ^stilled water for one hour,"* and 
in the Tintio district^in Utah. Hi Cifrnwall it the yellow extraction keeping gradually deposited 
has resulted from the alteration of copper- the impure dye as a pale olive precipitate. The 
pyrites and^mispickel, wl^le laiVtah the mrtther^ average yield was D3 p.c. This was extuacted 
mineral wa^ enargite^(Cu3A8S4). The arsci^c* with alcohol, the concentrated extract treated 
is sometimes . partly Teplaced by phosphorus, with ether and the ethereal solutiorj* washed, 
forming a passage t(7 the isSmorphous and very until a tarry precipitate no longer separated, 
similar mineral IMMnite (0u3(F04)2’Cu(0H)2) On extracting the ethereal solution with dilute 
originally found at Libethen in^Hungary. afkali the whole of the colouring matter was 

L. J. S. removed, and on neutralising the altaline liquid 
OLIVER’S BARK.o Tlie dried bark of # ^Alow ^ireoipitate was thrown down, which 
Cinnafnoni^ Olmri (Bailey), was purified by orystallisatiofi from dilute 
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.alcohol. The acetyl compound melted a* 1 
Vl 91 °» ami there could Ife no doubt as to m 
Vntity of this colomfcg matter ^""‘*”.1 
(I’erkin and Hummef, Chem. &oc. Trans. 189 >, 
(W 129^f). Attempts t(» isolate a quercetin 
clucoside from onion skins hav# hitherto •failed, 
and itseema that such a chmpound is absent, 
at leasj^ in the outer dry material. A. tr. i . 

ONOFBJTE. Sulptiide and sclcnWe. of mer- 
cury Hr(S,So), containing So 4-(>-H-4 p.c. It 
is found only f.assive, but is probably iso- 
morphous with 


morpium» will.. Tdtifl. SUDSianee . 

halite (HgS) and X Uompoaed. The grains 

granular material has been found at San Oi olre ] 
in Mexj^io, Tilkcrode in the Hi^rz, Marysva e i-i 
Utah, the Black Hills in tSouth Dakota, and the 
Wan-shan-chang mercury mines m prov. Kwei- 
chou, Central China. B. h. 

ONONIS ROOT. Contains a glucosido 
onomn Co.Ho«(),i/ fanning colourless noodles, 

Tp 2I(U! dJconiposcd by dilute acids into 
dextrose and ononctiu {v. Hemmelmayr, Monalsh. 

1902, 133; 19oS, 132). 

ONOSMA ECHOIDES. Onosma cchouh.s is a 
biennial iilant frequent throughout the Wosb'rn 
Himalaya from Kashmir to Kumaon. It is 
widely distoiited from Siberia and Caihut to 
Pranf-e (Watt’s Hietionary of Eooiiomio 1 ro- 
ducts of India, 1891, 5, 487). The roots are 
violet coloured and yield a dye which is readily 
extracted by alcohol, giving a rod solution, but 
this is very sparingly soluble in water. In 
various districts of India it is employed for dye- 
ing wool, and on account of its .solubility m mbs 
and fats, to which it imparts a red 
nsocl as a substitute for alkanct, Accoidii g to 
Watt (Lc.) th(‘ bruised root is em])loyed medicin- 
■ ally as also arc the leaves and flowers of this 

^^^^T*he general properties and eolpur reactions 
of dye pre.sent ir the root are very 
those given by alkaiiet, and there can be htth 
doubt that it contains either the same or closely 
allied colouring matters. A. tr. i . 

ONYX. A variety of chalcedonio siuca 
differing from agaty only in the straightneHs and 
parallelism of its ihffe«mtly-coloured layers, 
and so suitable for engraving as cameos 1 he 
alternate bands of colour are usually white and 
black, or white and red ; in sardonyx they nr‘' 
white and brown. Most of the onyx witn 
■intense differences in eoloiir, ""'v 
the market, has been coloured artihciaily by 
chemical intans {v. Aoate). h. J. o. 

OHYX-MARBL?, Algerian onyx Mexican 
onvx or ‘ Oriental alabaster (also called 
■ onvk ' iiP »n«ent times and n the marble 

trXof the present day). A '’“tl-iro 
lucent variety of fibrous or granular cal cite, or 
mai^le, rusceptible of a fine perish, and much 
used, both in ancient and modern times as an 
ornamental stone. The 

distributed in bands or cloudy ^ 

to the presence of ferrous carbonate and ferim 
hydroxSfos, and to a less degr^ of manganesf. 
oxv.le8 and organic matter. For ^ 

green marble from Anzona contained 4 27 p.c. 
l.WO„ and in its hrownish-md (oxiis^) 
portions 1-42 p.o. FeCO, yith 3 53 P-«- 
1 The percentage of calcium carbonate faLs 

below 90. Ortyx-marbie is quarried in Algma, 


Mexicfl, and Arizona. (See G. P. Merrill, The 
Onvxllarbles: their Origin, Composition, and 
Uses, both Ancient and P‘ 

Mus for 1893, 1896, 639 ; G. P. Mernlj, Stones 
for Building an^ Hccoration, 3rd edit New 

^^OOLITE (f^bm o)6v, egg, and \{0os, stone) or 
Roe-stom (Ger. Eogeiwfeiti). Material Bhowing 
oolitic structure consists of an aggregate of 
small (usually less tthan 1 mm. diameter) 
spheroidal grains, which may be loose or more 
often cemqptcd together by tfce same kinS of. 

, X +VxrxTvi(aAlvpa fire 

substance of which 

composed. The graixio .. x 

coneentric layers around a central nucleus of 
foreign mnterral ; but sometimes they show an 
internal radifiUng crystalline structure. Such 
an oohtic atrncture is met with in a variety ot 
minerals and rocks, but more particularly in 
Imiostone (if-v). ; and for this reason the term 
oolitp is often lirmtc.l to an oolitic limestone 
By geologists it is applietl, not only to such 
hmestom's, but also to the whole series of beds 
forming the iqiper part, above the Lias, of the 
1 .Turassic system, it being here tha^, oolitic lime- 
Lstonea are typically dcvelopeil^. l^xxamples are 
\he well-known building stones (freestones) sue 
a.s the Bath oolite and the Portland oolite. All 
limestones of the oolitic period do not, how- 
ever, necessarily show an oolitic structure. J h 
Uohtic strata also include clays (c.q. the UxtorU 
clay), whilst in Yorkshire they are represented 
uiamly by sandstones and shales. Oolitic 
limestones are, further, not eonhned to this 
system, but are met with in sedimentary strata 
of all geological periods, e.g. in the Carboniferous 
Limestone of the Bristol district. At the present 
time thev are forming in the lagoons of coral 
islands, and an oolitic calcareous sand is found 
on the shares of the (B’eat Salt Lake in Utah. 
The calcareous materii!ir<jf the oolitic grams m 
limestones consists of the mineral calcite. . Jn a 
few instances, however, it is aragonite, as in the 
material (Sprudel 8 toin)Ti 9 W 
the hot springs at Carlsbad in Bohemia. Other 
minerals which sometimes exhibit an oohtic 
structure are: quartz, e.g'. from Center Co., 
Pennsylvania ; colourless opal (hyalite) deposited 
„by^ the hot spring of Tateyama, ^pa^ v^! 
JimbO, Bertrage Min. Japn,n, 1906, 1, 11) , and 
varifms iron-^^rcs. Amongst the last-named are 
the carbonate chalybit%(e.^. the iron-ores of the 
Cleveland district in Yorkshire), the oxides 
hematite k.g. the Clinton ores of the United 
h^tates) and mt^gnetite (e.g. at Rosedale in.Ueve- 
land), the hydroxide limomte (e.g. the miiottes 
«f Ixorrainc), and the hydrated silicates chamosite 
froin Chamose^ in WSllis, berthienne from 
HaV'angc in Lorraine, bavalite from Brittany, 
greenahte from nMesabi in Minnesota, and 
elauconite. In some of these cases the oohtio 

structural no 'doubt reprerents that of the 
stones which have been replaced metasomatically 

bv the iron-ore.' q _ , ,.x- x 

A structure of the' same kind as oolitic swuc- 
ture, but in which the giains arq larger (about 
the siae of e pea) is knol.n as 
name niadile (from peas, and kWoi, stone), 
or pea-atom (Ger. Erbsenstem), >« »PP“®“ 
certain limestones, and also to the globular 


aragonite from Carkbad m Bohemia. 


'X. Js S. 
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districts in northern New South Wales, The 
Queensland opal oocurt in cracks in nodules of 
iaspery brown iron-ore, aAd is remarkable for it# 
Drilliaht blue and green colours ; that of White 
Cliffs, discovered in 4889, occurs in ‘a whit# 
sandstane of Creiaoeous age. Opals are usually 
but en cabochon^ i.e.*with a coiyrex surface, but 
\he Queensland stone, occurring in thin layers, 
lends itseli to cameo-work, the brown ferru- 


OPAL. Colloidal silica, occurring native in 
botryoidal and*stal%otitic forms, or as irregular 
masses occupying cracks and cavities in certain 
rooks. It is softer and less dense than quartz ; 
its hardness being only to^ 6f, while its 
sp.gr. varies with the impurities present from 
1-9 to 2-3, and for the purer forms 2-1-2-2. 

Being non-crystalline it should exhibit single j loncis iiseii to cameo-worK, tne orowu iciru- 
refraotion, but many varieties, especially of [ginous matrix forming an effective background, 
nobjs opal, are strongly birefringent ; the | ‘ Black ojal,’ enclosing patchi^s of manganese 


»anomaly being |^probabTj» due to sthe strain 
(^t up» by unequ^ contraction m different 
directions during the solidification of the 
gelatinous mass. Opaline sihca is nearly always j 
hydrated, but the proportion of water varies^ 
from about 2*5 to upwards ^o^ ^0 p.o. The 
substance is almost wholly soluble in a hot 
solution of potassium hydroxide.* 

The purest opal, known as hjaiite or water- 
opal, occurs as colourless, transparent m^ses, 
resembling glass. Semi-opal is a name applied 
to the dull, opaque varieties, generally more or 
less impure. M^enilite or liv€r-oj>nl is a brown 
opaque minenal, occurring as nodules in tlie lor- 
tiary strata of Iho Pans basin, especially at|^ 
Memlmontant. Wood -opal is simply wood 
fossilised with opaline silica, and retaining the 
ligneous structure, which produces a pleasing 
effect when the substance is cut and polished ; 
hence it is used in slabs as an ornamental stone. 
Uydrophane is an opal, which when dry is 

S e and dead white, but absorbs water 
y when moistened, becoming transparent 
and sometimes exhibiting a play of colours. A 
fine variety found in Colorado has been brought 
into use under the name of ‘magic stone. 
Common opal is a general term for any opal 
which does not display sufficient colour to 
recommend its emplov^tnent for decorative 
purposes. According tw its appearance it often 
receives tribal names, such as milk-opal, wax- 
opal, &o. Fire-opal, found chiefly in Mexico, 
exhibits a brilliant hy#cfhthifte or orange colour, 
which renders it of some value in jewellery. But 
the finest variety is the precious or noble opal, 
a substance which is unique in exhibiting by 
reffeoted hght a vivid play of iridescent colours. 
The causS^ this phenomenon has been stm^cd, 
by Brewster, Crooke«, Behrens, Lord RayMgh, 
and others. By most authorities* it has Dcen 
referred to the presence (4 numorous^iioroscopic 
pofes, fissures,^ or strife in the interior of the 
stone ; but Behrens considers it due tl^ inter- 1 
position of thin lamelles of opaline^natter having^ 
a diffeAnt index of refraction from that of the 
matrix (Sitz.-Ber. Akad. Wiss. Wieq, M^th.« 
naturw. Cl. 1871, 61, 519). H tke colours pr<f- 
oeed from distinct patches, Uke a briUiant mdlaic, 
the stone is termed in tra«te harlequin opal. 
Precious opal is a mineral of verv limited dis- 
tribution. The oldest* mines are Xhos* on the 
DubnilrHill, neaf the village of Czerwenitza 


oxide and exhibiting a brilliant play of colours, 
has recently beom biund at Lightning Ridge in 
northern New South Wales. 


^ Tn addition 4o th^ compact forms ^of opal 
mentioned above, there are «Cl 80 loose and 
friable forms of opaline silica represented by 
silieious sinter or geyserito {q.v.) (deposited by 
the hot springs of Iceland, New Zealand, and the 
Yellowstone Park in* Wyoming) and by diatom - 
aceous earth or diaiomife [q.v.) (consisting of 
the silieious skeletons of diatoms and radiolaria) 

• L. J. S. 

OPHICALCITE V. Marble. 

OPHIOTOXIN V. Snake venom. 

OPIANIC ACIDS {dimethoxy-o-aldehydroben- 
zoic acids). Three isomerides are kjiown : — 

co^ 

Meb/'^.CHO-* 
Meoi^y 

CHO 

MoOi^.COaH 


Opianic acid (m.p. 
frorn narcotine — 


160^ 


^-Opianic acid (m.p. 121° 
from berberino 


MeO 

MeO 

Me(> 


'V 


/ 


,CHO 

'COaH 


m-Opianic acid (m.p. 185°) 
from cryptopine • 

§ 

w -Opianic acid has been synthetically pre- 
pared from 4 : 5-djmethoxyphthalonic acid (1) 
by boiling with a solution of sodium hydrogen 
sulphite, or (2) by digesting anih’no-m-opianic 
acid wfth dilute hydrochloric acid (Fargher and 
W. H. Perkin, Clhem. Soc. Trans. 1921 , 1 19, 1724). 

OPIAURIN. Opiaflic acid and phenol, when 
heated together with strong sulphuric acid, give 
rise to an intense yellow-red dye. The reaction 
tnkes place between the ald«kyde group of the 
acid and the phenol • • 

C,H4QCH3){C02H)(CH0)+2C,H,*0B: 

=H30-fCeH3(0CH8)3*(C02H)*CU(C3H40H)8 

This compound leucopiaurin^ is oxidised during 
the process to opiaurin CagHigOj. The best 
results are obtained by stirri^ intimate 
Aixture of opianic acid and phen^ into sulphuric 
acid (60°B6.), and keeping the mixture well 
cooled. After ^4 hours it is throwi^ inft> a 
large quantity o^ cold water, and the pre- 
cipitate, when washed and dried, freed from 


nnhnik-HiU neaf the village of Czerwenitza oipiiare, wu«u wanxiyix 

VorosTigis). nfilT Eperjes. in [tarry matters by extraction with hot bewne, 
(Hunganan,, vorosv^ *«, ^,.1 in « POiJiaurin is soluble m alcohol, ether, and glao^ 


fnunganau,, , - 

Czechoslovakia, wher^ the opal occurs m % 
matrix of andesite. * Slffbs of matrix, or mother- 
of-opal,’ enclosing brfUiant Articles of the gem, 
are polished as oftiamental stones. Opal is 
also found at Gracias -A-Dios, in Honduras ; at 
Queretaro, in Mexico ; near the Barcoo nyer, 
and several other spots in southern and central 
Queensland* and at White Cliffs and ^ther 
VoL. IV.— T. 


'O^aurin is soluble in alcohol, ether, and glacial 
acetic acid, insoluble in benzene a«4 light 
petroleum. It can only be obtained in |he 
amorphous condition. It dissolves in alkalis 
wifh a purple colour ; the solution in alcoholic 
arajnonia becomes br^jwnish-yellow 5n heating, 
bft the piwple colour returns on cooling. 

Sulphurous acid does not reduee it. Opianic 
2 z 
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.acid reacts m a similar way with other phenols, 
the reaction can he used to detect the 
^iresence of opianio agiJ, as also of an aldehyde^ 
group in aromatic compounds ; the reagerfts are 
s,*^parateiy dissolved in an excess of cold sulphuric 
acid ; on mixing the solutions thr^coloratior. takes 
place at once (C. Liebermanrf and P. Heidler, Ber.i 
20, 873 ; J. Soc. Chom. Ind. 6, 541). ^ 

OPIUl^ 

Origin. — Opium is the milky juice of the 
unripe capsules ’'f Papaver somniferurn, (Linn.) 
or opium poppy, obtained by incision and in- 
spissated by spontaneous evaporation. The plant 
(v. Bentl. a. Trim. 18) is perhaps indigenous 
to Asia Minor and neig;hbounng districts rf 
South-Eastern '‘Europe and Western Asia; but 
it is now cultivated more or loss throughout all 
temperate and sub-tropical countries. It ex- 
hibits, however, morjihological differences. The 
two most important varieties which, according 
to Boisaier, are cultivated for the production of 
opium, are glabrimi, with subglobular capsules 
and ton to twelve stigmata, and album, with 
egg-shaped capsules and without apertures 
(Flora Orientahs, 1807, I, 116). The former is 
grown in Asia Minor and Egypt, and the latter 
in Persia and ladia. But besides these varieties 
there, .are mkior distinctions, the petals in the 
same variety> differ in colour, and may be white, 
red, or violet, with a dark -purplish spot at the 
base in most cases, i The seeds are white or 
dark-coloured, and contain from a third to half 
of their weight of hxed oil. I’hc capsules are 
provided with a lacticiferous system from which 
the juice exudes when they arc incased. This 
milky juice is present in the plant in all countries 
whore it has been grown, and ojiiuiii may be 
ooUocted provided that tlio rainfall is not too 
great and the temperature neithi'r arctic nor 
entirely tropical. That its 'production is con- 
tinid for the most part to Asia M'nor, Persia, 
India, aiuUChina, is determined by other con- 
siderations such as the value of land and the 
cost of labour. 

History . — ^The drug was known early in the 
third century b.o. to Theophrastus. Sciwonius 
Largus, in the first century a.d., describes the 
method of preparing it and remarks that it 
should only be made from the capsules ; for, as 
Dioscorides, writing a little later, points out, two 
sorts of opium wor^^v in use at that period. Onv 
these, the opium proper, was prepared from 
the capsules, and the other, ‘ meconium,’ w^as 
extracted from the entire plant by means of a 
solvent. Siinilar accounts may bo found in the 
works of Pliny and other Latin writers. The 
opium of the classical period, and indeed the 
only variety kn.::.wn till tne twelfth century, was 
exclusively that of Asia Minor. The nations of 
the East appear to have learned of opium from 
the Arabians, and it seems proba^ile that the use 
of the drug was favoured by the Mahorpedan 
rohibition of alcohol. They are supposed to 
avQ introduced the drug into China in the niu^h 
century. Egyptian opium, ‘ Opium Thebaia- 
oum,’ is ‘mentioned by Simon Januensis about 
the^^end of the thirteenth century. At this time, 
and three centuries later, according to Prosger 
Alpinus, meconium was still prepared in the 
Thebaid in Upper Egypt. , 

In India opium was collected eaVly m^lie 
sixteenth centfiry. Barbosa describes a vanety 


produ()pd in Cambay. Pyres, the first European 
ambassador to China, writing in 1616, mentions 
three varieties of opium^ ol?,tain‘ed respectively 
from Egypt, Cambay, and from the kingdom of 
Cods. The last-mentioned district is Kus Behdr, 
south-west of Bhotan in Bengal. Garcia d’Orta, 
a little later, remarks that Cambay opium is 
chiefly derived from Malwa. . The opium pro- 
duction was a State monopoly m India under the 
Moguls, and after thewictory of Clive at Plassy 
in 1767 the monopoly passed into the hands of 
the East J(;idia Company. Ipfe manufacture ■ 
thou greatly increased, ancUit has gone' on inr> 
creasing until within the last few years. It was 
during the soyenteenth century that the first 
accounts reached us of the production of opium 
in Persia. Kampfer found that the ‘ theriaka,’ 
which had long been held in high esteem by 
neighbouring nations, was made by mixing the 
linor sorts of opium with spices. 

T^ie Chinese obtained their opium from India. 
Until the beginning of the eighteenth century it 
formed part of tlie return cargo of their junks. 
The importation was then small, and it was used 
almost exclusively m medicine as oi remedy for 
(jlyscMjtery. The imports did ;iot reach i,000 
chests (Malwa chests contain one pecul, or 
133i lbs., Patna chests 160 lbs.) until 1767, when 
the trade was mostly in the hands of the Portu- 
guese. In 1 700, under the East India Company, 
it had become 4064 chests. It was at this time 
that the habit of smoking began to spread in 
China. I’o promote the trade the J^ust India 
Company established an opium dep6t of two 
ships, M'hich lay off the island of Macao, at the 
entrance to the (Janton river. The importation 
went oil increasing, notwithstanding that it was 
forbidden by the Chineso Government in 1796, 
and that an edict was issued in 1820 prohibiting 
opium-ladcui ships froin.entering the river. The 
trade, which between 1820 and 1830 had risen 
to 17,000 chests annually, then asBumed a con- 
traband character. Complaints, however, con- 
tinued, and when in 1830 it was decided to 
enforce the law, tliis, together with other diffi- 
culties, led to a war with England which termi- 
nated in tlie treaty of Narikmg in 1842. By this 
treaty five ports were opened to foreign trade, 
-lAiid the island of Hong Kong was ceded to the 
British Government. The export of opium 
from India iirvo China, which m 1870 amounted 
to 65,000 o’.ests, ineressed to 96,000 chests in 
1880. Owing to Chinese ‘home productiiSn, 
jtioweviv*, tlrf^ importation of Indian opium then 
began to decrease until in 1890 it fell to 70,000 
chests and in 1907 to 60,000. RecenHyit an 
i lapqytant movement haajarisen in Chii^to put 
a stop to opium smoking throughout the Empire, 
and io this end gradually to terminate both the 
home production di^the ^ug and its importation 
from India. ,With regard to the Indian impor- 
tation, t»iie wish of Chitia has been ijiet by 
the Government of this country, and not- 
withstanding tEA serious loss which it entails 
tO^he revenue of India, which in 1880 amounted 
to R8.8,6(K),00(), and to the Indian poppy cul- 
tivators, the British Goveriiment, reciprocating 
the views expressed by the Chinese, entered into 
an agreement, 'Uie effect of which has been that 
the Indian exportation to China came to an 
end in 1913. , 

Nymerous attempts had been made during* 
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the seventeenth and eighteenth centuries to 
prepare active condensed extractives f ronropiuni, 
but no constifhen^of'a definite nature was dis- 
covered until the beginning of the present 
century. Derosno in 1803 noticed a separation 
of crystals on diluting an aqueotfe extract of 
opium (Ann. Chim. [i.] 267). Theirj 

basic character was demonstrated by llobiquet 
in 1817 {ibid, [ii.j 6, 276)» and the compound is 
now called mircotinc. ilerosne noticed that 
opium solutions are precipitated by alkalis, but 
th^ght that t^ precipiyte was tlU same com- 
ipoum^ which he ha^l previously isolated. Seguin 
in 1814 described what was probably the chief 
active constituent of opium {ibid, [i.] 92, 225), 
but to isolate in a definite ftVm and mak* 
known the basic properties of ij^^phine was re- 
served for Setiirner, an apotht'-cary of Fhinbeck 
in Hanover, whose work extended from 1806 to 
18 1(). During the same inquiry, %iin JHOfi, Se- 
tiirner also brought to light wf conic witli 

which the morphine is combined. Morphine was 
the fii'st compound known belonging to the class 
(A vegetable bases, which has since become so 
important ;t^or although narcotino was isolated 
just befori*, its jitojicrties as an alkaloid we^-e not 
ascertained until aftcrwaids. further liistoncaT 
and other details will be found in the article on 
Ofiiurn in ‘ Pharmacographia ’ (Fluck. a. Hanb, 
272), from which many of the facts given have 
been obtained. 

ProducLinn. — Asia il/uior.— Opium is collected 
in Asia Minor for the most part by small 
peasant proprietors, the largest quantity being 
obtained in those countries lying to the west, 
and having Smyrna and Constantinople for 
their ports of shipment. The product (»f these 
countries is the Turkey opium of English com- 
merce, and of all available varieties it is the 
richest in morphine. The pojipy* grown is 
the variety glabrum pf Boissier. ^ The flowers 
are purplj^h or sometimes white, and the 
seeds Vhiro to deep violet. The plant grows 
in elevated as weU^ a% lower situations, and 
requires a moist soil and much attention and 
skill on the part of the cultivator. Details 
of the mode of preparing the soil and manage- 
nrnrit of the crop are given by Maltass (Pharm. J. 
[i.] 14, and Heffler {ibid. [ii.] 10, 434), ain^ 
in the official directions drawn up by the Tutkish 
.Government for the promotion wf the c^iium 
culture in Macedonia (ifca/. [iii.] H%918). The 
oit)p is sometimes destroyed by early frosts, 
drought, or the attack of locusts. seed 18 
sown from November to March, ^nd the flower* 
ing tatgs place from May to July. In this way 
aucces^e crops ot c|^sules’ bocome^reac^ ftr 
incision during a peri^ of abou^- three months, 
and a saving in the cost of labour is effected.* 

In the course of a few dwys, after the petals 
have fallen, when the capsules are some 1| inchea 
in diameter, they are* ready for Acisiiin. This 
is done transverse^ around the middle by means 
of a knife. ^The operation is^fie requiring <8kiU, 
for if the incision b^not deep enough an to-* 
complete flow, o^ juiCe results, and it it be too 
deep some of the jufte is loit inside the capsule. 
The incisions are illade in the afternoon, g^nd the 
exuded and partly hardened juice is collected 
the following morning. It is scraped off and 
placed on a poppy lea{f *Ma88es of hardened 
.juice thus Obtained are ailowqd to stand^n the 


shade to dry still further, and ar^ then mad© 
ihjbo lumps of varying«ize and sold to dealers iri 
the towns. By these thi opium is manipulat^ 
into eakes suitable for th^ market, ^veloped m 
poppy loaves and pgckod in bags, into which 
Bura^ fruits %re thrown to prevent the caae 
adhering together.* The bags are then sealed 
i and transmitted to Smyrna anti Constantinople, 
where tho^ are opened i}^ presence of th6 seller, 
the buyer, and a j)ubhc examiner. T7ie examiner 
scrutinises the drug piece by^-piecc, and by its 
physical characters tlassifles it as (1) prime, (2) 
current, and chiqinti. The ‘ current ’ con- 
stitutes the great iftilk of mercantile opium. An 
i^uportant addition Li» the jirofits of the opium 
culture 18 the sale of popjiy seedf from #hich the 
oil i.s expressed and used for a variety of pur- 
poses. It is a bland, limpid, drying oil, of a pale 
colour (Maltass; liefller ; Sehorzer, Pharm. J. 
[iii. l 11, 835). . • 

Turkey ojuum, it a])pears in English com- 
meice, consists of rounded masses, generally 
from i to 2 lbs. in m eight but sometimes larger 
or smaller. Externally it is covered with poppy 
leaves and Itumex ‘ chaff.’ It has a bitter 
taste, and jicculiar, though not altt^gether dis- 
agreeable, odour. The iollowing arg among the 
more important districts, the prodiicts of which 
come to (kmstantmojile : Boga^itz ; "Kara- 
hissar-Sahib ; Kuteliaya ; Baluklnsaar ; Kurksr 
gatseh ; Ismid or (tIiovc, Jhc jiroduct of Geiveh ; 
Beybazar ; Angora ; Malatia ; and Tokat. In 
addition to these the (.lonstantmojilc market 
receives the opium of Macedonia and, until 
recently at least, small supplies from Bulgaria. 
The cultivation of opium in Maoedonia com- 
menced in 1865 from seeds brought from Kara- 
hissar. In 1882 the districts of Kotchava, 
Straumnitza, and Tikvish exported 135,000 lbs. 
by way of Salonica, whence it is termed collec- 
tively fSaloi^ca opium. The opium districte in 
Bulgaria arc Kusteiuhl, Lowtscha, |ind Halitz. 
The produce is mostly consumed by local 
pharmacy ; but, while the country remained 
under ’I’lirkish domiiiKm, any surplus found its 
way t# (!onstantmoplc. 

The maiket at Smyrna rgceivcs the products 
of Afluin Karahissan Ushak, Akhissar, Tan- 
shauli, Isbarta, Komyeh, Bulladan, Hamid, 
Magnesia, and that collected m the neighbour- 
jjood winch is known as Yeijji. 

In the English marlA't,* Turkey opiujp is 
divided into three classes, known as ‘ shipping,* 

‘ druggists’,’ and ‘ manufacturing ’ »pium. As 
shvppiJig opium are classed those varieties which 
contain the least proportion insolubfe in water, 
and which yield the greatest quantity of extract 
adapted for smoking. These a|n thi opiums of 
Galatia, Tokat, Salonica, Balukhissar, Kurka- 
gatsch, Bokaditz, and ‘ prime ’ Angora and 
j Yerii. This oijpum is exported to Ch^a, Jeru, * 
I the West Indies* British Guiana, Brazil, and 
for reshipment, to the United States. Drug- 
gistu' opium is selected for a high perc|^tage 
of morphine and includes the varieties which 
tre used in medicine. It has a fii*ner con- 
sistence and a darker colour than the others. 
In England the products genera.Uy chosen ire : 
Bby bazar, Yerii, Karahissar, including Adet, 
Ajpasia, Akliissar, aj^d ‘ current ’ Smyrna and 
An^ ra ; rfor America, Ushak, Yerii, and Kara- 
hissar ; and for the Continent, Gli6ve. All these 
m 
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varieties haVe been used for the preparation of Perj(w.— The quantity of opium produced in 

Alkaloids, the deciding factor being marl^t ^rsia'has until recent years been small and 
^ce. f . inferior in quality. The ^r(||pige^, the Teriak>e- 

Good l>irkoy opfbm contains, when* dry,' Arabistani was obtained from pizful Shus* 
upwards •of 12 p.c. of mQji'phine. Jf less than ter, in Khuzistan^ A good quality was produced 
10 p.c. is found in a speciiii^n adult^pation near Sari aftd Balfarush, in Mazandaran, near 
may be -suspected. The f c^lowing are typical ' Ihe Caspian, afid in the southern province of 
results obtained In recent years by the method J Kerman. Inferior sorts came from Shahabdul- 
of assa'y official in tho British Phan^iacopoeia : azira, Kashan, and Kum. Tlfe cultivation ex- 
Malatia 1 1*0-1 T76 p.c., Tokat ll*6-13-4 p.c., i tends into Turkestan, Avhere a sort of meconium 


Hadji Keni 11-5 ^pc.. Druggists’ ll-0-12*G p.c., 
Marmora 10-3 p.c., Tikvish ]3‘4 p.c., Kumanova 
13’4 p.c., Keuj)rulu 14'3 p.c., l^htib 13*4 p.c., 
Siraumnitza 13*1 p.c. — all in the normal moist 
condition; the moisture varied ^’om 25 to 35 p.^*. 
T’he opiifm used*in medicine in the British Kmpiro 
is required w'hen diied to contain not less than 
0*5 nor more than 10*5 p.c. of anhydrous 
morphine, unless used as a source of Tincture 
or Extract of ()])iui», when A may contain, after 
drying, not less than 7*5 }).c. ^Biit. Jdiarm. 1014), 
while the official requirement in the United States 
of AiiKinca is thsit. the opium in its normal, moist 
condition, should yield not less than 0*6 }».c. of 
anhydrous inorjihine, but ‘ opium granulation ’ 
must yield not less than 10 p.c. nor more 
than 10*5 ;i.g. of anhydrous mori»hine (U.S. 
Pharm. ix.). . 

Among Die various adulterants which have 
'been detected, from time to time, in Tuikey 
opium are : sand, clay, grajic-juice thickened 
witli Hour, lig-past(q liquorice, half -diied apricots, 
tragacantii, pounded popjiy capsules, and even 
turpentine, stones, and bits of lead. 

AV/ypO — Duly a small quantity of opium is 
now exported iioiii Egypt. Owing to its in- 
ferior quality it is not regularly imported 
into England. (Small consignments are, how- 
* ever, sent to Turkey and oilier countries on 
the Mediterranean sea-board. It is cultivated 
in «IJj)por l^gypt near EsnoJi, I^pnneh, and 
Assiout, thje ancient Thebaid. Allen, in 181)1, 
describes the collection of opium from a 
white poppy The capsules are slit twice trans- 
versely, and* the juice collected the following 
day wiHi a sort of scoop-knife, and plaeorl on a 
loaf, in the sun, to garden (I’harm. J. lii.] 4, 199). 
The product is sent out loi cakes, enveloped in 
poppy leaves, but without Eumex fruits. 
According to information siqiplied to Martindale, 
the best opium is collected at Akmim, on thp 
righ^' bank of the Wilfe, 320 miles above Cairo ; 
while at Assiout, 250 miles above, an inltirior 
quality is produced. A piece of Akmim opium, 
in the form mf a hard flat cake, four inches in 
diameter, And one inch in thickness, contained 
7*24 p.c. of morphiiie. There was the mark of j 
a leaf adher ing, to it, and it had a rough and 
irregular appearance. A specimen from Assiout,' 
consisting of segments of a cake, much softer 
and bvidqntly adulterated, yielded only 0*6 p c 
of morphine {Pharm. J. [iji.], 19, 743). Other 
specimens have given 6*8-12*2 p.c. (Giiibourt, 
J. 1862, 374), 3 *4-3 *9 p.c. (Petermann, J. 1866, 
701), and 5*8 p.c., together with 8*7 p.o. of 
narcotineo(Fluck. a. Hanb.), It has also becq 
shown by Gastinel that opium can be made in 
Egypt containing 11-12 p.c. of morphine. The 
fact that it generally contains only half thi-t 
proportion due p.irtly to an over-moist soil 
and unskilful collection, but also donbtlesi it 
adulteration (EHick. a. Hanb.). ‘ 


is also manufactured. Part of these products 
went overland to (ffijjpLa, by vtSay of Bokhara, i 
Khokan, arfrl Kashgar, and ^mfther parkfoun^ 
its way to Constantinople, by way of Trenizond, 
to be sold as Turkey opium (Fliick. a. Hanb.). 
^loro attentioif is, however, now given to the 
cultivation ofclj^e plant and the collection of the 
juice, and there less adulteration, the result 
being a great increase in the trade. The poppy 
cultivated is^he variety album (Boissier), having 
rouiK^isb ovate cajisulcs, Sliiraz and Behbahan. 
the lattei in the neighbourhood of Bushire, and 
other new districts, furnish supplies (Pharm. J. 
[ill.] 1 1, 894), and old centres like Kum, Teheran, 
and Yezd, have improved the quiyVty of their 
juodijyt {ibid, [iii.] 15, 113, 43$)). ' Ispahan has 
now become the chief centre of the opium culti- 
vation, the other important districts being 
Shiraz, Yezd, Khonsar, and also Khorasan, 
Kerraanshah, and Ears. 

About the year 1870 a regular export trade 
of Persian opium was establislied by water from 
the ports of Bushire and Bunder Abbas, in the 
Persian Gulf, and the q^uantity exported in- 
creased rapidly. By far tlie greater part is now' 
shipped from these ports directi to Hong Kong, 
wliere it competes in the market with the jiroduct 
of Patna, Benares, and Malwa. A smaller part 
' is shipped to the (Straits (Sottlenients, and the 
rest to Enf^land. A less important trade con- 
tinues with Gonstantinojik?, by way of Trebizond 
and Samsun,* and part of the opium mode in 
Teheran, Tabriz, and Kermanshah, also finds its 
way to Smyrna. e ^ 

In (ffiiiia, Persian opium has, to a certain 
extent, replaced Indian opium owing to its 
being manufactured to suit the Chinese taste. 
After it has been once smoked the residue in the 
jiipcs, if the opium is of good qual^^, can be 
U8ed‘ mixed with fresh opiiipi some six or seven 
timeA, whereas Benares opium cannot be used 
thus more t^an once, [^jbe smoke of the Persian 
opium 18 milder and in consequence m«:e 
suitable to tropical climate (J. Soc. Chem. Ind. 
1892, OH)). ' ^ 

The greatly increased consumption of<opium 
i% Pepia has led to ‘the extension of the ftultiva- 
tiafi of the pftppy ovot the whole country. 
The ‘^•apsules are ready for cutting at the ’ 
beginning of June«^j, Since the lightest coloured 
opium commands the best price in the market, 
the incisijms the popjoy heads are made, at 
sunset and the exuded sap ib collected before 
sunrise, as sunligfit discolours the product. 
'Virtioal incisions are' made, and fhe juice is 
collected and conveyed t^^he market in copper 
vessels. There it is* manipulated to suit the 
tastes of buyers in Hong Kong and London, 
whither it is exported between September and 
January. One of the most celebrated products 
is that of the village ‘ of Kupa, a short distance 
east ©y spahan. ^ 
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ine opium tor home consumption in Persia 
18 prepared by adding 20 p.c. of foreign’matt^r 
to the orude'bpiqm after its volume has been, 
reduced one-sixth by evaporation. The added* 
material is usually ‘ sarcocoila/ the resin of 
Pcncca mucronata (Linn.), but Sometimes a 
boiled extract of dried poppy h^ads, the seed oil 
wild rue, and oxtfaet obtained by stecxnngl 
fresh poppy leaves in water, are added. The 
mixture is then boiled slowly for 3 hours with | 
constant stirriim,^nd the paste thus obtained is 
kneaded and ^lled inhi small sticks for the 
■mark^. The opij^m left in the* pipes after 
smoking is prepared for further consumption 
by being mixed with about 10 p.e. of raw opium 
and is then smoked as Ttriak-michie (burn* 
opium) or is eaten in the forgi*of pills. The 
opium for export which is sofcl in lumps is pre- 
pared from the raw opium bv'^rying iiti^ its 
bulk is reduced by about a quaii^'r, and then 
adding from 60-70 p.c. of grajie j nice ,or other 
unknown ingredients. This ojiium is homo- 
geneous and it does not present a granular 
appearance like the Turkish ojiium ; it is also 
remarkabl 3 ^niform in moisture content, averag- 
ing about lu p.i. Assays of a large numj^ier of 
samples conducted according to tlie method oT 
the British Pharmacopoeia during the past ton 
years show from 9-12 p.c. of anhydrous nioi- 
phine, with an average of 10 '3 p.c. 

India . — Opium is one of the most important 
products of India. It is a State monojioly of the 
Bengal Government in Bchar and Benares, and 
is cultivated free in the Malwa and other districts 
of the native States, whence on arrival in British 
territory it pays duty. 

Some years ago, large quantities of Indian 
opium were reguuirly exported to China. To- 
wards tlie close of 190(>, however, the Chinese 
Government ordered that within teii years the 
growth and oonaumj.4fon of opium in China 
rausb be suppressed. In 1907, an agreement 
was clhncmdcd whereby the amount exiiorted 
to China from India ijhOuld^ie reduced annually, 
and in 1913 the sale of opium to China was 
brought to an end (Bull. Impor. Inst. 1916, 
507). 

^ The ^ea devoted to poppy cultivation in 
Bengal Jppprisos the large central tract of’thi 
Ganges, about six hundred miles in length and 
twd hundred in breadth. It exiwnds eatA and 
west, from Dmajpur to Agra, anil north and 
8<>uth, from Gffirakhpur to Hazaribagh. Accord- 
ing to Watt, the average annual ^ea^ctually 
occupied by the poppy in Bengal for the lasr 
thirty* years has been 490,000 acres, but in 
consequence of the elation of expoi^t to^hhia 
the total area in Incua has gradually decreaflcd 
from 769,000 acres in 1903-4 to about 2^,000 
acres ifl, 1912-13 {l.c.). Tike Sthto does not 
restrict the cultivation of opium ; but it is a 
monopoly in the senae that whaf is •ultivated 
must be sold t(r the Government at a price 
agreed upo|i beforehand. object of ^bhese 

regulations is to pre’^t^ihe neglect of ceretls,* 
for the poppy, oultnre is very much more 
profitable ; in Mal’f a it i# said to realise from 
three to seven tifhes as much as the qrdinary 
crops. The opium of Behar an^ Benare.'» is sold 
at auction in Calcutta, part is retained for con- 
sumption in India, the^reSt being available for 
, export to fhis 'and other countries. 


The remainder of the opium raised in India 
isb produced by tlie native States. The mosi 
important centre is the^broad tableland of tlm 
MalWa and the adjoining^elopes of ^he Vindhya 
Hills. The opening |)f the railway has given a 
greattittipetus |o the cultivation in Rajputana 
and Malwa. SmaWer quantities are produced 
in the Punjab, not only iif the plains, hut 
to the e^tward of Laiiore, in the v«lley of 
Bias, as high as 7600 feet above tli(?8ea. Kulu 
also produces excellent opi^tm. It is raised 
in Nepal, Basabir, and Rampur, and at Doda 
Kashtwar, at ^he base of the Himalayas, in 
the Jammu territory (FI lick. a. Hanb.). Nearly 

J |ll the opium girodubjcd in the native States, 
lowever, enters British territdly, an^f pays a 
duty according as it comes from the districts 
of Ahmcdabad, A j mere, or Malwa. It is then 
sent to Bombay, whence it is shipped under the 
general name of MUlwa opii^m. 

The iioppy growji in India is of two varieties : 
Bengal opium being derived mainly from white- 
flowered races, while Malwa ^])ium is largely 
obtained from plants with purple flow'ers (Bull. 
Itnpor. Inst. 1916). In addition to the dangers 
to which the crop is exposed m Asia Minor the 
(ilant in India is liable to the attac^ of a para- 
sitical species of broom rape, OroJ^ancJie hidica, 
which attaches itself to the roots apd caulcs the 
plant to wither. The factory fur the Bchar 
district 18 at Patna, and for the Benares district 
at Ghazipur, where the Government agents are 
stationed. In Benares and Behar the seed is 
sown in November, and the capsules are ready 
in February or March. They are then incised 
or scarified vertically, by means of an instru- 
ment called a ‘ mishtur,’ constructed of several 
blades bound together {cf. plate, Pharin. J. [i.] 
11, 207). This operation is repeated, in the 
course of a few days, on different sides, each 
capsule beipg scarified from two to six tmics. 
The next morning the juice, which Jias exuded, 
is scraped oil by the use of a sort of concave 
trowel made of sheet iron, called a ‘ seetoah,’ 
and collected in earthen puts.* The poppy 
capsulbs are afterwards utilised in a variety 
of .ways and the oil expro^ed from the seeds. 
In Malwa the capsuies ar-e ready in March or 
April. A somewhat different instrument is 
fused to collect the juice, and from time to time 
i^his is dipped in linseed oil^to prevent the juice 
I adhwing. Owing to the^he^vy dews the 
i in India is much more moist than in Asia Minof 
'l(«.«[i.]l 1, 209). • 

When freshly collected the juite consists of 
a wet granular mass of a pinkish colour, from 
which there collects in the oottom of the vessel 
a dark coffee-coloured acid lii^id iipasewa ’ or 
•‘pussewah.’ More of this liquid is separated 
by draining, and the opium is then cardTuUy 
dried by exposure to the air, but protqctedWrom* 
the ^ys of the bun. The drying is continued 
' some three or four weeks until the moisture is 
j reduced to 30. p.c., the amount allowedly the 
Bengal regulations. In this state it arrives at 
4 )he Government factory, where it is^examined 
physically and chemically, and if satisfactory is 
' admitted. In the factory great care is takefl, by 
iflixing low and high quality opiums, to send 
o^t a uniform product. It is manipulated into 
lain, andcovered with poppy petals, which have 
1 been driei^ carefully. ^ The patals are made 



to adhere together into a sort of shell by moans addressed to the inspector-general of customs at 
bf a liquid called ‘ lewa ’ o» ‘ lewah,’ made partly I*|tkingf the annual yield of the three provinces 
opium and partly of ^pasewa.’ The spherical .Yunnan, Kweichow, and‘‘ Sjiechden, was esti- 
cakos, whicl^have a di&mcter of about six itjches, ’mated at 41,000 peculs. In the same ^ear it 


if a liquid called ‘ lewa ’ o» ‘ lewah,’ made partly Picking,* the annual yield of the three provinces 
opium and partly of ^pasewa.’ The spherical .Yunnan, Kweichow, and‘‘ S|iechden, was esti- 


aipd not unlike in appearajace a 24 lb. 8h(5l, are was reported tha4f two -thirds of 8zechuen and 
rolled in poppy ‘ trash,’ powdofed stalks, cap- one-third of ‘Yunnan was devoted to the poppy 
sides, and leaves, put into eti,rthenware moulds [(Calcutta Blue Book, 206). In 1882 the annual 
and exposed to fno sun. If blisters form, the I production in the south -West of China, chiefly 
cake shl^dls are opened, ^ he gas alio wet^ to escape the provinces of Szechuen and Yunnan, w^as 
and then ti^tly closed again. After three days, estimated at over 200,/)00 peculs, or more than 
about the end of July, the cakes are put into twice the whole importation from India (Pharm. 
frames and exposed to the air. They there J. [in.] 13, 225 ; J. i’‘.jc. Chenl^Ind. 1890, 74). 
remain, with consl.ant watching, until Octobei, In 1885 the» imports of Indyi-n opium ir\,]VIaii-, 
when they are packed in chests, which contain chuna had fallen to only 6 p.c. of what they were 
wooden comjiartments fos- 40 ^sakes, and thp in 18()(), its place being taken entirely by the 
interstices are Irtosely filled wuth po]>py ‘ trash.' etative drug (Pfuirm. J. [iii.] 18, 280). In 1887 
The chests, which contain HiO lbs., are then the district of )iVenchow was occupied almost 
ready for exportation (Eatwell). The so-calh'd eiitiri'ly in the ^iroduction of opium. The 
medicinal (Benares) ojiium sent to this country country, viewed from a hill-to]), wais, in many 
in recent years is ])hu;*cd in jiaper bags and paciked jilace.s, one v^nst brilliant mass of pop]>y, with 
in a chest without coni])ai;tments, eaidi chc.st here and there a patch of green (.1. Soc. (diem, 
containing 80 cakes of 2 lbs. each. The moisture Ind. 1888, 409). The consul at Niew Chang, in 


content of this qnahty is from 12’5 to 15 p.c. 
That which is consumed in liulia, ‘ ahkai 


Manehurm, reports in 1889 that, although 
twenty years before 2535 peculs of Indian 


opium, is ])repared somewhat differently. It is opium sup])lied the whole province,/! that time 
dried by exposure to the sun until it eontams |ilie ])prtot Yingtzu alone eonsufieo 3744 jieeiils 
only 10 p.c^ of moisture, in wdiieh condition it annually. Tins enormous demand was being 
admits of beyig moulded like wax. It is made met almost entirely by the native drug, 
into kquai’o, bricks about 2 Ihs. in weight, Opinrn is miltivated chiefly in Szechuen, 
'firapped in oiled paper and packed in boxes Yunnan, and Kweichow, to a less extent in 
furnished with suitablQ coinjiartmeiits. Except Shanse, Shense, and Shantung, also in eastern 
that the aroma is not quite so good, ‘ ahkari ’ Mongolia, and in Manchuria. The development 
opium IS equal in quality to that prepared for of the ]) 0 ])]iy cultivation has been so great in 
exjiort (Eatwell, Pharrn. J, [i.] 11, 209, 300, 3.59). many jiarts ot (dima that it- has seriously inter- 


The opium of Malwa and other native dis 
tricts is not so uniform in quality as that ol thi 


fered with the siijiply of ccieals. For this 
reason, smeo the famine, it has been prohibited 


Govornment factories. Malwa opium contains in iShcn.se, Jlonan, and Chilili. In Kwaiigtung 
only about 5 p.c. of moisture, and it is sent the soil and climate are not smtahlo, and in 
out in bricks or rounded masses wdiieh are not Kuhkecii the production of sugar is equally or 


incased in pojipy petals. 


j more rcmu»erative (Holmes). In Szechuen, the 


'I’he poroeiitagc of morphine in I»tlian opium | poppy is a winter crop, li«d may be gathered in 
is much le.s^ than that found in the opium of j tiim; to allow rice to be planted, atjil thus not 
Asia Minor. That which has reached this j interfere with the summer produce. ‘'The' yield 
country during recent years consisted of ‘ medi- j of opium is about 22 lUk. ^to the acre. Every 
cinal ’ and ‘ alfkari ’ opium, both from the Benares | part of the plant has a use, if only for manure, 
factory. Assayed by the British PliarmaiT-ipoeia 1 and thus the total return amounts to about 
method, the morphjne content was found to be | double that of cereals. As soofl as tbe Buinmer 
remarkably uniform ovcn' a wide range of j crop is reaped, the soil is prepared and^manured 
samples, varying from 7 to 8 p.c, on the undried i )»dth night-soil. The seerls are sownjq* Decein- 
drug. I her, Ip drills 4 foot apart, the white poppy 

Small quantities pf morphine salts sometinieg | bein^the mosit commonly cultivated in the low 
reach this country ^'rohi India. They are made j grounds. After a montlsj when the plants are a 
tne Govornment laboratories at Ghazipiir i few inches high, the rows are *^thinned arid 
from opium which has been confiscated on ! banked ^ip ♦v^th earth. In March or April the 
account of adulteration, and are not likely to 1 flowering takes .place, and at this time the roots 
become an* important article of commerce (J. ' are again well manured with night-soil.*^ The 
Soc. Chem. Ind. 188fl, 917). I csipsuJes are slit in April^ May (Pharm. tJ. [lii.] 

the prohibition, in 1913, the | 13^225). ’According to Tnorel, the scarification 
Chinese consumed a good deal of the opium*! and ISollection is precisely the same as that 
exported from India, Asia Minor, and Persia, ; earned on in Indiw^f Some Szechuen specimens 
'in adHitio;i to that produced in (^hina ; but for | seem to have been collected with tbe use of oil 
some years prior to this date, tfio trade had been : as in Malwa (i*liick. a. Hoab.). 
a diminishing quantity in accordance witli the j Yunnan and Szechuen op?um is made into 
policy of the Chinese Government. It is not | flat ^akes and wY^pped in white pg.per. It is 
possible to estimate the amount jiroduced ih ; BaSkor and softer tha:h that of Persia, which it 
China, bu^ some idea of the enormous mcreasq j resembles. Chekeang is w tret^ly extract sold 
may be gathered from consular and other reports. ; m 2 to 4 lb. jars. The prifduct of Shense was 
The Various attempts of the Chinese Government supposed to resemble in flavour the highly- 
to prohibit the manufacture of opium hai^ prized Patna (wurn. Yunnan ranks next and 
had little leftect. It was /bout 1830 thatyt then Szechuen (Holmes). A specimen of Chinese 
began to bo produced in notable quanlities. • _IA opium, examined b]^^ contained : — 


opium, examined by contained 


1869, in a Report on the Trade of Hank<5w, | Moistiye, 18 p.q. ; morphine, 6*9 p.c. (or 



OPIUM. 


7*2 p.c. in the dried drug) ; narcofine, 7*6 p,c. ; Greece, Italy, Spain, France, Switzerland, Ger- 
ash, 7 ’5 p.c. (Report on Trade of H|,nkow). many, England, and Sweden, to cultivate opium. 
Authentic specimens* examined by Sheppald atid the results have l^hown that, providing th^ 
gavethefollowingJiorGentages of morphine in the* soil ^elected is suitab^ and the rainfall i*at 
dried Spium ; Szechuen, 2'^ Kweichow, 2*5; excessive, it is possible, in all these countries, 
Yunnan, 4'1 ; Kansu, 5'1. Eatweli in Szechuen to produce opium o^ual to that of A*8ia Min#r. 
found 3 '3 and in Kweichow 6*1. •Sheppard found* The liiost impoftai^t European experiments have 


6 to 14 p.c. of moisUire and 36 to 63 p.c. of| been, conducted in France. product called 
extract soluble it water (Fluck. and Hanb.). ‘ affium ’ has been made at C3(!rmont'!|'errand, 
Mozambique and Algeria . — In 1877 a Portu- which is^aid to contafh uniformly 10 p.c. of 
guese company was founded to commence the morphine ; but it has not become an important 
optum culture in Mozambique (Pharni. d. [iii.] article of trade (Fliick. a. Manb. ; Aubergier, 
8, 1007 ; 10, 6^, 13, 44n). In 18|2, according Pharni. J. fiii.] 16, 603). Some interesting 


^8, 1007 ; 10, 13, 44'^). In 18|2, according Pharni. J. fiii.] 16, 603). Some interesting 

*to Glfyot, some tHree hundred laDourers were investigations been made in the neighbour- 
employed in cultivating Zambesi oiiium between hood of Amiens, where 8])eeimens of dry opium 


the Muto and Quaqua rivtu’s. •The yield coim tvero })rodnced«cont^ning 16 D,nd 20^ind still • 
pares favourably with that i% India. The higher percentages of morphine. It was observed 
produ ot is said to be largely adiiftxed with foreign by Descharme that the morjihine diminished 
substances before being made,^into 600 gram when the juice was slowly dried, and the peculiar 
balls, which are packed in boxes containing odour of the dru |4 is ascribed to a species of 
poppy ‘trash,’ and coveied wifb indigenous fermentation (.1? Idmrm. fdiim. [iv, | 6, 222). 


cotton (Oompt. rend. 96, 798). These *l)a(!ls are 
sometimes seen in the English market. Aceord- 


Guibourt found the percentage of morphine 
in French ojiium to vary from 12*1 to 22 8, the 


ing t() more recent advices, the comjiany lias latter being the highest propoftion of morphine 
been obhg^ to go into liquidation, and the ciilti- ever recorded {ihxd. [in.] 4], 184, 201). Other* 
vation has »ec^al)andoiied (Phariu. .1. [in.] 21, analyses of Frenoh opium give 17 '6 p.c. (Dcs- 
87). Opium has been collected in Algi^’ia ift oharme, (Wpt. rend. 40, 34) ; 17 6 (Chevallier, 
small quantity since 1828 {\h\d. [i.] 16, 348). Fluck. a. Hanb.); 8'2 (Roux, J.el866, 717); 

A .dried speciinon examined by’Guibourt con- IPl to 11 '9 (Petermann, dahrb. 186(4 704). 
tained 12’1 ]).c. of morjihim^ (Jahrb. 1862, 374; German opium from Erfurt contatned 16’6 and 
Aubergier found 1-6 to 17 '8 p.c. (Ann. (.’him. 20 ]).c. (Biltz, Gm, 16, 416) ; from Wurtemjbe^^, 


[iii.J 20. 303). 


12 to 16 p.c. (Hesse, Pluck, a. Hanb,); and 


Australia . — The production of opium com- from Hilesia, 9 to 10 p.c. ( Hesse), 
meiiccd about 1868, and the first specimen Experiments have been carried out on the 
reached this country from Victoria, and was cultivation of pt)p])ie8 for opium production in 
examined by Morson in 1869. It contained, the gardens of the Pharmaceutical Institute of 
according to Hood, 2 p.c. of morphine and 8 p.c. the University of Berlin. The amount of opium 
of narcotine (Pharm. J, [iii.] 1, 272). Specimens obtainable from poppies in that latitude is 
containing 4-2 to 7*1 ]>.c. of raorphmo were satisfactory; but the cost of collecting it proves < 
sent to England in 1870. They w^o nroducod to be too high (pioms, Zcitsch. angew. Chem. 
in the village of ^•nbury, near Melbourne 21,2208). The poppy is rarely grown in Russia, 
(llotid). About this time the cultivation w'as although tffere are many districts with a suilable 
commeiKrfn in Gippsland, and opium containing soil and climate. Samples of Rifssian opium 
9 p.c, of morphine, 4 },-bc. o^narcotine, and 6 p.c. from the Sseniiretschinsky district contained 
of meconic acid, wa^ obtained (Ward, [ill.] about 7’6 p.c. of morphine (Gqldberg, Chem. 

1, 643). The Toow'oomba district in (Queensland Zeit^6, Rep. 367). 

also furnished lome good specimens {%hid. [iii.] Experiments in North America led to the 


also furnished fome good specimens {xhid, [iii. 
1, 972), 


Experiments in North America led to the 
same results as in Europe. Specimens from 


• The^^ihief part of colonial opium in, the I Vermont containec? f6'76 p.c. of morphine 
MelbouTn*e market comes from the Ba.cchl!B | (Procter, Amer. J. Pharm. [iii.] 18, 124) ; from 
Marsh district, where the cultivation h&f been Illinois, 8-76 p.c. (Kennedy, ifeid. [iv.] 1, 6) ; and 
carried on for years, ^ The sowing takes place f from California, 7'76 p.^ ^Maisch, ibid, [iv.] 3, 
•t three peiiods, about the first week in May, 103b • • 

the second or third week in June, and the latter F^r the figures given on p. 712 relating to the 
part of July. By this means paFili ol^the cr»p trade in opium, acknowledgment *18 made to 
matwe in succession. The average yield is 15 the Director of the Imperial Institqjie. 
to 2^ lbs. to thi acre, but in a good season as • 

much as 30 to 40 11^ are obtained.* In flu^pe Exports of Opitim from Pers^ in 1913. 
the average yield to the acre f« 26 lbs., W in, ConsulafRei)bto.) 

India 30 to 40 lbs. Wmm the capsules are ^ 

ready, two incisions arc made horizontally, half- Through Mohammerah . 163,62% 

way round, and tjie juice wkich^ exudes is •Bushire . . 30S,126 

collected, the nekt morning. A few days later • Bunder Abbas . none recorded 

other incisions are made, yintil the capsule ^ Khorassan . . 169,016 

is exhausflbd. The opi«m ts manipulated ^nto ♦ ” * ■ • 

balls and carefully d#led. In quality it approxi- 6IU,662 

mates to the pi^di^t of A|ia Minor. A specimen* 

gave 11-6 of iiorphine from the dry drug. Microscopic examination of opium ai^d the 
Another from Queensland •coptained* 9*8 p.c. constituents extracted by solvents (Deane and 


(Matthews, Austral. J. Pharn* Nov^ 1887) 
Europe and North Awcnca.— Attempts 
been made in most* European countriei 


Brady, Pharm. J. [ii.] 6, 234 ; 7, IgS). Examples 


Awcnctt.— Attempts have Ifif^ analvBos : Persian opiurn (-W.'D. Howard, 
most* European countries, in] ibid, [iu.] 6, 721); Australian opium (Warii,* 

• % • 
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Imports or Optum into ras IJn^ited Kingdom. 

(From t^e ^Annual Statement of t^tf Trade of the United Kihgi^ra.’^, 


c 

Quantities. 

Values. 


1915. 

1916. 

1916. 

1910. 

From — 

*lb. I* 

lb. 

£ 


India • * • 

. 149,004 1 

456,376 

161,730 

364,376 

^ong Kong . 

. 13,720 ' 

8,068 

14,019 

8,983 

Per^a . * . 

.• 493,894 

193,283 

496,864 

228,061 

European Turkey 

. 192,618 

27,061 

240,610 

46,090 

Asiatic Turkey , 

. 21,671 

1,760 

21J83 

3,000 

France 

. , — 

822# 

* — 

1,326 

Other countries , 

, . » . 80,806 

7,930 

95,776 » 

12,408* 


951,713* ^ 

694,880 

# 1,020,672 

653.234 


9 I 

Exports of Opium prom India. 


(From the/ Accounts of the Sea-borne Trade < 
, Quantiiie.<i . « •. 

British India.’) 

Values. 

To — * 

1915-161 

Chests 

1916-171 

Oiiests 

191B-161 

Kupees ^ 

1916-171 
Rupees ^ 

United Kingdom . 

J99 

— 

361,600 

— 

Straits Settlements 

606 

239 

1,017,250 

{^^’,025 

Java .... 

. 1,835 f 

1,966 

3,120,800 

<^5,129,650 

Siairv .... 

. 1,700 

1,200 

2,837,450 

2,876,700 

Inclo-C'hina , 

. 2,035 

3,440 

3,350,650 

8,190,396 

Hong* Kong. 

734 

450 

1,187,330 

724,176 

Japan 

. 1,080 

963 

1,808,260 

2,383,070 

Mexico , * . . 

. 460 

— 

779,675 

— 

Other countries . 

138 

453 

239,035 

1,070,165 

Total chests 

8,786 

8.710 

14,701,840 

20,966,180 

-- cwt. 

. 12,878 

: 12.760 

-£980,123 == 

£1,397,679 


ibid, [lii.] 1, 543 ; Mattliews, Austral. J. J^harni. | Hut by far the largest quantity of opium is 
Nov. 1887); Vermont opium (Proctor, Amor. J. I used for smoking. The habit is believed to 
Pharm. [iii.] 18, 124; Fliickiger, Jahr. 1809, ; have originated in Persia, but it iS in China, 
797 ; Pharm. J. [li.] 10, 808) ; Indian and where it prevails to th^ greatest extent at the 
CJhif ese opium (Browne, ibid. 84^^ 462 ; van present day, where, indeed, its use appears to be 
Itallie and K^^rbosch, Arch. Phariui 248, 009). almost as widely diffused as the usev^if tobacco 
Phfitiologkal action and it.sc.s-. — Opium is in Europe. For smoking the opium unefergoes 
without doubt the most important remedy avail- a process of prepari!tion*w^ich is a business in 
able for use iti medicine. Its action on man is itself. In Ilong Kong, according to McCallum, 
chiefly on the brain, jiroducing sleep, liv doses the opium is extracted by boiling with water and 
of a grain or less, q, stage of slight excitement the clear solution is evaporateef until it attains 
supervenes during whylir the individual can the consistence of treacle (Pharm. IJ, 

control his energies. In 1 to 2 grain doses the 229*; 12, 44()). The Chinese in California first 
stage of excitement is .short and is succeeded by put Yhe opium through a» series of roasting 
deep sleep, after \vhich there is nausea anc^ processes whic^i arc said to destroy its stickiness 
headache. If large* ddhes of 3 grains or more be and render it- more easilt^ extracted by boding 
kdmmisterod the excitement is very short and with water (Calvert, ibid, [iii.] 12(), 148). Tnfe 
is follow'ed fby sleep v-hich becomes more and Chinese ^T^eergnise four varieties of opium:— 
more cotnatese until the patient cannot be (I) Raw opium ;• (2) Prepared opium, the treacly 
aroused. If death takes place the respiration extract described; (3) Opium ‘ drossf the 
ceases first. Opium* is used for the alleviation scitapipgs qf the opium pjpe, which are said to 
of pain, oitkrer generally or locally, for the pro- be*strong, hot, tof inferior flavour ; (4) Opium 
duction of sleep, or for reducing tlie irritation of ‘ dirt,* the exhausted marc after extraction with 
various organs. Its special applications in the water (McCallum). 

*treatfftenL of disease are almos^^ endless (r/. ' The whole^ operation of opium-smoking is 

Brunton, Pharm. Therapeut. 1887, 862). ^ described •in a letter which accompanied an 
The action of opium in stimulating and then opium -smoker’s sot of apparatus in 1882 from 
depressing gives rise to the desire, to repeat the Canton to Kew. ''Uho pipe has a flat.bowl made 
dose. In this way the habit of ‘ opium eating"’' of iietal with a very smaU opening. A drop of 
is oontrao*?d. The worst effects of opium are* the soft opium is taken on the point of a ‘ dipper ’ 
thus obtained. It deranges the nervous system, and dexterously roasted in ftie flame of a little 
and *impair8 the intellectual and moral and lamp uqtil with qonstant bifrning it has the 
finally also the physical powers. De Quincey’t appearance of ^Jbumt worsted. Then, first 
description ©f his own experience is well kno’wn warming the bowl of the pipe, the drug, about 
^ Year ended Slst March* * 15 rupet8"»£l. 

• t 
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the size pi a hemp-seed, is placed abdut the open- 
ing in the bowl, the pipe taken in the InouA 
and the opium ignited. The smoke is partly 
swallowed or fnhalcM and partly exhaled by the 
mouth and nose. The preparation for smoking 
occupies 5 or 10 minutes, but the actual smok- 
ing only about 30 seconds (Sampson, ibid, [iii.]* 
11 , 22 ). • 

The physiologlfcal action of opium smoked in 
this way is clearly quite ^fferent from what it 
is when taken in the stomach. It is noteworthy 
,thaf those opmms m<^ highly prized for 
gmokiijg contaiR a small percentf|je of mor- 
phine. It would selm that, notwithstanding the 
serious view of the effects of opium -smoking 
taken by the Chinese Government and held by^ 
many Europeans, the habit is fiot more in- 
jurious than the use of other stfrflulants. Opium 
in the East seems to perform th^same function 
that alcohol docs in the West, and, as far as can 
be ascertained, with about the same good and 
bad" effects (c/. Birdwood, Pharm. J. fui?! 12, 
500; hpence, ibid, liii.] 13, 220; McCallum, 
ibid, [ip.] 14, 27 ; James, ibid, [iii.] 18, 280). 

Opium c^iijncs an unicjue jiosition in re8])ect 
of the numl5lr ^ alkaloids which it contains ; 
these are dealt with in detail below : — • 

McH^phine Qroup {Morphine^ Codeine, Thehahu). 

Morphine Cj^HjpOaN'H^O, the first known 
vegetable alkaloid was isolated from ojuum about 
the year 1807 by Serturner. It is contabied in 
minute amounts in several other plants belonging 
to the natural order Papaveracea', 

Preparation. — Morphine exists in opium in 
the form of two soluble salts (meconate and 
sulphate), so that extraction with water removes 
the whole of the alkaloid. 

Gregory’s method for the manufacture of 
morphine from opium ^Rnsists in extracting the 
drug .with lukewarm water, mixiflg the liquid 
with ei:ccst'*of chalk, and evaporating to a small 
volume. Slight excessi of ^aicium chloride is 
now added, the liquftl diluted with water, and 
the precipitated resin, calcium meconate, (S:c., 
filtered off. Oa concentrating the liquid the 
hydrochlorides of morphine and codeine crystal- 
line out.**^The8e are dissolved in water, fhe 
solution decolorised^ with charcoal and decom-* 
posed with excess of ammonia, whi^i precipitates 
morphine containing a httle codeine. For com- 
plete separatien the codeine may ne extracted 
by one of the solvents, in which it is much more 
soluble than moiqihine, e.g. ether (R? benzene. • 

Properties . — Small rhombic prisms or silky 
needled containing IHjO, which is gradually 
lost at 100°, more rafldly at 120°. ‘At IRglgsr 
temperatures (about 230°) morpfiine melts^with 
some decomposition, and afj^rwards a part of 
the alkaloid sublimes, together with some of its 
decomposition products. Slightiy soluble in 
water, 1 in 10,0®0 at 10° ; 1 in 50u0 at 20° 
(Chastaing, BuU. Soc. chim. 18S2, [ii.] 37, 477) ; 
more solublfi in boiling wader fl in 600). Solukle* 


more solublfi in boiling wader fl in 600). Solukle* 
in absolute alcohol (liifin 100 at 10° ; 8 ’6 in 100 
at b.p. ), less so in^qiicous al^iohol { 1 in 100 at 1 6° ; 
1 in 36 at b.p.). #Le88 soluble in amyl alcohol 
(I in 400 at 11° ; Id in 60 at 78°]^ Very%lightly 
soluble, or nearly insoluble in*ether„ benzene, 
chloroform, or light petreleum (Florio, Gazz. 
chim. itaU 1883, 13, 496 ; c^. Miiller, Apoth. 


Zeit. 1903, 18, 267, and U.S. Pharm£mopceia,*8th 
ed. ). Readily soluble iy solutions of fixed alkalis, , 
e8](leciaily when warm ; less soluble in aqueous, 
Ummogiia (rcl. dens. 0-^ (1 in 177 at 15^ 
Lievo-rotatory, in me^yl alcohol [a^^i=130*9°, 
aqueous 8odaV[a]D== —70*23° ; more strongl^ 
Jao VO -rotatory in neutral or acid solution (Hesse, 
•Annafen, 1875, 176, 190). * 

Morphifie is a strong monacidic^ base ; its 
alcoholic solution is alkaline to litmus. Dilute 
acids readily dissolve morphi#.e, and the salts 
arc generally easy to crystallise. The hydro- 
chloride B*HC1,3H*0 is a well -crystallised salt, 
soluble in water (T in 24 at 16°), less soluble 
i« alcohol (Hoepe, 1.%.). This salt yid the 
sulpliate, acetate, and tartrate, ^;c,, arc used in 
medicine. The jdatinichlonde {BTl(ff) 2 l*tCl 4 is- 
crystalline. The alkaloid and its salts have a 
bitter taste, and when administered in small 
doses exert a powerful narcokc action ; in larger 
doses they are posioMOus. 

Reactions and constitution . — Solution of 
feme chloride, almost free ffom acid, pro- 
duces with tiie alkaloid, and with neutral 
solutions of its salts, a deep-blue coloration, 
which is discharged by strong acids. This 
reaction is characiteristic and dclicat* in neutral 
or nearly neutral solutions 8tro?ig sulyfiuric 
acid, free from nitric acid, does* not colour 
morphine unless the mixture is wanned, when ^ 
brown coloration is produced. Nitric acid 
dissolves the alkaloid, with the production 
of a deop-red colour. If the moi-phine is first 
dissolved m strong sulphuric acid and then a 
drop of nitric acid added, a carmine coloration 
is (observed. Moriihino is a powerful reducing 
agent, converting ferric salts into ferrous salts, 
solirtioii of })otassium ferricyanide into potassium 
ferrocyanide, and j^recipitating the metals ffom. 
solutions of diver nitrate, and gold and platmum 
chlorides, tftnee it reduces aqueous iodic aftid, 
liberating iodine, this reaction is often utilised 
as a test for morphine, the iodine being detected 
in the usual manner. The salts of ^lorphirio also 
liberate iodine from aqueous lodie acid. Mor- 
phine IS liable to be mistaken for emetine if 
colour reactions alone are* relied on for its 
identification {see u?lder Emetine, Vol. III. 
p. 658; and Allen and Scott-Smith, Analyst, 
1902, 27, 346) 

^ IV^orpIiine is a tertiary^bhic which combines 
with 1 mol. prop, of alkyl iodide. • , 

A . dibcnzoyl and a diacetyl derivative 
(heroine) of morphine have been* prepared, 
whence it may bo inferred that thjp alkaloid 
contains two hydroxyl groups (Wright, Ghem. 
Soo. Trans. 1874, 27, 1031 ; Wright and Beckett, 
ibid. 1876, 28, 16; Wright amd R*nnie, ibid. 
1880, 37, 610). One of these hydroxyl groups is 
probably attached to a benzene nucleus, sq^ce it , 
has phenolic jirtipertics ; thus morphine dissolves 
in alkalis, forming metallic derivatives, in which 
one atom of hvdrogen of the morphine is re- 
placed by mettfis (Chastaing, Compt. rendrl882, 
94, 44). 

* When morphine is heated with hyflrochlorio 
acid (26 p.c.) in a closed tube at 140°-16(i°, a 
niolecule of water is separated and apomorphine 
Cylli^OaN is produced. It is isolated by 
s^um bicarbonate ki exi^ss to the acid 
liqiid, and shaking with ether, which dissolves 
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the ‘ aponjorphine.’ The free base is usually 
► amorphous ; it is slightly soluble in cold water, 

X and unstable when exposed to air, absorUln^ 
Ijxygen, especially in fllesence of alkali, wjth th« 
prodiict^on of a green, and afterwards a red, 
tolour. The hydrochloride B-HCl is crystalline 
and is used in medicine. ^ 'Jmo propefties o|' 
apornorphine ajiipear to show that the ba*'e still 
contains the phenolic hydroxyl present in 
inor))hinotin additio^ to a second ^ue to the 
fissure of the ring containing the ‘ indifferent ’ 
oxygen. Its pRysiological action differs en- 
tirely from that of morphine, since it ])roduees 
no narcotic effect, but acts its df powerful emetjc 
(Matthiesson and Wnght. Proc. Itoy. Soc. I8()8- 
1 H()0, 47, 455^; Marine, Zeitich. anal, ('hefii. 
1885, 24, 042; Pschorr, Jaeckcl and Fecht, 
Bcr. 35, 4377). 

Alkaline solutions of morphine absorb oxygen 
from the air, which convenis the mor])hino into 
j)srudomorphine (oxydimorjiliine) C34H,,(>eN„ 
a base which also results' from the action of 
weak oxicbsing agents on morphine, and is 
found in stmnl quantity in ojiiuni (Hesse, 
Annalen, 1807, 141, 87 ; 1875, 175, 105; 1884, 
222, 234 ; 1880, 234, 255). It is not poisonous. 

'ITie reactions, which are of jirimary import-^ 
ance as ri^gards the constitution of moiphino, 
and <the clo'scly related alkaloids, codeine and 
^/hebaine, ale as follows: — 

1. Of the three oxygen atoms in morphine 
one IS phenolic, and* on mothylation gives rise 
to codeine ; the second is alcoholic ; the third 
oxygen atom is noii-reactive, and is jiresent in 
a heterocyclic nucleus. 

2. The mtrogeii atom is tertiary. 

3. On distillation with zme-dust morphine 
yields phenanthrene. 

4. With methyl iodide morphine furmshes 

codeine mcthiodide ; this , on warming with 
silver hydroxide gives codeine meUiylhydroxide 
M AJ ( liO ) dh 6 1 4 ^ * b whicn i m m cd i at ely 

decomposed, giving methylmorphimethme 

MoO(OH)-C,6^Ti,0-NMe, 
by loss of H.^O. This base when heated with 
hydrochloric acid or acetic anhydride is decom- 
posed in ])art, fbrmin^ mothylmorphol and 
hydroxyethyldimethylamme — 

Methylmorphimethlfi'e. Methylmorphol Hyohroxy- 
• * ethyldlmethylamlne. 

Mothylmoiphol is known to be 4-hydfoxy-3- 
methoxypli^nanthrene (J’sehorrand Siimiileanu, 
Ber. 190(f, 33, 18ip). Hydroxyethyldimethyl- 
amine probably results from the addition of 
water to vii;iyl(^methylainmo first liberated thus 

NMoj-CH : OH, NMc^'CHa'CH^OH * 

* It fifllowjs from the above that /norphine must 
be built up from the complesies ^ 


/iX/N 

0 I I and— CH/CH^-NMe- 
\/\/ 




The two complexes have been ‘ assembled * in 


various ways, but Pschorr’s formula is that now 

f oner^lly accepted (see p. 716 under Thebaine). 

Various derivatives lof morphine have as- 
sumed considerable importince ifi rec^t years. 
Diacctyl -morphine (ni.p. l()9°-172°C.f and its 
hydrochloride Im.p. about 230°C.) known 
' originally as lieroine and heroine hydrochloride 
respectively ; the latteikis now ‘ official ’ in the 
British Pharmacopoeia und^r the designation 
‘ diamorphine hydrochloride.’ Ethylmorphine 
hydrochloride (m.p. *122”-123°C.) or ‘ dionine ’ 
and bcnzylmorphme I^rdrochlo^'do or ‘ peroiline ’ 
are the hyflrochlorides respectively of the ethyl 
and benzyl ethers of morpHine, 

Defection . — Morphine affords precipitates with 
^ most of the talkaloidal reagents. It may be 
identilied by means of the properties and 
reactions descliiod above. The characteristic 
reactions of morphine can, however, only be 
relied on when a nearly pure alkaloid has been 
experimented with. Unfortunately, morphine 
is offo if the most difficult alkaloids to separate 
from much organic impurity, especially when it 
is present only in minute quantity, as is generally 
the case in toxicology, {Since Jhe internal 
administration of ojiiiim, anfl|n(/^of morphine 
* itseK, 18 often the cause of poisoning, the 
existence of this alkaloid may be confirmjM 
by detecting moeoiiic acid, which is eas]' to 
recognise. 

For a detailed acisoniit of the qualitative 
reactions of morjihinc, see Marin6, l.c. 

Estimation. — 1'he following method for the 
estimation of mor])hine m opium is official in the 
British Pliarmacopoeia, 1914: 8 grins, of opium 
in No. 50 powder, dried at 60 , are mixed with 2 
grins, of slaked lime, and stirred in a mortar with 
20 o.e. of water. The mixture is diluted with 00 
c.c. of M'ater and occasionally stirred during half 
an hour. ^To 51 c.c. of the filtered liquid (re- 
presenting 5 grins. of«mnum) 5 c.c. of 90 p.c. 
alcohol and f 5 c.c. of ether are added, the.whole 
.shaken, 2 grins, of ammonium oll^.irKie then 
introduced and tliy mixture again well shaken 
during half an hour. Aft^‘ the lapse of 12 hours 
the morphine will have crystallised out. Decant 
the ethereal layer and filter itf through a small 
counterbalanced paper. Add 10 c.c. of other, 
agitate gently, again decant and ‘filter fhe 
Vdbareal layer and then x^ash the Tifter paper 
with *5 c.c. of ether and dry. Now filter off the , 
watery liqmd, keeping |<he morjihine in suspen- 
sion and finally wash with a saturated solution 
of morphinp in water. The crystals of morphine 
•are drSd uffit at 00° and then at 116° for two 
hours and weighed. 0'2 grm. of the crystals 
^ then dissolved in 10 c.c. of N/10 stllphuric 
a^dd* and titrated baAt with N/10 sodium 
hydfoxide, usfiig methyl orange as indicator. 
The weight of %Tjkydrou8 morphine as indi- 
cated by titration -f 0‘061 grm. (correction for 
loss) shijnld <ie 0’476 to,0'626 grm., i.e. 9'6 to 
10 '5 p.c. C 

for an account of other methods which 
'h|ve been proposld, Allen’s Orgaliic Analysis, 
4th ed. vol. vi. V 

For the estimation of fuoi^hme in tincture 
of opium (laudanum) the %following method 
may Be emplpydd : 40 c.c. of the laudanum 
are ovappratet^ to 10 c.c. on the water-bath, 
and the residue thoroughly mixed with 1 grm. 
of calcium hydroxide, "and dilutedi to 41 c.c.^ 
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^th water. The liquid is then fiUtorod, and by a current of air. The washings frcun the lead 
40 c.o, 01 the filtrate (representing thelBam4 sulphide precipitate aje collected separately, 
quantity of la;«ianum)»are mixed with 2*6 c.of gvaporated to a small hulk, and added to the 
0 a coh(j^ (90 p.c.), " 5 c.c. of ether, and 1 grm. main filtrate, which shouid then not exceed? 
of ammonium chloride. Theynixture is well 130 c.c. To this 20 c.c. of a 20 p.c. loLution of 
shaken and allo\fred to remain for* 12 hours, sodium sahcylate are added, and the flask con* 
iho crystals of morphine, whtch will haveTlaining* the nuAur(| corked and shaken. A 
separated, are collected, with the precautions 1 ]^8ino»8 precipitate- separates Waving a nearly 
described above fdt the estimation of morphine 1 clear liquor, which is pti^sed through a .small 
intopium, 8 c.c. of ether being used to riiiHe the pleated filter, into a beaiier containing a few 
content* of the bottle and C c.o. to wash the crystals of thebaine salicylate, to facilitate the 
ifiltef paper. dryiii|^ finally at 116° and separation of this salt from tlfti filtrate, which 

'^eighii^, 0-2 grm. of the crystals isjtitrated as is well stirred to assist this ojieration. After 
above. The weight of anliydrous morphine standing over-ni^h* the liquid is again passed 
indicated by titration -f 0’026 grm. (correction through the same plen^ted filter and the treat- 
f or loss) should be 0*2375 to 0*f()25 grm., j.c. ,,iilf^nt repeateil Aitil no furtheik dejKisltion of 
0*95 to 1*06 grm. in 100 c.c. • solid matter takes place. The final filtrate and 

Codeine Ci 3 Hji 03 l'l*H 20 Aists in Turkey washings, concentrated to about 10-16 c.c. on 
opium in the proportion of about ii*76 p.c., while a water-bath, are transferred while still warm to 
in the Persian and Indian varietiesyhe average a glass separator 1), the washings of the 
is about 2*25 p.c. ^ dish being jilaced in a seeomf separator (No. 2). 

Pteparahon . — The mixed hydroehlondJs of The contents of No! 1 are washed witli three 
morphine and codeine, having been separated successive ])ortions of ether, eacji portion being 
f rom opium by Gregory’ 8 method (.sTp Prcpnrafnm m turn also used to wash the contents of No. 2. 
of Morphine^fiiid the inorjihine preciiiif ated by The latter are finally added to sejiarutor No. 1, 
ammonia, tin* alkaline filtrate, which contains and 10 c.c. of a 20 ji.c. solution of caustic soda 
codeine hydroclilonde, is evajiorated to a ^itialJ* added, to keeji the inorjthine dissolved. This 
volume and precipitated by potash. The strongly alkalme liquid is extracted f (fur times in 
codeunc is purified by crystallisation from other succession w ith rather more ihanits'own volume 
or from water. Codeine, being the methyl ether of ether, each jiortion of ether, aS separated^^ 
of morphine, may bo prepari'd from the latter being washed with 20-30 c.c. of water and 
by heating it with alcoholic soda and methyl finally run into a dry flask ^containing anhydrous 
iodide (Gnniaux, Ann. (diini. 1882, [v.] 27, sodium sulphate to diy it. The dry ethoi’eal 
273 ; Hesse, Annalen, 1884, 222, 210), or by solution of codeine is distilled in a flask down 
the action of potassium methyl sulphate on to a few c.c., which are allowed to evaporate 
morphine dissolved in methyl alcohol. spontaneously, when, as a rule, the codeine 

Propertic-b. — Large rhombic crystals from separates in well-dt'lined crystals, and after 
water with IH/), which melt in boiling water ; drying can he weighed, the weiglit being checked 
small anhydrous crystals from ether, m.p. 166°. by chssolving in excess ot N/iO acid and titrating 
Le 0 vo-rotatory[a]j)— 137*76” in alcoh(^. Slightly hack with N/JO sockum hydroxide, using litmus 
soluble in cold water, ii«Tre soluble hot water, metliyl-oijg,nge as indicator, 
aleohel, etfif^r, or benzene; sparingly siMuble Thebaine CjbH.jj 03 N occurs in sm^ll quantity 

• in liglft ji^troleum. The aqueous solution is (up to 1 p.c.) in opium, and remains in the mother 

strongly alkaline. CVj^ldlne ii a inonacidic base ; liquor after tiio sejiaration of morphine and 
the principal salts are crystalline and soluble codeine hydrochlorides (p. 713).* It is pre- 
in water. In physiological action codeine and cipitatfcl from this along with narcotine and 
its salts resemfile morphine, but aio less papaverine by addition ammonia. The 
pqisonou^^ jirecipitatc is dried #nd dissolved in boiling 

Eeactyyws and comtitulion . — Codeine is die-, alcohol. On cooling narcutine and papaverine 
tinguished from morphine by not giving the crystalUse out. The filtrate is evaporated to 

• colour reaction with ferric chloridei and by*pro- cj^yness, the residue dissolved in acetic acid, 
ducing with nitric acid«i yellow, an^ not a red, and fhe solution doooloriftjdVith lead acetate, 
colour. Concentrated sulphuric acid does not From the filtrate, after removal of excess of* 
colour codeine except after prolon^j*! sj^nding, lead by hydrogen sulphide, thebayie is pre- 
but if a trace of nitric acid or fermic salt is addeef cipitated by adding ammonia. • 

to the^ixture it becomes blue. For an account Properties and reaetions . — Leafy of prismatic 
of the qualitative i^ctions of cojjlein^ crystals, m.p. 193°. Lsevo-rotatory. Nearly 
Marm6, Zeitsch. anoT Chem. ,1885, 24, 64B. insoluble in cold water, slightl^olu!|le in ether, 
The decomposition products of codeine ar^, for f-ery soluble in alcohol, chlorofOTm, or benzene, 
the most part, analogous toKthose of morphine Slightly soluble in aqueous alkaUs. Thebaine 
(p. 714). is a monacidm base; the principal ^altfr are • 

Estimation. — The fcillowing pr^cessthas been crystalline and sqjuble in water. The alkaloid 
devised by Andrlws (Analyst, 1911, 36, 489). and ifs salts are poisonous and exercise a teta- 
Dry opiiim ^12 grms.) is exhausted by succoBsive nising action, but are less powerful then gtrych- 
portions of cold watei^ tne filtrate made upiLo* nfiie and its salts. Thebaine is coloured Dright 
100 C.C., and 2^ c.c of 20 p.c. lead acetate iod by concentrated sulphuric acid. J(t is con- 
solution added, to rtraove lolouring matter and verted into thebenine when warned with dilute 
some narootine. The mixtyre is kep|; over- acids, and is attacked by Concentrated hjWro- 
night, then passed through a fjtter paper in a cRloric acid, with the formation of morphothe- 
Buohner funnel, and from 100 c;c. of the filtrate b^ne, isomeric with thebenine 
(10 grms. of opium) the^xcess of lead is removed • floNS'irrTJTiON.— Thebaine is related somo- 
. by hydrogSn sulphide, and thjp in turn rqjnoved wnat closely to morphi|ie and fte methyl ether. 
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codeine, hb inspection of slightly extended j^Chem. 19^, 
formulse for the three alkaloids shows — ’ ' ' 


♦Morphine. 

MeO 


• Codeine. 
>C„H,/)-NMe 


; VHCUI. 101, 1); Manmch and Lowen- 

|hein#(Arch. Pharm. 1920, 268, 295); Freund# 
KrxA (Ber. 1920> 53. 22«) ; Skita {thid. 


Thobalne. ^ 

When^iocleino is of idised by chrctoic acid tho 
alcohoUc hydroxyl group is converted into a 
carbonyl group ^ith the formation of codcinone, 
thus — 

’^0>C,.U.,0-NMo -> 

• CodeIn«i Codelnono. * i 

On treatment with dilute acids both tliebaine 
(Howard and Koser, Bor. 1886, 19, 1696; and 
Freund, ibid. 1899, 32, 168) and codeinonc 
(Knorr, ibid. 1903, 36, 3(T74) yiiild thebiinine, 
whilst with strong acids they furnish the isomeric 
morphothebame {Lc . ). Further, hot acetic anhy- 
dride decomposes thebaine (Freund, thid. 1897, 
30, 1367) and codeinone (Knorr, l.c.) in the 
following ways (e/. Fschorr, Seydol and Stohrer, 
ibid. 1902, 35, 4400)— 

Codeinone 6-Mothoxy ; 4 dI-1 

bydroxyphenanthrene f -f hydroxyethyl- 
TheJxtine 3 : 6-l)lmethoxy-4-j mcthylamiue 
^ Ifydroxyphcnanthrene I 

Thebaine must therefore be the methyl ether 
of an cnolic form of codeinonc. Accepting 
Fschorr’s formulation of morphine, the three 
alkaloids, codeine, codeinone, and thebaine, will 
be represented by the following lormula) in 
which the variable groujis only are shown in 
the last three (Ber. 1902, 35, 4382; 1905, 38, 
3160; 1907,40, 1984; rj\ Knorr and others, 

1907, 40,3341, 4891, Wieland and Kappelineier, 
Ann. 1911, 382, 300; Frcifnd. Ber. 1905, 38, 
32^8; 1910, 43, 2128). # 


HO'CIfr^ 

crf\ 

Ui 

ij 

l‘l 

HO'Ct 




[NMe 

m 

ICH. • 


UO-CHi 

CH 


JJ 


'OH,* 


\ 4 \ 

6 [ j 


MeOV 


\/r 


• OH 
Morptilij^e (Pschorr). 


0:0, 

CH[ 


■/\/\ 




MeO'C\ 
Codeinone (ketoform). 


MeO'C‘^\ \ 

kA/ 

0 I I 


(i 




Thebaine (methyl ether of 
enofcodelnone). , 


The nreciso configuration of the ^morphine 
molecule must still, however, be regarded as an 
opei question, and for further information 
reference may be made to a critical survey l|y 
F Faltis lArch, Pharm. 1917, 256, 86), and 
Watt (Science* Progress, 1S09, 279). 
also Freund, Jleiber and Schlesinger (J. ^r. 


, Ohem. Soor, 1921, i. 124, 125.*684, 686. 803). 

0 Thebaine ‘treated in aqueous* alcohoho 
solution with excess li molecular hydrogen, 
using colloidal metallic cataljfbts of the platinum 
group, yields a base jCigH^^OaN, crystallising m 
leaflets (from alcohol), m.p. pre- 

cipitated from solut^ns of it% salts by sotium 
carbonate fir ammoma. Contfftns one i^ethoxyl 
group and has the charactc^of a ketone (i). R. P- 
338 J 47). When oxidised by hydrogen peroxide, 
thebaine yiclfts methyl alcohol and a tertiary 
base possessMm ketonic properties : this base is 
probably allied fb codeinone which contains one 
oxygen atom^less, whence it is termed oxy- 
codcinone ^TiYeund and Speyer, Munch, mod. 
Woch. J917, 64, 380). 

Narcotine Group {Narcotiiie, Gnoscopine, 
JJydrocoiarnine, Narceine). 

Narcotine uaually/ccurs to the 

extdfit of about 6-6 p.c. in iftiia Minor opium, 
but in larger quantity in Indian and Persian 
opium.s. Unlike most alkaloids, narcytine 
appears, as a rule, to exist in tho plant in the 
free state, and not as a saH. 

Preparation . — If the opium is extracted with 
water in order to isolate the morphine, &c., the 
greater part of the narcotine remains un- 
flissolvod, since this alkaloid is nearly insolulile 
in water. By exhausting the residue with dilute 
hydrochloric acid, the narcotine is removed as 
hydrochloride, and from the solution of this salt 
the base may be precipitated by sgdium bicar- 
bonate, and crystallised from alcohol. Or tho 
narcotine may bo extrtjtcd from the opium by 
boiling it with ether ; see also Hesse, Annalen, 
Suppl. 8, 284. "* f 

Estimation. — Nj^rcoUne is most readily esti- 
j mated in opium by drying the drug at 100“ and 
then extracting a weighed quantity with hot 
other. From the ether sol u Von the alkaloid 
may be extracted by repeated agitation with 
I dilute sulphuric acid, and may be obtained clean 
rby adding alkali and re-extr8|,cting flu%h ether. 

I Sfoperlkfi. — Prismatic Crystals, m.p. 174°-^ 

175°. Almost insolubl^in water (1 in 26,000 at 
16°, IT in* 7000 at m)°); soluble in alcohol 
(1 in 100 at 16°, 1 in 20 at b.p.) ; ether (1 in 166 
*at 16°)« afifi in benzene (1 in 22 at 16°) ; very 
soluble in chloroform (1 in 2’69 at 15°) ; (Rightly 
soluble in amyl alcoliol or light petroleum, 
(fjssc^ves in lime or barylw water, and slightly in 
aqu^us ammofiia. I^aevo-rotatory, [a]p= — 186° « 
in alcohol (Hessg^ Annalen, 1876, 176, 192), 
— 199*9° in chloroform (Perkin and Robinson, 
Ohem. Spc. Ptoc. 1910, ^6, 131). The solution 
in dilute acids is dextro-rotatef y. Narcotine is a 
feebje monacidkj tertiary base ; its aqueous 
'sq^ution is neutraiVyO Ktmus. The pfincipal salts 
crystallise with difficult^ their aqueous solu- 
tions are acid, and ofe decomposed, with separa- 
tion of narcotine when evaj«rated. The free 
alkaloiA may even^bo extracted from the aqueous 
solution of soile narcotine salts by agitating 
with ether or chloroform. In larger doses than 
are ngeeasary in the fcases of moiphine and^ 
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^ codeine, narcotine and its salts exert a narcotil sium carbonate, or by simply boiling an alco- 

^ M ho4o solution of these, two substances (Chem. » 
machona ffiTid ^constitution . — Concentratea ^oc. Proc. 1910, 26, 46^ Chem. Soo. Trans. 

• sulphurin acid dissolves narcotine, and the! 1911, 99, 178 ; cf. Lieberlhann, Ber^ 1896, 29^ 

solution soon becomes yellow ^ on warming a\ 184V Cotarnine bad jpeen prepared pi^viously 
rapid transition ot different colours observed,,, by Sal^ay (Cheip. Soc. Trans. 1910, 97, 1208^ 
the mixtifre becoming orange-red, blue, and irom myristicin. Tjne substance actually pro- 
finally purple. Niy'ic Slid dissolves the alkaloid juce(Un Perkin and Robinson’s synthesis is the 
Math a yellow’ colour. alkaloid grwscopine, isolated from opium by 

•When heated with hydriodic acid narcotine T. and H. Smith (Pharm. J. 1878, [Mi.] 9, 82 ; 

* furnwhS^ three rfnoieoular proportions of methyl 1893, [iii.] 62, 794), and which Rabe had sug- 

Modide and or gested (Ber. 1907, 40, 3280 ;• 1910, 43 800; 


CioTIl,(OH) 30 ,N # ' 


Annalen, 1910, 377, 223) was fiZ-narcotine pro- 
duced by racemfsation of narcotine during its 


The less energetic action of hydriodic acid pro- isolation from opium.. Natural and synthetic 
duces one molecular proportioti of methyl Lgifoscopines were resolved by ciystallisAig the 


iodide, and dimethylnorrmrcotmc ^ • d-camphor-sulphoiiate into d- and Z-narcotine, 

CjaHj 4 (OCH 3 ) 3 (OH)t) 4 N the latter identical with the natural alkaloid, 

or two molecular proportions of^cthyl iodide Perkin and Robinson (Chem. Soc. Iroc. 
and methylmrnarcotiw Cj„iri 4 (OCHB(()H) 2 () 4 N. ^6, 46, 131 ). • 

When heated with water in a closed *u^ at Narceine occurs in opium 

100^ or by prolonged ebullition with water, the ^^fteiit of O’l p.c., and is recovered from 

alkaloid is resolved into opianic acid which. morphine and 

. OMe . (.OOH : : 2 : 3 : 4) 

and kydrocota^iij^ ^ tli(d)amc, and jiapaverme (p. 713). 

(Ca^jHosO^N+HaO- Ciolfio^^s’f ^'lilfisOaN) iVo7>er/ic«.—( Crystallises from water or alcohol 


the mother liquors from which, morphine and 
codeine hydrochlorides have crystallised out, 
after the removal from these of narcotino, 
tli(d)amc, and jiapaverme (p. 713). 

Properties . — (Crystallises from water or alcohol 


from which cota,rnmo (:„H„0,N results h> 
oxidation (Beckett and Wright, Chem. See ™ 

Trans. 1875, 28, 683). CotLnino is largely hpaiingty soluble in eold water (1 inn286 at Oh 
employed in the form of its chloride (stvT>tieiii) aleolnd ( I in .)46 of 80 ji.c. alcohol), much 


employed in the form of its chloride (styptieiii) 1 1 f colioi), nnien 

as an internal styptic {<■}. lUjdraKhmn,, Vol. 111. “« "We m hot water or hot alcohol Some- 

p 632) soluble m ami, noma and alkalis. Ojitically 

’ Nascent hydrogen converts iiareotine into inaedive. Narceine has no marked physiological 
mcconin and hydroc,otarninc CbiHi^O^N, and on u forms well- 

oxidation colarmne and opianic and '{see above) crystallised salts with acids. It also behaves as 
are formed, the latter by further oxidation 'ncnoc-tirboxyhc acid and forms a series of 


becoming hemipinic acid " (potassium-narceine 

C,n,(OMe r OMe : COOH : COOH = l : 2:3:4) C.i3H;,608NK 

On ‘exhaustive jjfbthylation ’ ootarnino rosettes of neodleS), and yields esters with 
yields, cotarri^ne Cj.H.oOv which «n oxidation ^^Icohols (naileme etliyl ester hydrochloride • 
.gives mtcBfkic acid and this with Cjj 3 H 2 e(CijH 5 ) 08 N,HCl * 

hydrochloric acid funjjBfca the nicthylmcthy^ is crystalline, ni.p. 20fi’-207°). Methyl iodide 
ether of game acid, I'rom these and other form nareeine methyl 

data Koser has assigned the following forraul® *„thiodid(, t!.,3H.,.(CH,)0,N,CH,I, m.p. 


to cotarnine, h^i^drocotarninc, and narcotine iftoo iouo nav J/' 8 » 8 > -r" 

(Aimalen 1888 24i) 166 158; 1»««. 264. f 4, and cm^hlatio^.-Narceine gives 

n = ./. ground and Bcclecr,, by amnTonia 

Ber. i«03, 36, 102t)Tr • solution, a blood-red coloration. Ita con- 


OH, 


/\ NEMe 


MeO 0 
Cotarnine. 


o-of'Yyii, 

CH.* M . 


C sMitution is established by fact that it can 

Q pl^pared by heating nJrcotinemcthochlpfide 

^ with alkalis. According to Freund this change* 
Hi • . takes filaco as shown by the formula at top of 

,, ,NMe 

chief papers relatii;g to narceine are : 
MeO’C. OIJ 2 % Pelletier, Annalen, 1832, 6, 103 ; Anderson, 

• • ibid. 1863, 86, 182 ; Hesse, Z6M^87a» 176, 198 ; 

* floser, ibid. 1888, 247, 169; Freund and 
••Hydrocotamlne. collaborators, ibid. 1893, 277, 6; Ber. 1909. 42, 

M«0-C • • 

MeO-cAcH Panaveriiie. Groun iPavaverine. Laudanoaine. 


:eO-C 


iNMe 0-A]0‘Cl ] 

iV. Y 

Norcotine. • , 


Papaverine Group [Papaverine^ Laudanoainet 
,, . •Lavdanine, Sio.). » 

^ Papavyine C 2 oH 2 i 04 N. This ^ alkaloid 
separates with narcotino as described under 
thebaino (p. 713) and is separated from it»by 
ociiversion into the acid oxalate, which is 


The synthesis of narcotine hts been effected sparingly soluble in aloohol, that •f^narootine 
by Perkin and Robinson b^treating an alcoholic limg rea(J>ly soluble? * * 

polution of^ootamine a&d meoonin with j^otas- f*ropertie«.*— Prismatic cryste^s, m.p. 147°. 
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MeO_$ 

)-~0 

MeOjOOOH 

MeO<^ 

MeO^f 

\._7 

• • 

II 

Co 

• * MeO « 

MeO 

CH 

MjO CH* 


• .O-C Y NMe*. • 

/oY Y 

. * 1 

CH, rl 


CH, J 1 - 


* \oY^ 



, OH, 


CII .2 

■. CH/ 

Narcotlne methochloride. 

Intermediate product. 

1 

IS^'celne. 


Very slightly soluble in hot (JT eold water ; easily 
soluble in hot alcohol, crfilorojprin, or heiwei^e. 
Optically inactive. A luonacidic bas(5 which 
forms crystalline salts. It is mildl}’' soporific in 
action. 

IReactiom and con.stilutum . — Sulphuric acid 
dissolves papavcn«.c in the* cold without colora- 
tion. Coinnicrcial papaverine gives a violet 
coloration duo to the jiresence of cryptopine 
(p. 719) (Ifictcjt and Kramers, Bor. 1910, 43, 
1329). With sulphuric and iodic acids it gives 
a purple coloration changing to green. 

Nascent hydrogen converts pa])averjne into , 
a dihydrid^(Pyman, Cheni. Soc. Trans. 1909, 95, 
101 Wheo heated with concentrated hydiiodic 
acid it fiynishes papaverohiie CjalfjjO^N, 
together with four molemilar jiroportions of 
methyl iodide, from which it is mfened that four 
methoxyl grou])s are present. 

On oxidation with permanganate pa])a.veiine 
folds a large number of products, tlie principal 
eing verainc acid, mdahenupviu or dt- 
methoxy-o-phthalic acid Cair2(0(df3).^((.''()2il).^, 
pyridme-a^y-iricarluxyltc acul, and papavcral- 
dine. According to Oobson and Perkin (Cjhem. 
tSoc. Trans. 1911, 99, 136) papaveraldine (wc 
below) is identical with xanffuihnc, an alkaloid 
isolf'ted from opium by T. and iJ. S*ith (Pharm. 
J. 1893, [in] 62, 793). 

When fused with alkali pajiaverine affords 
veratric acid, together with d%mclhoxy-im~ 
quinoline. * 

From those and other results Goldscliiniedt 
(Moiiatsli. 1883, 4, 704; J885, 0, 372, ()(i7, 
96(3 ; 1880, 7, 488 ; 1887f 8, 610 ; 1888, 9, 42, 
327, 349) has concludi^d that pajmverine is tetra* 
mothoxybenzyhsoquinoline, and this constitu- 
tion has been est^l fished by synthesis of tli|' 
alka,^fid (Pictet and Ijams, Compt. rend. 1909, 
*149, 210). 

CH^ . >-CH2— <^J>C)Me 
/ ■ \ ’ OMe 

OMe OMe • 

Popaverlne. 

HON . _ 

HC/ / '^OMe 

— ^ \ / V -/ 

/ \ . OMe^ 

MeO OMe . , 

Papaveraldine (xanthalineb 
keference should also be made to Pyman 
and Reynolds (Ohem. Soc Trans. 1910, 

1320); and Pyman 1915, 107, 17(3). « 

Laudanosine C2iH2704N. When ^pav^yift' 
methochloride 'is reduced with tiSi^anu hyoro- | 


chloric acid it furnishes i/^A-inothyltetrahydro- 
papaverine, in.p. 1 1 6°, and this on crystallisation 
( of the quinate* separates into the d- and bases, 

! the former Be^tj^g identical with d-laudanosine 
I which occurs in opium. It crystallises in 
j noedle.y, m.p.*89', [a]j)+]03“ m alcohol and 
contains foitr T)Me groups. Laudanosine is 
morn jniiisonous tlian papaverine, and resembles 
thehaino in ])by.sio logical action ; it exerts no 
narcotic elTcct (I’iclct and Athanasescu, Ber. 
1900, 33, 2340). <;(M>aiidanosine is also'formed 
when laudamne (-'2QH26O4N, cry8t|[fe, in.p. ]6t3°, 

► fa]jy<r0‘', an alkaloid occiirrftig in opium, is 
methyluiod, so that it apjiears to be the methyl 
ether of laudanmo (11 esse, Annalen, 1894, 282, 
208; J. pr. ('hem. 1902, [ii.] (>5, 42). Syntheses 
of laudanosine have been ('ffected by Pictet and 
Mdlle. Finkelstein (Compi, rend. 1909, 148, 
925), and by Gadanicr (Arch. Pharrfl. 1911, 249, 
(iHO; r/. IVhori, Ber. 1904, 37, 192(3), so that 
tlic constit.ution of the alkaloid is now eh'arly 
established — 

Ha OMe 

Medl II iNMe II J • 

♦ Laudanosine. 

Oxynarcotln (?22H.2 .,OhN, sepafateft by , 

Beckett and Wright (Clie^n. Soc. Trans. 187(3, 
29, 401) from impure narceine. It differs from 
narcotine in yielding cotarnine and henupinic 
acid instead of cotarnine and •bpiaiiic acid, on 
oxidation with ferric chloride. ^ ^ 

0 ‘Laudanine Cg^H.^jO^N. Hesse (4b*fr. Chem 

1 190^, [in] 06, 42) states th%t this base contains 

i three mcthoiyl and one hydioxyl groujis, and * 
yields a mlfcture of lawianine methiodide and 
r-laudanosine on treatment with fnethyl iodide. 
Gives tjira^^^ic prisms, m.p. 166° from alcohol ; 
Optically inactive. 

wo-Laudanine is isomeric with lauffanine, 

! tn.id was prepared by Pictet and iframers 
i (Arch. Sci. phj^s. nat. f503, [iv.] 16, 121) by 
reduction of trimfethylpapaveroline metho- 
chloride with tin aft#* hv^ochlorio acid, m.p. 76°. 

Laudanidine CjoHasO^N is also isomeric 
with lawdanthe, which tit closely resembles 
(Hesse, Amialen, 1894, 282, 2(^)) ; it is separated 
thertfrom by frifb^onation of the njixotj hydro- 
Vhforides and is probably Maudanine. It 
melts at 177°, and has [c^“ 8'J-8 in chloroform. 

Codamine CgQHf'504N,* hexagonal prisms, 
i m.p. 1JJ1° from etcher. This ^Tkaloid is strongly 
alkaline, conlf^ns two methoxvl and one 
hydroxyI*groiips, is soluble in alkalis and its 
salts are amorphous.' 

Psiudopapavejjne C^iHajO^N, separated by. 



» 


OlfUM.^ 419 

Hbsse (J. pr. Chem. 1903, [ii.] 68, 100) from! RheagtnvM, rectangular leaflets, m.pi. 223®, or 
commercial papaverine, than which it is tnuchl 236°-237® (Pavesi). • 
more soluble i^old^ alcohol. Hydroxycodeine (iVeontwe) CigHoiO.N was 

Papa^ramlne was also obtained^ ^parated by T. and H. Mhith in tke form of* 

m a similar manner by Hesse Colourless hydrobromide from fiml opium mother diquids, 

prisms, m.p. 128®-129°. • |Dobbie^and Lapeer ^hem. Soc. Trans. 1911,^ 

P^®*®P®P^verIlie CigHj^OiN, likewise iso- 34) showed that it contained one methoxyl 
Oft 0 Hesse {ij^id,)* Yellow leaflets, m.p. j|*oup %nd was a tertiary ba»e. Its colour 
2^0 (decopip.), sparingly soluble in alcohol. reactions ai^d absorption ^pectriim are similar 
^Meconldine according to Hesse to those of codeine, -with wiiich it may*be closely 

(Ann^l^, 1870|j,163, 63), may be fractionated related; but it is not ideniicaj wiib Acb and 
4rom the mixed j^ium aRijploids which remain Kiiorr’a (Bcr. 1903, 30, 3067) liydroxycodeine, 
aiter th# separation ^f morphine, ccHoine, the- Xn addition to the foregoing alkaloids, opium 
baine, narcotino, and papaverine. Itliasm.p. 68“, contains also certliif neutral compounds. These 
and is readily soluble in alcohol or caustic soda ar^ : Meconin, tiiscovered by Dublanc 

solution. * i(Ann. Chim. [ii.] 49, 6), but m<9re confj^Ietely 

Lanthopine CjallggO^N, m.p. similarly studied by Couerbe (Anualen, 6, 180); it is 
obtained by Hesse It is sparingly soluble also produced, together with hydrocotamine, 

in chloroform and insoluble in all«ihs. by tho reduction of nurcotine. IVleconin crystal- 

Protopine C2QHjgOgN is also ^inown as lise8froniwaterinj)rtsmH,mj>.i02®,andcom- 
and although first isolated bji X^sse bines with alkalis foiiu salts of meconinio 
from opium is also found in other plants such acid, of which it is the lactone: its constitution 


as Macleya cordata, Chdidonium majus, etc. 
It separates from chloroform and alcohol as 
monocliaic cwstals, m.p. 208®. 

Cryptopln^C^lff^gOjjN was discovered^ by 
T. and H. Smith (Pharni. J. 1867, 27, 695, 716), 


and crystallises from alcohol in jirisms, m.p, 
218®* The salts form jellies which gradually 
crystallise won long standing. W. IT. X\‘rkin, 
jun. (Chem. Soc. Trans. lOlO, 109, 816; 1919, 
116, 7l3),inan cxliaustive investigation deduced 
tho subjoined constitutional formula for crypto- 
pine (1) and protopine (II) : — 


IS represented by the formula — * 
(yi.(()Me),CTl2-C()0 

I I 

“(Hessert, Ber. 11, 267). Meconoisln CgHj^Oa 
was isolated by T. and H. Smith iii^t^ie mother 
liquor from tho preparation of mccj^nin ; ^t is 
erystalline and has m.p. 88® (Pharm. J. [lii.] 8,® 
981). Oinum also contains from 3 to 6 p.c. of a 
characteristic acid, Meconlc acid C'^H^OyjSHjjO, 
hitherto regarded as tho tnhydrate of 3-hydroxy- 
4-pyrone-2 ; 6-dicarboxylic acid — 

OOaH-C*— 0— C-COaH 

II II 
HO— C^O— (fiOH 



CO NMe 



Trltoplne C42H,407N2, ieactionated from 
admixture with the two foregoing alkaloids by 
Kauder (Arch. Pharm* 1890, 228, *1 1 9^ Gives 
needle-like ;plates,%i.p. 182®, from alcohol ; it 
is di -acidic ajjd forms a very so]irt)le acid oxafeite. 

Rheadlne ’^nly occurs in yeiy 

minute proporliojj in f^ium, and was obtained 
by Hesse (Annalen, ]«64-6, «uppl. 4, 60 ; 1866, 
140, 146; 1869, P#9,*36j irova^Fapaver phaeas. 
It crystallises in colourless prisfis, m.p. 232° 
(deoomp.), 246®-247® aceordiifg to* Pavesi 
(Chem. Soc. Abst. lOje,* [ii.] 483). When 
treated witSh strong acids, i^ convertec^ into 


but it has recently been shown (W. Porsche, 
Ber. 1910, 49, 253^) that on reduction with 
hydrogen in presence* of colloidal palladium 
this body yields a/Sye-totrahydroxypimelm £(ttd 

C0ancH(0H)‘(JH(0H)‘CH(0n)-CH8'CH(0H)C08n 

from wdiich the conclusion is drawn Jhat meconic 
acid 18 not a pyrone derivative but is really an 
open-clEin compound of the constitution 

C02H-C(0H)a-CH(01i^-C0-cil8-C(0H)8-C08H 
This view, however, should be accepted with 
reserve, since it is at variance with experience 
alt to^tho possibility of tw<> J;iydroxyl radicles 
being*’ attached to a single carbon atom. •» At 
100® meeonic acid loses its water of crystallisa- 
tion, ahd between 120® and 200° it Hareaks up 
into carbon dioxide and comenic (1 ), 

while at still higher temrieratures a further 
molecule of carbon dioxide is removed and 
pmomeconic acid, C4H4O3, (ll)ft)ema?li8 

HC— 0— C-COaH HC— 0— CH 

II ^ 1! II II • 

HO -C— CO^CH HO -C— COMDH 

® (I) (II) 

Borsche {tbid.) demonstrated that when these 
tWb bodies are* reduced, the p3’^rone briffge is 
r^t brokeij and the end-products of th^ reaction 
are pentamethylene oxide derivatives. Hence 
it would appear that they* can hardly be«re- 
gatded as constituted analogously to meconic 
a^. ThebolacUc acid# of T. Smith 

(Imatm. J* [ii.] 7, .60^ has been shown by Sten- 
houle and Buthanan tojbo identical with lactic 
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acid, butnt is possibly not an original con- 


stituent of the poppy-ju*ce. , 

The less irnportai^t constituents of opiun» 
^'epresent ^6 p.c. of^its weight. Water varieh 
|rom 10 p.c. in Persia^ I2J p.c. in Benares, 
to 30 p.c. in certain kinds o|, Turkey ^opiunn 
About 40 or 60 p.c. of opium consists of indefinite 
gummy matter^ together with 'pectin, (Mhtimif 
and insoluble debri% the last cyisisting of 
fragmonts^of capsules, wax, caoutchouc,' calcium 
salts, &c. Hesse^tates (Bor. 3, 037) that the wax 
is a mixture of cerotyl palmitate and cerotyl 
oerotato. On ignition, opium leaves 4 to 8 p.c. 
of ash consisting chiefly of*BuIphate and phos' 
pluite of calcium and nmgncsi^m. Poppy juje-e 
contaiift no strft’ch or tannin, so that the presences 
of tTiese bodies in opium may indicate adultera- 
tion. (For further information on the opium 
alkaloids, reference may be made to Henry 
The Plant Alkaloids, J. aiiA A. Churehill.) 

. 11. E. W. 

OPOBALSAM V. Olfo-kesins. 

OPODELDOC. Linimentum Sapomfo-cam- 
phoroium. A solution of soap, camphor, and 
volatile oils in alcohol, used externally in 
rheumatism, sprains, &o. , 

OPOPMAX or OPOPONAX V. GuM-UESINS. I 
OPTOCHIN. Syn. for Ethylh YimocurKEiN e. 
OftANGp. C'tlrufi Avrantium (Lmn.). 
e Many varieties are known, differing in size, 
shape, colour, flavpur, and other respects. 
Konig gives as the average of a very large 
number of determinations — 

Mean wt. of fruit. Percentage proportion of— 

In grams. Rind Flesh Pips 

188-4 27-8 71-0 1-2 

The flesh contains — 


Action (Andr6, Compt. rend. 1921, 174, 1399 ; 
febstillcts Chem. Soc. 1922, [i.] 209). 

* The characteristic fl^onr ofV)range8 ia due 
to the sugar, free citric and malic a^ids, and 
essential oil which they contain. The last- 
montioned^s most abundant in the rind (v. Oils, 
essential). The non-pro tcin nitrogertous matter 
of oranges consists chfbfly of asparagine and 
glutamine (Scurti and de Plato, Chem. Zenhr. 
1908, ii. 16, 1370). • % 

The fibrous, insoluble, insijdo porfior^ of 
Japanese oranges w^ found ^ contain — • 

Water Protlln Fat Galactan HentoBan Cellifoee 
12-16 5-27 1-28 18'91 27-72 32-61 2-15 

{Bahadur, Bull. Coll. Agr. Tokyo Imp. Univ. 
1906, 7, 121 A The leaves of the bitter orange 
{Citrus {Risso]) contain stachydrine 

(dahns, Ber. 1^96, 29, 2065). Dried orange-peel, 
softened with acetic acid and boiled with water, 
yields abotft 8 or 9 p.c. of Isovulose (Bauer, 
Laittlw? V^ersuehs-stat. 1894, 45, 298). H. I. 

ORANGITE. An orange-coloured variety 
of the mineral thorite (q.v.), occurring as tetra- 
gimal crystals and irregular masses, occasionally 
a few ounces in weight, in the a^fitesyenite of 
Houliiern Norway. It was described and named 
by C. Bcrgemann in 1851, and believed by him 
to contain a new element ‘ donarium.’ The 
identity of the mineral with thorite has long 
bo(*n recognised. J. 8. 

ORANGE, CHROME, v. Chromutm. 

ORANGE, CROCEIN, v. Azo- coloueino 

MATTERS. 

ORANGE FLOWERS, OIL OF, Oils, 

ES.yENTIAL. 

ORANGE, GOLD, v. Azo- colouring matters. 

ORANGE LEAVES, OIL OF, v. Oils, essen- 


Water Protein Invert sugar Cane sugar Citric acli? Ash 


84-3 1-1 2-8 


1-4 

0-4 

Tlj^ juice contains — 


• 


Total Jnvert Cane 
extract sugar sugar 

Citric 

add 

Protidn 

Ash 

13*0 4-1 5-0 

i-4 

0-4 

0-3 


The follbwing figures were obtained by 
Farnsteiner and Stiiber (Zeiisch. Nahr. Gfnussm. 
1904, 8, 603) from, the examination of the juice 
of Valencia and Messina Granges : — 

Valencia 


Sp.gr. at 16° # 

>» ^oilfng 

^ Grams per 100 c.c. — 
Total solide, dried at 100° 
Citric acid (Anhydrous) . 
Total su^ar (as jnvert 
sugar) 

Ash 

Nitrogen 
Polarisation in 200 mm. 

tifoe, <^irect 
Polarisation in 200 mm, 
tube, after inversion 


oranges 

1-0464 

1-0466 

10-92 

1-79 

7-66 

0-62 

0-099 


-o-u° 

~3-16° 


Messina 
oranges 
1 - 04^1 
> 0456 

>9-85 

1-47 

7-80 

0-62 

0-075^ 

+2-45° 

-S-66° 


Wlien oranges, cut in halves,' are kept under 
sterile ccyiditions they undergo a slight loss ip 
weight, which is accompanied by a marked loss 
in ficidity and a sKghter diminution in sugar 
together with inversion of some of the sucro«3. 
These chaijg'e^ are not entirely due to oxidation, 
as they proceed to a less Extent in vacuum. 
It ia probable , that there is also aome diasfSitic 


TIAL. , 

ORANGE M; ORANGE, MANDARIN; 
ORANGE, METHYL ; •pRANGE, NAPHTHOL, 

V. Azo- COLOURING MATTORS. , , 

ORANGE OCHRE. Burnt ochre ^ 

V. Pigments. , t 

ORANGE OIL v. Oils, 'essential. 

ORANGE, PALATINE, v. Palatine orange 
ORANGE RUSSET. M%ben^ madder v. 

Pig men TS. 

.ORANGE, SALICYLIC, r. SALio^tK Acni*. 
ORANGE YELLoW Azo- « o6lourino 

MATl^bRS. , , 

ORCEII^ V. Orcinol, 9 ,Q,Tt. Phenol and its 

HOMOLOOUES. ‘ * 

ORCHIMA WEED n. Archil. 

• ORCHimNry. SYN'mETio drugs. 

ORCHIL V. Archil. 

f> ORCHIL SUBSTITUTE v. Azo- oolLuring 
ifATf’ERS.' ^ ^ 

dRCHIPIN V. Synthetic drugs. 

ORCIN V, Orcimd, art. Phenol and its Homo- 

LOGUES. 

ORCINOL*!;. Phenol ,and its homologubs. 
ORDEAL BEAN. CalSbar Bean, Fhyso- 
stigrfjxtis seminAt,^. P., 

'E^eri Nut {Fhe de Chlajmr, JY. ; Kalaharbohne, 
Cer.). The seeds of the rhyso^tigjna veTtenomm 
I (Balfour), a climbinff plant, •inhabiting the banks 
I of the^Niger anc^ Old Calubtt rivers nean their 
I mouths, in Western Africa (cf. BentLa. Trim. 

! 80, and, for an Wlied species, Holmes, Pharm, J. 

> 1 iii. ] 9, 9 1 2). The plant' has a woody stem, and 
I ascen^ to a height of nfty feet, Ttte seeds are. 



eXi&edinflly ]^i8onou8, a property idlown to tha 
natives m file neighbourhood oi the Q|fli oi 
Guinea, by w^m theji are administered as arv 
ordeal to be undertone in cases of susfwcted 
witchoTMt. , Daniel, about 1340, introduced 
ordeal,^ bean into* Europe (N. Ed. ^harm. J. 
40,313). • • „ . 

Physostigmlne {eserme) C^HaiOaNg is the 
]^noipal physiaWgically active constituent ; 
3bia alkaloid acts on plain muscle and glands 
like 'pilocarpine and sfinilarly antagonises 
gatrofine {v, Cushn^ J. Physiol. 1910, 
41^ 23^. Thu3*physo8ti^ine causes contrac- 
tion or the pupil, Whence its use in ophthalmic 
medicine. It is also given in tetanus, in strych- 
nine poisoning, and in veterinary practice as a 
hypodermic purgative. Although i^ery poison- 
ous, the alkaloid is tasteless. • * 

Physostigmine is extracte(ji from the 
powdered Ifeoods by hot alcohol and the alcohol 
is distilled off. The residue is liixtKl with 
sodium carbonate and repeatedly extrj^ted 
with ether; the ether is shaken with 5 p.e. 
sulphurio acid in successive portions until the 
aqueous solution is just acid. The neutral 
solution of tm sij^hate so obtained crystallises 
on evaporation ^etit, 9. Pharm. Chiin. ^v.] 
14, 256), but as the sulphate is very soluble, it 
is better to add a concentrated solution of sodium 
salicylate,* when physostigmine salicylate sepa- 
rates as a crystalline powdoi (Salway, Cliem. 
Soo. Trans. 1911, 99, 2160). From the salts 
the free base is obtained by shaking with other 
and sodium carbonate, and is crystallised from 
benzene and light petroleum (.Jobst and 
Annalen, 1864, 129, 116; V6e, J. 1866, 456; 
Hesse, Annalen, 1867, 141, 82; Potit aii^ 
Polonowski, Bull. Soc. chim. 1803, 

1008 ; Gilo#, Chom. Zeit. 1897, 1214 ; balway, 

t.C ). 

Sails. — The 3ul'pliateA& the only salt official 
in the B. P« the salicylate now th# only one in 
n .TT -rTT-O forms 


ORDEAL BEAN. 

a fuming nitric acid and evaporated dryness 
|1 at 100° leaves a green, residue. Similar colour ' 
“'reactions take place with bromine water, 
ftiolybdic acid, titanium oxi^e, etc. (t^ Reiohardf 
Pharm. Zentral-Halle, 1909, 60, 37^. ^Alkalis 
in the absence o^air and strong acids hgirolys^ 
'^iserineto a phenolic base eseroline CjaHigGNj, 
m.p. 1^9°, [a]j>= — 107° w^ich rubreserine 
4 derived by oxidation)^ The other products 
of the hydriflysis are carbon dioxide aAd methyl- 
amine, and conversely eserohno is reconverted 
in ethereal solution by methyrearbimide and a 
trace of sodium to oserine (Polonovski and 
Nitzborg, Bull. Sftc.fchim. 1916, [iv.] 19, 27) 


Eserine is therefore the methylurethano of a 
phenol. The corresponding phonylurethane 
{jthcvr.'^erine) and vaijoiis other derivatives have 
been prepared by ‘PolonowsW (Bull. Soc. chim. 
1916, [iv.] 19, 46). The constitution of eserine 
has been further invc.stigate(l by Salway (Chem. 
Soc. Trans. 1912, 101, 978), wlTo obtained by 
zinc -dust distillation 2-methyliridole and a little 
cry.swuiJMw I J -methybndole, and by Straus (Annalen, 1913, 
Chim. fiv.l f40l, 360 ; 1914, 400, 332), who distilled methyl- 
oseroiiniuin carbonate in a high vfscuum and 
obtained physostigviol CjoHiiGN,* m.p. *103°, 
apparently a Bz-hydroxy-Pr-dimethyl indole^ 
Gno of tile methyl groups is attached to the 
nitrogen atom ; instead the other a vinyl 
group was to be expected, so that the Hofmann 
degradation does not proceed normally and wo 
remain in ignorance about one carbon atom. 
Eseroline, according to Straus, has two N-inethyl 
groups, and since in its formation from eserine 
methylamine is split off, all three nitrogen atoms 
of tie original alkaloid have a methyl group 
attached. For further work on the constitution, 
cf. StedmaniChem. She. Trans. 1921, 119, ^1). 
Other aiKalolds have been isolated ffbm 


in th£ B. P«the salicylate now tm^oniy one m uimn «iAoiuiua 

theUSkl^ The former, B2*HaS04,a;H20, forms seeds only in small e^uantities , 

colourless needles, m.n. J60Vi61°, very soluble , they are apparently more 

in water, alcohol, or 4loroform, less so in ether j to esenne. Geneaenne Ci Jl-^iGaN*, m.p. 128 

H in 200 at 25°). Fho salicylate B-C^H^Gg 129°, vms extracted by lolonov^ki and Nitzlierg 

loZ adlltr c^Btab. m.p : 1 gram (Bull, toe chim 19ir, [.v,] 17, 

dissolves in 75 o^. of water, in 16 c.c. of alcohol, after soaking the drug ih 2 p.c. 

in*6 c 0 chloroform, and in 250 c.c. of other I hydroxide ; they olitained as much ^8^ ^ P-O’ 

at 25° afto ill 16 c.c, of wafer at 80° and 5*c.c.1 This alkaloid contains one oxygen atom more 

nf hoilinir alcohol *(U.S. P.). The bcMoate \ than eserine, to which it reduced by zmo- 

T4*r H 0^ mn 116°-116°, cbssolves in 4 parts (1\jst#nd acotic acid, ancliDj* sulphurous acid. 

SioldVater /the pierage melts at lf4°, and the lrrencscrino‘ has no myotic action, and gijes 

mercuri-iodide B*HI,HgIa, crystallised f rom j senes , of derivatives, containing one oxygBn 


■aioohol.'melte at 70“. 'No dofinito’SurlRilorido, 
or plafcnichloride is known. 

Pr(9)ert«a.— PhyBostigmine .is dimorpho^ 
(Salway) forming un«ftble ciystals, m.p.*«(^- 
87°, and more stable on#8, nrp. 106 -^6 , 
U] =— 76-8° to —82° in cljjgroform, —120 in 
benzene. It is only very sUghtly soluble in 
water, giving a solution stronglf altelme to 
Utmus. On ezpofcfo to air. particularly when 
moiSUqd in the presence of lyWb^ alkjM 
changes first to rvhr^enne OiaHi^UaiNa, Jfa 
needles. By §v^oraimg with ammonia on the 
yrater-bath it bSon»8 red# green, and finaUy a 
true dye, eaeSnfbUte, ie 
Verb. <5le8. deut, Naturf. Aerz^Jl893, [n.] 102), 

Xoh, according to Salway ^ T™™' 

1 912 101', 986), has the tpmpoBition 
^crystal <X the alkaloid dissolved m a i^p of 

VoL. Vf.—T. 


atom more than the corrospomimg esemo 
derivatives, e.g. with alkalis gtneserohne 
CigHigGaNa. It is remarkable that such a 
r^atively abundant base has not be|p observed 
before ; its discoverers reje)#* the suggestion 
that it is formed from eserine during extraction. 

Physovenine Gj^HigOgNa, m.p. 123°, •was 
found 'by SalvTay in minute quantity* it may 
bo wAtten (Ci3Hf7N2)GOCGH, and is therefore 
the hydrogen carbonate of the phenol eseroline, 
and an intermediate stage in the hydrolysis of 
eserine. Jt is powerfully myotic ai^ a very 
fbeble base. Whether it is presort as such in 
the seeds does not seem absolutely certaia^ as 
Solway submitted his extract to steam distilla- 
tmn. JBseramim Ci-Ht508N4, in.^^38°-240°, 
^s*found by Ehreftberg (be.) ahdliy Salway 
(ml^). 246®), but the amount present is so minute 
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that the Jatter did not obtain enough for 
analysis. Eseridine Cj 132°, 

is said to be a constituent of calabar be^ns 
^oehrinpr und S6h|il, Pharm. Post, 18§8, 21^ 
663), and liras also obtained by Eber (Pharm. 
Eeit. 1892, 37, 483) by tlie action of sulphurous 
acid on eserine, which rea^nt would, hdwever,*j 
hardly cause the fiimple hydration implied Jiy the 
above^formula. (The composition and melting^ 
point of esaridine approximate clos^y to those 
of geneserine given above.) Eseridine has been 
proposed as a substitute for esorine on account 
of its milder action ; the chief drawback is a 
greater effect on the heart# The substance is 
neutral to litmus, and becomes yellow and 
dirty green wilh alkalis? but •not red. Wifn 
aqueous potassium iodatc a brownish-red 
colouring matter is formed, and in the presence 
of acetic acid iodine is liberated. Imphyso- 
stiqvbina (Ogui, Apoth. Zeik 1904, 19, 981) and 
calabarine (Harnactc and Witftowski, Arch. ex]). 
Path. Pharm. 1876, 5, 40!) are very doubtful 
constituents of the beans. The latter seems to 
be a mixture* of decomposition products of 
cseniie by alkalis, with a strychnine-like action, 
antagonistic to that of physostigminc. 

Ammmt and edimaiion of alkaloids m 
Calabar be^ns. — Carr and Reynolds (Pharm. J. 
1908f [iv.] 26, 542) found a great variation in 
|ho alkalouft,! content of commercial specimens 
of the drug, namely, between 0'04 and 0’27 p.c. ; 
the U.S. P. demand^ a minimum of 0T5 p.c. 
The volumetric method of estimation of the 
U.y. P. has been criticised by Salway as giving 
much too low results, and he has recommended 
the following process (Amcr. J. Pharm. 11M2, 
84, 49); 20 grams of Calabar beans in No. 60 
powder arc macerated with 200 c.c. of ether 
and 10 c.c. of 10 p.c. sodnim carbonate solution 
during 4 hours. 100 c.c. of ^Jier are withdrawn 
and the alkaloids extracted by shaking with' 
several portions of N/10 acid. Tne combined 
acid liquiefs are maile alkaline with 10 p.c. 
sodium carbonate solution, and the alkaloid 
extracted by, shaking at least ton times with 
other, using 20 c.c. ether each time. Tim com- 
bined ethereal solutions are shaken onch with 
5 c.c. of water, ancf the ruidue left on distilling 
off the ether dissolved in 5 c.c. N/10 acid and 
titrated back with N/50 alkali, using iodo- 
eosin as indicator. . 

Non-alkaloldal^oiwtltuents of the seedsLare^ 
'‘sitosthol 027144^0, m.p. 136°-137°, which also 
occurs in germinating wheat and other plants, 
and shgmt^terol 030114^0, H,/), m.p. 170°, 
which is peculiar to Pliysostigma. These two 
sterols crystallise together (Windaus and Haiith, 
Ber. 1906,4 39, 4378). Calabarol CJ3H3JO4, 
m.p. 245°, findfilfolianol C2JH3JO4, m.p. 295^ 
(the latter also in red clover), are dibydnc 
I aloolfds, found by Salway. G. B. 

OREIDE. An alloy of ^ Drilliant-yellow 
colour, resembling gold, made by taking clipper 
100, zinc 17, magnesia 6, sal ammoniac 3*6, lime 
1 '80, fJhd tartar 9. The copper is hieited and the 
other ma^rials are added in small portions at a 
time, and the fused mass is skimmed and kepf 
melited for about hsdf an hour. The alloy has 
a fine grain, is malleable, takes a most bnUianit 
polish, anclj,f it tarnish e»its lustre is restored 
acidulated water. * , • • • 

ORELLIN. 9A yellow colouring matter o8n> j 


SEAN, 

mined in annatto, which is derived , from the 
I'uit qjipsules of Bixa Orellana (Linn.). Soluble 
I water and alcohol. ^ ^ 

OREXIN. Phenyldihydfcquinazoling 
I N . • 


w"-* 

CHj 

used as an aperitive. ^ 

ORICHALCUM. a forju of brass <n tied 
among the ancient Greeks and Romans. 

ORIDINE. g An alkaloidal substance dis- 
j^covered by Hofmeister in rice polishings which 
showed antine»r;tic activity, becoming inactive 
on purification. Said to be isomeric with betaine 
and. valine, anti to be related to the p3iiricline and 
piperidine gpioups. 

ORIENTAL ALABASTER v. Onyx-maeble. 

ORIENTAL EMERALD, ORIENTAL 
TOPAZ V. COEtTNDTrM. 

ORIGANUM OIL v. Oils, essential; 

ORIOL YELLOW v. Pbimui^e its 

.DEUiVATIVES. • 

ORIZABA JALAP ROOT t;. Resins. 

ORMOLU V. Mosaic ooLn. 

ORMOSINE, ORMOSININE. Isomeric aUa- 
loids found in Ormosia dasijcarpa (Uacks), a 
leguminous plant growing in Venezuela. For 
method of isolation, sec Hess and Merck, Ber. 
1919, 62 [B], 1976. 

Ormosine C2oH33Na,4H20, lung needles, 
m.p. 86°-87°, readily solubh. in alcohol or 
clilorolorm. Ormoslnine C20H33N3, anhydrous 
cubes or short prisms, ra.p. 203°~205°, sparingly 
soluble in alcohol. For description of their 
salts, see Hess and Merck (he.). 

ORNITHINE, ah-diacnimmtlerk acid 

Ml2[CH2]3(^{NH2)CO^H ^ . 
was first prepared by Jaff6 (Ber. 1877^ 10? 1926 ; , 
1878, 11, 40) fretn ifte dibenzoyl derivative 
orntihunc acid, found in the excrement of birds 
that had been fed with benzoic acid. It occurs 
among the products of alkcfti hydrolysis of 
cei^in proteins, probably arising fropi arginjne 
-by' a further hydjolysis (Kossel Weiss, 
Zeitsqh. physiol. Chem. 1J)09, 69^ 492 ; 60, 
311 ? 1910, 160) ; and it can also be obtained « 

from arginine by the a<rtion of argtmse (q.v.); 
or by hydrolysis with barium hydrbxide (Schufee 
and Wjutei^ein, Ber. 1897, 30, 2879 ; Kiesel, 
Zeitsch. physiol Chem. 1911, 75^ 169). 

Jaff6 {lx.) showed that ornithine Vt^as a 
(Maminovalerio acid, the position of the two 
albino groups | being d^rmined by Ellinger * 
(Beif 1898, 31, 318cf), who obtained putremne 
(tetramethylenedi«»ine, Udransky and Bau- 
mann, ibid. 1888, 21, 2938) and carbon dioxide 
by the ac|ion hf putrefying^pancreas on oimithine. 
COPh'NHfCHglaCHiNH'COFSlCOaH* 

• Orihfjiiirlc acid. ^ ‘ 

Ornithine. # JPutredcine. 

Ornithine has b^n syiSthesised by Fischer 
(Ber. 14101, 24, 4^4) by ttfe following series of 
reactions ; — 

Ethyl-J/'phtbaiimidopfopylroalonate " 

, C,H,[COJ.N‘[CH.],-CH(COiet), 



obtained from potassium phthalimide, propyle J 

bromide, and jthyl sodiomalonate, yield! ethy_, , 

y-phthaUmidcpropylbibmomalonate on brominal | Recomposes 173 

tion ; this is converted by hydrolysis with loss 
of carbon dioxide into S-phthalimido-a-bromo- 
valeric acid C^4[CO]2N[CH2]3CHBr(CO^),«| 
which, on* treatment with ammonia and suDse- 


SIJT. 

/SfflZteAHydrochloride C.H,aO|Nj*Ha m,p.. 
216® ; aurichloride C|HuOjNj(HAuCl4),jHgO, ' 
decomposes at 173*-y6° ; platinionloride 
e,Hi26aN,.HaPtCl, ; sulplwite , * 

(CjHi20^2)aH,S04 , 

Itn.p. 3d3° ; nitrate CgHjaOj^Nj’HNOa, 


which, on*treatment with ammonia and subse- 1 . oxalate (CjHj^OjNalgCjHaOi, m^ 

quent hydrolysis, ^ielcft aS -diamino valeric S'^td . acetate 

<«- inactive ornithine. A similar synthesis has ig3o_i(j4o j^monopicrateCBHijOgNjVslda^T^s^ 
bdbn effected by Sorens^i (Zeitsch. physiol, f ^ triclinio system 

Chem.>906, 44, 448) ; and a synthesis from 
•benSylpiperidinl is desAibed by Fischer and 
aempi^i (Ber. ll)9^42, 1022). # 

F^orthe intermediary metabolism of ornithine 
in the organism, v. Ringer, Fraukel and Jonas 
(J. Biol. Chem. 1913, 14, 646). 

di-Ornithine has been obtaiijpd «n 7y“‘» 
form (Fischer and Bergmann, Annalen, 

398, 109) ; it is readily soluble in Water, forming 
an alkaline* solution ; it contains an^symraetric 
carbon atom and derivatives of the deiR-ro-, 

I 00 VO-, and racemic varieties are described. 

(f-Ornlthine, The ornithine hydrochloride 
obtained by hydrolysis of J^^turally occurring 

ornithu»icaoidiia8[a]D4-16-04nol6-8 (bchuizo . J nepnenyu^ 

and Winter8toin,*Zeit8ch. physiol. Chem. U)0l, L i(j2^ the hydantoin, m.p. 

'iA loc^ on."! //.nrnithino is also obtained by the fliuiuhthalonesulphone 


m.p. 195®, triclinio system 

rt:b:c=0-6962:l:«-6301 
a=9.3®10' d=100® 66', y=81® 19'; dipicrate, 

cupric nitrate ((y.Hi2^2^2)2^'^(^^8)2»i 2 ' 
m.p. 107®- 108® ; with silver nitrate 
CgHjAN^'HNO^^gNOa 
m.p. 176®, V. Weiss (Ztitsoh. physiol. Chem. 1909, 
499)* V for the separation of ornithine as 
pLte from other baaea v. Ko.acl and Wmaa 
(Zeitsch. physiol. Chem. 1910, 08, 100). 

Acyl dcnVdw-€.9.— The phenyl 


ann. 

34, 128), and d-ornithine is also obtained by the 
hydrolysis of d-arginine with bari urn hydroxide. 

— Hydrochlorides C5Hi2C2^2»^^^ 
CfiHiaOjI^.HCl ; platiniohloride 

C5H|202N2.H2PtCl.; 
nitrate CjHjaOgNijHNOs ; 
oxalate 3C5Hi202N2,2C2H204 ; 
acetate, m.p. 101°-i02° ; 
picrate C5Hi202N2,CeH807N3 
(Schulze and Winterstein, lc.)\ crystallises with 
IH 0 and has m.p. 203®-204® (Kossel and 
Weiss, Zeit^h. physiol. Chem. 

A cajI derimtivcs.—The hydantomt tt 20U siN 4» 
ra.p. 191®- 192® ; the jSiiaphthalenesulphone 
• • a6Hio02N2(S08‘CioH,)2 / 

'm.p. 1 89® ^iesser, Zeitsch. :^y8ij)* 

49. 210 ) ; the monokeiwoyrCijHiflOsN.i, m.p. 

225®-240° ; the dibenzoyl {d-ormthurtc acid) 

PhCO KH[«H,]3CH(C()2H)NH-COPh 
isrjiss”, [a]B+9-2‘> to «-3° in 10 £.0. 

aolution^faodium aalt, fW* m 20 p.c. ,olu., 

tioif; bruoifle d-ornlthurate > 

• Ci.H2o04Ng-C^H2e04N2,T1.0 

mfb. 136®-136°, separates from a solution of 
brucine in racemic ornithuric acid. * ^ 

/-Ornithine.- AcajI derimtwes.’-f^e diTienzoy^ 

(boniifturio aoTd) C..H,.04N,.from <f; W 

acid by fractional crystelUsatiom of the cinchw- 

. nrne aTlt 1 m.p. [a]„-.9-22“m 1« p.=. 

• I i,- « sodiunf salt ; cmchOTime 

"urate H 0 the 

anhydrous ^It has m.^. ’ 

monobenzoyl “-g, ^ 

phenyli«ocyanate/m.p. 189 -190 (corr.) , i^ne 

obtap!;; the putrefact^el 
i...drolvTrfM«inine carbonate (Aokermann, 
Sh physiol. (Se*. 1908f66,306^ c/jNeubur^. 
^ ,m^:&itebb.^9fl,37.60J)i by hy^oly^ 


by “y'rf ‘be synthetic method, 
^iesoribed aJbove^. 


fl-naphthalonesulplione C8H,o02^in*'io‘^7®^« 

m.p. 106°-196® ; the g-monobonzoyi , 
PhC0NH[CHj]8CH(NH,)C0,H 
m.p. 200°, or 285°-288'’, on the Maqiienne 
block. The S.m.nitrobenzoyl CjiHijOjWa. m.p. 
260°: the a-monobenr.oyl 

NH,[CH,]3CH(NH-C0Ph)C08H 
in I). 2B4°-2fi7°, on the Maquenne block : the 
;"lJvdroxy.a-bonzoyl m.p. ,266 -256“ Ham- 
marsten, Compt. rend. Lab. Cailsberg, 191 , » 

223f; and the aS-dibonzoyl (rfl-omithunc acid) 
C„H,,0,N.,m.p. W“-188“. 
ah-Dtmcikylaminovalenc acid 

MeNH[CH,]jCH(NHMe)COOH 
forms microscopic six-sided plates ; the ohloro. 
platiiiate crystallises in yellowis^red clusters, 
mp. 2il>“ (decoinp.). For y.hydroxyornitbine 
(aS-diaiimVrhydroxyvalerif acid) e. Sorensen 
(Compt. rend. trav. feb. Carlsberg, 191^ 11, 

' ORPHOL. Bismuth j3-naphtholate, v. BlS- 
^UTn,OEaANio COMPOUNDS also Synthetic 

^^^PIMENT {Auripigmenlumy ifative * 
arsenif trisulphide, 

orthorhombic system and 3 

stibnito (Sb^S,). Crystals Xs^ 

usuaUy occurring as laminated or Maly^sses 
■with a^perfeot cleavage paralleUo tl» surface of 
the plates. The colour is iWion-yellow, and 
there is a pearly lustre on the cleavage su^efc 
Tho mineral ifcvery Xli’ 

and the flakes ajp readily bent; sp.^. ^8. 
Orpinftnt occurs, usually in association with 
reaW (q-v.), in fhineral-vems together with 
0*8^ of silver, lead, &c., and also as nodtlM in 
beds of sandy clay. It is ound at several plaoM 
in Hungary, at Allohar m Macedoma. Merour 
in Utah, and in some abuifdanoe at JulaineA 
im Asiatic Turkey, and Zorehurra m fetm. 
SMne hundreds bf ton^are expqjrtSj ^uaUy 
fion» Shih - baung - Ch’ang in prov. Yunnan, 
China. The* mineral used #s a pigment 



(King’s yeilow), but now mostly in ^he East ; 

' it is the auripigmentumf (golden paint) of 
ancients. Formerly it^was also used in dyeing 
and calico-printing, aCid by tanners for removing 
hair froi$ skins. ^ L. J. S. 

* ORRIS ROOT is the peded and dried, 
rhizomes of Iris florcntiru^ (Linn.), I, ^pallida 
(Lam.), and /. ^zrmanica (Linn.), It is ^araoj 
teriaed by a pleasant aroma, and awears to be 
slightly dfitergent and antiseptic.^ It is em- 
ployed in the preparation of violet-powder and 
dentifrices, and to a small extent as an ingre- 
dient of snuff. 

ORSEILLINE v. Azo- ooLotrEmo matters. 

ORSELLINIC ACID was first 

prepare by jSienhouse (Annmen, 68, 61), ty , 
digesting lecanoric acid with boiling baryta 
water, and can also bo produced from erythrin 
in a similar manner. According to Hesse 
{ibid. 139, 36), the ^olution»'of erythrin in baryta 
water is heated on the steapi-bath until a sample 
of the product no longer yields a gelatinous 
precipitate whyn neutralised with hydrochloric 
acid. The liquid is then acidified, and the 
orsellinic acid, which separates on standing, is ' 
crystallised from alcohol or acetic acid. 

Orsellinic acid crystallises from dilute acetic* 
acid in n^ej^es with iHjO. When heated, it 
melti at 17ji° with evolution of carbon dioxide 
f'md formation of orcin, and is evidently an orcin 
carboxylic acid. 

Ethyl orselUnate CJioHi 204 , colourless leaflets, 
m.p. 132°, is produced when erythrin is boiled 
for several hours with alcohol (Stenhouse, l.c.}, 
and can be prepared in an identical manner from 
lecanoric acid (Schunck, Annalen, 64, 266). 

Mdhyl orsellivate (Schunck, l.c., 

and Stenhouse, l.c.), and konmyl orsdlinate 
(Stenhouse ; Hesse, Annalen, 139f 37), 
m.p. 76°, have also been qbtained. 

Recording to Heinrich (Ber. 1904, 37, 1406), 
ethyl orsoljinate in alkaline solution reacts with 
diazobenzene chloride, with formation of the 
disazobonzene derivative 

CaMe(OH)2(C,H5N3)2COOEt 
red needles, m.p. 186°, and this, on reduction 
with stannous chl&ride and hydrochloric acid, 
and further heating with hydrochoric acid at 
160°, gives diamino -orcin hydrochloride 
CaHMe(OH)2(NHj.)„(Me:(NILj2;(OH)j=l:2:4:3:6 
The constitution cot ■brsellinic acid is th«refofe 
• to bl" represented as follows : — 

' . CH, 

.• ‘ cooh/N 

t)H\/OH 

This struotuT/' is support, ed by the conduo-* 
tivity of measurements of Thiel, Sohumaohefi 
, and^oemer (Ber. 1906, 38, 3860), and further 
by the work of Fischer and HiJesch (Annalen, 
1912, 391, 347). These lajft authors Seated 
methyl-orsellinate with an ethereal solution of 
diazoaaethane — which , methylates phenol car- 
boxylic E^ids preferentially in the para -position — 
and thereby obtained an a-methyl eiheV — • 

e « Me 



fc.p. 72°-76°, which gave a red-violet ferric 
Ihloridte reaction. j., 

" When orsellinic acid wis treatdC with methyl - , 
chlorooarbonate in cold H caustic isoda — a 
reagent which also preferentially » attacks the 
<para-po8iti(in — the product of*the reaction was 
meth^-carbomto-orsellinic acid — ^ 

Me* 

- A 

(6-mothyl-carbonato-3-hydroxjy-o-toluic acid), 
^ra.p. 163°-16<:° (oorr.), which also gave a 
characteristif coloration with ferric chloride, 
whereas the jff<?duct of the action ol ethereal 
diazomethanc^on this last substance was methyl- 
carhoiiato-orwlliwite- ^-methyl ether — ^ 

r « Me 

I 

/\~€OOMe . 

1 Mo—GOa— 0— \ )—om ^ 

I # ^ • 

I m.p. 86° (corr.), which gave no coloration 
with ferric chloride. 

On hydi'olysis of this ester with concont/ated 
sulphuric acid at 26°, methyftcarbonaio- 
orsellmk-acid - ^-methyl ether — 

Me 

I 

0 — C'OOH 
—OMe 

m.p. 146° (corr,), was obtained, 'which also 
failed to 0 develop a ^ coloration with ferric 
chloride, whgreas, whemthis was further hydro- 
lysed by means of caustic soda, it, yielded 
orsellinic acid- ^-methyl ether — 

• mI ♦ 

. I ■ 

HO-l^-OMe 

whifh decomposes at 17^°, and" develops 
yellow-red coloration with ferric chloride. As* 
Fischer anC Hoesoh pmnt out, were the older 
formula for orsellinic acid correct — 



r » 

the )3-methyl ether would* tte a derivative of 
salicylic acid, ofid should develop its char^veter- 
ilLic colour with lerAc phloride, arid moreover, 
the a- and jS-methyl ethers wpuld be identical, 
whereas they are uadoubtidly isomeric, 

Thg constitu^on thusi-amv^ at has been 
substantiated ^y the synthesis of orsellinic add 
by Hoesdi (BeK 1913, 46, 886), who obtained it 
by oxidation of oroyl-^ehyde — ^prepared from 
oroii^ by Gat^ermann’s method^-or, mor^ 



ORWANm. ’ m 

readily, oiite dimethvloarbonato, or' diethylcaml the resulting acid with N caustic soda solutioifl 
bonato deriv^ves, followed by hydroljlpis of | The synthesis may be fepresented thus — 




Me* 


Me 


-nUJia” 

Me 

• I 

, MeCO^O— OCO^Me 


• VV-CHO 

Me— COjOsJ ^OCO,Me 


Me 

1 


^ HO- 


-Q? 


!OOH 

OH 


An attempt to prepare this aaid from orcinol 
by a method analogous to that^used for thcf 
preparation of salicylic acid irCm phenol was 
unsuccessful. i 

DimetMylcarhonato-orcyl aldehyde, needles, 
m.p. 84°-86“, according to Hoefbh becomes 
yellow on exposure to light. • • 

Monomethylcarho7mto-orcyl aldejiyde, prisms, 
melts .at 79°, diethylcarbonato-orcyl aldehyde, 
needle^ at C0°, and dieihykarhonatO'OrseUimc 
add, prism^at 112° (decomp.). 

Tetra-acetyl-glucose ester of orsellinic ndd^ 
white needles, m.p. 163°. [a]Jf —41 *76° or 
--Ir40° (in chloroform) (Karrer, Baumgarten, 
Gunther,*Harder and Lang, Helv. Chim. Acta, 
1921, 4, 130). A. G. P. 

ORSUDAN. Trade name for sodium acetyl - 
2-aminotolyl-6-arsinate (see Absenicals, Or- 
ganic). 

ORTHIN. A phenylhydrazine derivative. 
HOOC/^NH— NHj 

Formerly used as an antipyretic and^nalgesic. 

ORTHITE, or Allanite. A complex rare- 
earth ailioaie belonging to the epfdote group of 
mineAlsjVand sometimes known as cerium- 
epidote. The generd formula is HR"R3'''Si80i3, 
wheie R"=Ca, Fe,*and R'''''=A1, Fe, Ce, La, 
Di, Y. The extreme values in the analyses 
tabulated by *I)ana are; SiOj, 29-3-34’6; 
ThOj, trace-3'6; Al^Oj, 6-3-22’9; Fe^Oj, 
1-6-21 -2 j^CejOj, 1-3-33-i; DijOg, 2-9-24’0: 
La3O8,0-2*^8-l; '^O,, 0*3- 4-2 ; Ei-gOg, a-2-(r; 
HgO, 0-3-14-6 ; also small amoniits of*man 


distinct species gunde* special ^araes. As • an 
accessory constituent of crystalline rockf (gneiss, 
granite, pegmatite, andesite, &o.), allanite is not 
of uncommon occurrence in small amounts. It 
is well known in the granite of Criffel and several 
other places in Scotland, aud in a quartz vein 
traversing granopliyre in Merionethshire. It is 
found in some abundance in the felspar quarries 
of Sweden and Norway, and as*large masses in 
gneiss at several American localities. Masses < 
weighing over 300 pounds have been found at 
Barringer Hill in Llano Co., Texas, where, 
together with gadolinite, &c., it^ has been 
quarried for the supply of rare earths used in 
incandescent gas-lighting. A large deposit is 
also worked in Amherst Co., Virginia (oti 
Amcricah localities v. T. L> Watson, Bull. Geol. 
ISoc.Amer. 1917,28,463). L.J.S. 

ORTHOCLASE. Potash felspar v. Felspab. 

ORTHOFORM. Trade name for p-amino-m- 
hydroxy. benzoic-methyl ester 


HOV^COOCH, 


■anous oxide, magnesfa, and alkalis. Scandium rloss^of body weight. THf effect is due to the 


fSCjOj 1 p.d?) has been detected iif orthite from 
Impilaks in Finland. Sp.gr. 3^-4^. The 
mineral crystallises in the mqp<fdinic system, 
and^as either a tabular or a long prismatic 
habit. Compact nit^ses and grains are silso 
common. It is blaTO or dar^bro'^n, c^aq>uef 


oonchoidal fracture. 0%# the extenor the 
material often presents a dull weathered appear- 
ance, the slender ^irismatie efyst^s looking 
rather like rustf hails. Tabular crystals from 
Gmnl|in(^were described hy*T. Allan ii^l808, 
and named allanite ±y* T.*"^ Thomson in 1#16. 
The later qaqw orthite (from dp66s, straight) 
was given by ^ i, Beiwelius in 1818 to long 
prismatic cfytftlls# from Finbo in Sweden. 
Owing to difficulties of deter|ainatiofi and to 
difispences in composition ancf degrae of hydra- 
tion, several other nfinerais, now recogmsed as 
varieties ^of allanite, have ^been desoTj^ed as 


White powder, sparfhgly soluble in water, non- 
toxic. Used as a dusting powder for pAiful 
wounds and as a local anrosthetio (f. Salicylic 

AOro). 

ORTHOFORM, NEW, v. Salicylic acid. 

ORTOL. Trade name for a mixture of 
methyl-o-arnidophenol and hydroquinone. Used 
as a photographic deielopef. 

ORYZANIN. Hens, doves, mice, and other 
animals readily become ill when fed exclusively 
with shelled rice, and finally die, after a great 


absence of a substance which is essential <<-0 life» 
and jtvhich has been isolated from rice husks. 
Whenever this substance is absent Trom a diet, 
tbe diet is insufficient to support lite. If it be 
added to an artificial diet t)f fat, protein, carbo- 
hydrate, and salt, in which it is al^ent, the diet 


and with a pitchy lust A on the brigbi sub- J again becomes efficient. also cannot live 

t * x i xi 4.^ 


without oryzanin, and they rapidly waste when 
fed on shelled or extracted rice. If they «Bceiv^ 
0'3 gram oryzanin daily when in a wasted condi- 
tion^roduced by oryzanin-free diet, they rapidly 
recover. Oryzanha is fairly widely distributed 
in various foddstuffs. • 

The oryzanin is extracted fr^ fat-free 
husks (previously extracted with ether) by 
alcohol. From the alcohelic extract it ^ pre- 
j^ipitated by phosphotungstio acid. From the 
nhosphotungstate precipitate, afiter the usual 
jtr^tmejit, a st^U^ore activ^ preparation is 
obtained by precipitation witl^tannic acid, and • 



726 OBYZA|fIN. 

from this Jurther purified substancef oryzanin Ismium reiidues is given by Outbwr (Chem. 
is obtained in the form (jf a crystalline picrate. %eit. #913, 37, 867). For tbe.estimaiion of 
On hydrolysis with ac^ds it yields two acids* of |)8mium, see also Ruff ai^ Bom^ann (Zeitsoh, 
unknown constitution, choline, dextrosiJ, an4 anorg. Chem. 1910, 65, 429;. • 

nicotimc atjid (Suzuki, Slumamura, and Odake, The metal bits also been ^obtained by the 
Ciochein. Zeitsch. 1912, 43% 89). Kurono ^eduction #f its ammoniacal*or sulphur com- 
J. Coll. Agric. Imp. Univ. Tokyo, 11)15, 5,* pounds (Berztlius, l.c. ; 1829, [!!.]♦ 42, 191 ; 
306) found thak when adaed to the exln^nt of Fremy, ibid. 1855, [iii.^ 44^387 ; Schneider, 
0’0i-Q,‘l p.o. it accelerates the growth am? Amialen, 1867, Suppl. 6, 261). • 

fermentation of yeasts in beer-wort, Hoji extract, Osmium has a |p.gr. of 22*48 (Joly) (tts 


and in artificial media such as Hay duck’s or j 
Nageli’s solution^, its stimulating action being i 
much greater than that of peptone, asparagin, j 
&o. The accelerating action «f malt culm.s on 
distillery fermentations is f.ttributed by Kurono 
to oryzonin. t ^ *■ 

OSAGE ORANGE TREE. The wood of this 
tree has been used for many years for dyeing 
by the Indians m the Red Valley region of 
Texas,' America, and has e^igaged the attention 
of the United States Forest' Service. As tlie 
result of its examination by Kressmann (Jourii. 
Amer. Leather Chemists Association, 1916, 347), 
it has been found that its dyeing properties arc 
very similar to those given by old fustic, tlie 
shades wliich it produces being, however, slightly 
purer and somewhat less red in tint. A qualita- * 
tivo study*-of the aqueous extract showed that 
the ib'eing |lrinciples present consisted as in old 
^stic of m(h'i7i, and madimriy but that the un- 
known red constituent jiresent in this latter was 
practically absent. ' Though apparently the 
tinctorial strength of distinct samples of the 
osage orange wood is somewhat variable, this 
is probably on the average quite equal to that of 
old fustic, and tins wood can be satisfactorily 
employed not only for textile but also for 
leather dyeing. A. G. F. 

OSAZONES, A term given by E. Fiscliet to 
compounds of phenyl hydra/^o uith the sugars 
(v. Hydeazones and Cakbohydratjes). 

GSMIRIDIUM 1. Iridosmine; Platinum 

METALS. ‘ 

OSMITOPSIS, OIL OF. Osmitopsis asteris- 
coides (Cass.)^ an aromatic plant of the order 
of Compositce, growing in ISouth Africa, vjclds a 
greemsh-yellow oil of a burning taste and aro- 
matic smell. Appears ^o be isomeric with 
borneol and oil of cajeput. 

OSMIUM. Sym. Os. At.wt. 191*07. 

This metal occqrs in native platinum {v. 
Platinum), and ©specially in osmiridium/' Ir 
differ^' from the other metals of the platinum 
gr6up except ruthenium in forming a volatile 
tetroxide OsG*, the so-called osmic acid, but jt 
can be se|S:k.rated from ruthenium because the 
latter is volatile with!' chlorine only from alkaline 
solutions, wihile osmium is driven off also from 
acid ones. ^ ( 

The oamiridium treated as described under 
(lEIDitfM (v. also infra) yields the osmium in the 
form of this tetroxide, which may be reduced 
in hydrochloric acid solution by zinc or ‘mer- 
cury (Berzelius, Ann. Chiifi. 1929, [ii.] 40, 
268) ; ^'ith an alkaline formate ; v^ith hydrogen*; 
a mixture of carbon mon- and (iiq^Kides or 
with carbon, In the latter case, the metal is' 
obtafcied in a crystalline form, whilst by the 
other methods it is precipitated as a bluislr 
powder (Dodbereiner, Aunalen,» 1836, 14, 17^ 
Devillc and itebray, Comft.. rend. J876, 

1077). A reviqw of th^ methods'^ of treating 


ap.gr., however, depends on its at|te of dmsion) ; 
and melts at abou^^700° (J.S. Com. ttep.< 
1919). It i^olatilises in the ^lectric furn£%te, bu# 
less readily than the other platinum metals, so 
that it possesses special interest as being next 
^to tantalum ahd tungsten the least fusible and 
I probably th< jeast volatile metal and as the 
heaviest known*" substance, qualities vi'hich, in 
conjunction \wth its susceptibility to oxidation, 
and the pqpuliar nature of its volatile oxide, 
distinguish it from the other platinum metals 
or indeed from all other known metals. 

When heated osmium combines directly 
with fluoriuo, chlorine, sulphur, and with 
phosphorus. It is not attacked b^^ydrochlorio 
acid unless the latter contains o^^ygen (Matignon, 
'Con7])t. i*cnd. 1903, 137, 1051). 

Although osmium, when obtained in a finely 
divided state by treatment of an alloy with a 
solvent wbicli removes the other mietal, is 
easily oxkbscd or dissolved, it is much more 
refractory after ignition in an inert atmosphere. 
Finely divided osmium oxidises slowly at 
ordinary temperatures and burns freely at 400®, 
but the denser metal requires a higher tempera- 
ture for comjjlete oxidation. It is best rendered 
soluble by fusion with peroxides or with a 
mixture of caustic alkali and nitre. 

On account of its infusibility, \t has been 
employed ior the manufacture of electric -light 
lilainents, but by reasoi^of its high cost and the 
extremely small supply, its use haa been aban- 
doned in favour of tantalum filamenf^ or* of the 
‘ osram ’ filaments, #whjcfli pe made of tungsten 
wire and do not contain osmium as the iiame 
might imply. 

It is stated by W. C. Horal&us, that 1 part 
of osmium will replace 2^ jiarts of iridium for 
hardening platinunv and that the imip'^ovement 
In elasticity is still greater. From i to 20 p.c. 
of o^ium if recommended, the alloy being 
made in the^ absence of (vidising gases, and the 
presence of* iron and copper being carefully 
avoided, T[ie alloy has been patented (Eng. 
Fat. 29723, iblO). 

A delicate test for osmium is giv^ by 
Ta3hi^aeff (Compt. rei^. 1918, 167, 236). 
cWhorf a sMutiop ooiitoimfxg 'OSO4 or OsCii is 
warralod for a few mihutes with thiourea and a 
few drops of hydrochloric acid the liquid 
acquires a deep red or rose colour which is 
sensitive ko onV pavt in 100,000. Hirsoh (Chem. 
Zeit. 1922, 34, 390) substitdtlSs KCNS in the 
cold for thiouredr. ^ The solution sfiaken <eiJ5dth 
^tlfcBr or amyl alcohol ^v^ a blue layer if OsO* 
is present. , 

None of the osmium oomjfjounds is of techno- 
logical ipterest, excepting tbe H^trfixide and the 
osmates,* as foiling steps in the preparation 
of the me6al, afid (as regards the iormei) on 
account of a limited qSe in microscopy for 
stainiiyy patholo^cal specimens. ^ Oonoidal 



OSMIUM. 


o^um ftas been obtained by the reduction 



Pham 'ifliTaif'l t°}- “ »■ oataiys^ for o'x’id^ 

W Wl* 262 it'™?. Hofiaann, Her. 1912, 46, 33». It Ik 

Haber ’’ ftvnfW?A • ^ of the solubll in hydrochloric acid of sp.gr. M 6 , 

Haber synthaJio \mmonia process with ^ivinf osmium tetrachloride. , 

Osmium trioxide Os(^ is unknown, hut the 
corrosponmng osmic acid H^OsO.tis formed, 
801 \^UOT 1 of f^maldehyde decomposes m the \ aocording to Moraht and 'Wischin (Zeitsch. 

' ati(»g. Chom. 1893, 3. 163)» by trcatmg tbo 

potassium salt with nitrie acid. Kuff and 
Bornemann {l.&.) estate, however, that they 
could not obtam itt A number of its salts, 
*ie animates (formerl/ known fis osmkes), are 
known. 

Halides , — Osmium fluorides. By direct com- 
bination of the elements, Ruff and Tschirch (Ber. 
1913, 46, 929) ha^e wicceede^ in preparing three 
fluorides of osmium, (JsF^, UsF,,, and OsFg. The 
last is the most volatile, and melts to a yellowish- 
red liquid at 34 -5 'U. ^ 

Osmium dichloride OsOl,, a dark brown in- 
soluble powder, may bo formed by heating the 
trichloride at 600“ under pressure, and cooling 
the vajiour at - 50" ; or in small quantity by 
heating the metal in chlorine. • 

Osmium trichloride UsCl., is formed* when 
ammonium osmichloride is heated at 360° ^ 
(flilorino (Ruff and Bornemann ; see also . 
Moraht and Wischin, l.c.f It is readily soluble 
in water and gives rise to the double salts 
known as the osmochlorides or cfdorosmites 
M 30 sClg. 

Osmium tetrachloride OsCl^ is prepared by 
heating osmium in a slow current of chlorine at 
650°-700", the issuing vapours being cooled 
in % tube wrapped in asbestos, or by dissolving 
the tetroxide in etjong hydrochloric acid. It 
forms blaigli metallic crusts, volatilises in a 
vacuum to a yellow vapour, and is slowl^ de- 
composed by water with formation flf the dioxide 
and hydrochloric acid. It gives the series of 
salts known as the osmichlondes chlorosmates 
M^Oi^’lj (Gutbier and Maisch, Ber. 1909, 42, 
4239; Gutbier and Walbipgcr, Ber. 1911, 44, 
308). For certain derivatives of these and other 
similar compounds, see Rosenheim and Saseerath, 
Zeitsch. anorg. Chem. 1899, 21, 122 ; Wintro- 
,bert, Ann. Chim. Phys. 19^)3, [vii.] 28, 16. 

Osmium bromides fne^ iodides are also 
known. * 

lOdO'Osmous acid 08 l 2 ‘ 2 HI is ^rmod v^en 
nascent hydrogen iodide reacts wi 4 h an osmium 
compound. Its solution possesses a me emerald- 
green colour, which rapidly turns red on exposure 
to air, but its salts are more staklc and form 
permanent green solutions. reaction may 
be employed as a test for osmium oonmounds 
and also for*iodides in the presence of effloride# 
an(F bromides {41varez, Compt. rend* 1906, 140, 
1264; Orloff, Chem. Zeit. 1907, 31, 1063). 

Osmium |etn&ulphide OSS 4 is an insoluble 
brown substance formed by passing sulphuretted 
hydrogoju into a solution of the o«ide. It is 
precipitated from alkaline solutions of OSO 4 by 
ammonium or potassium luiphides, in exeess of 
|»which it is insoluble. • 

Osmium AilpMte* OsSOg numerous 


1915 262, 20f For a full Account of the 
Haber synthjliio ammonia process with 
^mium as catalyst, see Haber and le Rossignol * 
Zeits^ Electroch. 1913, .19, 63. An aqueous 
solqjiioti of f^maldehyde decomposes in. the 
presence of os^um intcc carbon dioxide and 
%ihthyl alcohol (Mi^Jer, Ber. 1921, [B] 3214). 

Compounds of Osmium. ^ 

Oxides . — Osmium monoxide is a greyish- 

black powder formed when the corresponding 
sulphite i# ignited with sodium Carbonate in a 
current of carbon dioxide. • 

Osmium sesquloxlde Os^Og is ®b(|iiiied 
similarly as a black powder, or in copper-red 
scales by the reduction of the tetroxide. A 
corresponding brownish-red hydroxide is pre- 
oipitarod 1% the addition of alkalis to alkali 
osmochlorides. • ^ , 

Osmium dioxide OsO^ is obtained similarly, *[ 
and like the foregoing oxides, is feebly basic. 
It 18 bluish-black, but when prepared by heat- 
ing its hydroxide in a current of carbon dioxide, 
it forms masses having a copper lustre. Pure 
OsOg may be obtained 111 a crystalline condition 
by heating the finely divided metal in the vapour 
of O 8 O 4 . In absence of air it is very stable, but 
when mixed with combustible bodies it defla- 
grates on heating. Dried hydrated osmium 
dioxide has the composition 0 s 0 .^, 2 H 20 , and is 
gradually ^xidised in air to the tetroxide (Ruff 
and Bornemann, Zeitsch. anorg. Clieni. 1910, 66, 
429). • • 

The precipitated fUoxide is .colloidal and 
roadi^f ^ftns sols in water. Heated in a 
neutral ^s half the water is lost below 120° 
and^the rest below.2(1t)° (Buff and Ratlisburg, 
Ber. 1917, 60, 484). ^ee also Amberger (KolL 
Zeit. 1916, 1*7, ^7). 

Osmium tetroxide OsO^, sometimes errone- 
ously %sraed osmic acAd, is prepared by hei^tiiig 
finely-cMvWed osmium in •air or steam, pr 
dJksolving*it or tlft lower oxides in aquei^regiu. 
It may also be formed by atlac!ling the metal 
jvith fused ^otassiur# hydroxide gand nitrate; 
the mass is dissolved in water, precipitated with 
alcohol, and oxidised with chrcijiBc geid in a 
ourr|^t of oxygen. The pure tetroxide so forme*d, 
w'heik treated with potassium hydroxide and 
alcohol, forms osmHte KjPa0^2H^O, 

which separates as violet - noloured cry^l;all 
(Ruff and Bornemann, f.c.). If no alcShol i8f{ 
added the solution is colotrless and consists of 
potassium perosmate (KOsOj) formerly known 
as osfnate. ThjB.sftlution necomes* brown on 
standing’ and on boiling loBei ^0804 and oxygen 
le^n|[ tke osmate. 0|mgim tetroxide •forms 
glistening needles, uiii^ sublime readily, %nd 
give a colourle* solution in water. The solution^ 
possesses a o^u^c Jaste, tnd is turned yellow by 
sulphur dioxide, tuen browu» green, ajgd finally 
incUgo-blue. When fused it b^Is at 100°, erait- 
tinf a vapour of a powerful penetfating smell 


inflammation of the muooi^ membrang. The 


which attacks the lung and eyes, and produces ^qpmple# sulphilips have been prepared (Rosen- 


heim and •Sasserath^ l.c. ; feosenheim, ibid. * 



V2B O^Mim 

1900, 24, 4^). Osmium forms complfe deriva- «tered, evaporated in a dry vacuun* and re- 
. tives with ammonia and^lso an acid OsNOgP, crystamsed from water (Amaud,|Comgt. rend, 
termed osmiamic acid,^ number of the salts of 1888 , 107, 1162). * ^ w 

Tyhioh have been prepared (Werner and Binklage,^ The crystals obtained by extraotiilg Stro- 
Ber. 1901, a4, 2698; ibi<L 1900, 39, 499). By ( 8 aill.) with OSj, ]mc.*alc 6 hol also 

liae action of acids on tne osniamatos, nitrilo^^§eem idontioal with ouabain {Thoms, Chem. 
compounds of osmium ai^ formed {ifeizard,! Zentr. 1904, i. 1277). * 

Ann. Chim. 19QP, [vii.] 21,311; Werneir and Ouabain forms pearly glistfining plates, m.p. 
Dinkls^^e, l.c.). 'j 186"'-! 88°, and yields a crystalline .hydrate wiijf 

Osmium nitrite 08(1^0 a) » and complex \0 molcculos of wator*at ordinary tempemture, 
nitrites and nilroso derivatives are also known! with 4 molecules at 30°, and with 3 mSiec^les 
(Wintrebert, lx, ;*and Compt. rend. 1906 , 140, 1 at 60°. f ‘ { 


686 ). Osmium also forms a series of omo* | The roto^ory pow( 
CAjanides very similar to ilhe ferrocyanides. j tion of ouabain is [a]i 
Oamium oxalates have boen^prenared by Wintro- 1 flTwinntdv solnbJo in p 


The rolG^nry power of a ^ p.o. aqueoi® Bolh>^ 
1 of ouabain is [alp “30 -6°. Ouabain is very 


^oentprenared by Wintro - 1 sparingly solulJe in ether, absolute alcohol, and 
chloroform; 100 c.c. of water dissolves 1*67 
OSMOPHORES. Groups or radicles which gram ouabain %,% 30°, 0-93 gram at 14*6°, and 
are supposed to determine, or to be concerned in gram at 8 °. 

forming, the characteristic smell of a substance. jt jg readilf hydrolysed by dilute acids thus ; 
OSMOSIS t;. Solution. « ^ tr , u- u n 

OSONES V. Car^oiivorates. ; U 0 Jii 2 G 6 H"t/ 24 B 8 eGg 

OSTEOUTE, Calcium ori}top1ioi>j)haief ' forming rhanmose and a rod resin which is 
Ca0{PO4)2 V. Calcium. probably formed by the polymerisation of the 

OTAVITE. A basic carbonate of cadmium second product of hydrolysis (Arnaud, 6 ompt. 
(Cd 61*6 p.c.) crystallised in the rhorabohedral rend. 1898, 126, 340, 1208). WhyjR (hiftd, the 
system, and one of the few minerals containing resii), loses 4 H 2 O and forms C 2 fH 2804 . Alkalis 
cadmium as an essential constituent (v. Green- *do not attack ouabain in the cold, but by forming 


OOKTTE). ft forms white to reddish crystalline 
crusts* of miliuto curved rliombohedra witli a 1 
Ijj'illiant lusft'o. It is found in small amount, j 
.together with greenockite, malachite, cerussite, 
&c., lining cavities m*the oxidation zone of the 
deposits of copper ore at Otavi in South-west 
Africa. L. J. S. 

OTOBA BUTTER. The fat exj)re 8 sed from 
the fruit of MynsUca oioha. Contains the 
glycerides of myristic, lauric, palmitic, and olcie 
acids ; an essential oil consisting chiefly of 
sesquiterpenes and unsaponifiablo matter con- 
taining otobite and fso-otob^t® Otobite appear-s 
to contain one methoxy-grouji, but^i.so-otobite 
doe^ot. Both give pontabromidcs, m.p. 190° 
and 191° fospectively (Baughman, Jamieson 
and Brauns, J. Amer. Chem. Soc. 1921, 43, 199). 

OTTO OP JIOSES V . Oils, essential. 

OUABAIO. The poison of the SiMnalis. 
Along the whole oi the west coast of Africa, 
especially in the country di the Somalis, occurs 
a tree used by the natives for the preparation of 
their arrow-poison, and called by them Ouabaio. 
Its wood is yellowish-white, very hard and^ 
dense, ^odourless, bht fiossessing a strong bitter 
ta 8 ]^ 6 . Arnaud has isolated from it (J. Hoc. 
Chem. Ind.4l889, 211 ; 1888, 686 ) ouotxnn, 
C 8 oH 40 Oja, *which has a physiological action 
similar to tnat of s^fophanthin, but which is 
twice as toxic, the poisonous dose being about 
0*2 mgrm. pfr kilm of body-weight {Hid. 1888, 
765)— 4Jathelineau, J. Pharm. Chem. 1889, 436 ; 
J. Soc^Chem. Ind. 1890, 101. Ouabain may be 
«Iistin|uished from strophantin by ivarming the 
gluooside with hydrochloric acii and resorqjnol. 
Strophantin gives a rose c^oration, whereas 
ouabain gives no coloration, this di jPerence being, 
due to ^he action of the •respective sugars 
formed bjt the hydrolysis. Ouabain • is also 
obtained from Stropluinthus glaher, by extracting 
the seeds, from whiolf the oil has been removed 
by presefhre between filter paper, by shftkin^ 
with alcohokfon several at*a temneratur% 
^ not exceeding 60°. The extract is distWed aStd^ 
the syrupy residiie is takeji up with "ilater at 60°, 


soluble salts they increase its solubility in water 
and its rotatory power : fused with potaslf or 
soda, ouabain decomposes at 220°-240t forming 
oxalic acid, a resin and carbon dioxide (Arnaud, 
lx, 1280). 

With bromine, ouabain gives an amorphous 
derivative coutaiuing 60 p.c. of halogen. 

I Heated with an excess of acetic anhydride 
at 30°-70“, ouabain forms the heptacetiji, 
<^■' 30 ^ 39012 ( 021130 ) 2 , m.p. 270°-275° (Arnaud, 
l.c, 349), whilst wJien ouabain is Imated with 
acetic anhydride and zinc chloride at 70° and 
the cooled fjiroduct poured into 6-6 times its 
bulk of Water, it forrns^an anhydro-hepiacetin, 
C 3 oH 820 ii( 02 H 30 ),, m.p. 310° •f^esoiftp.), 
[aJi)— 68*50 at 86 ° (in alcoholic solulion)* On 
saponification, this Hcetih ^fields an acid w,hich 
is similar to, but not identical with, ouRbalo 
acid (Arnaud, l.c, 1664). ^ * 

Concentrated nitric acid completely oxidises 
ouabain even in the cold, forming oxaljc acid^ 
carbon dioxide and<n 8 oluble amorpRow nitro 
deriv^ives. With more dilifte acid fsp.gr. 1*2), 
no oxalic acid^s formed and insoluble crystalline 
nitro derivatr/es are produced. ,, • 

The di-niiro derivative, C 23 H 24 (NO 2 ) 2 O 0 , is 
formed 40Cr76° and crystallises from acetone 
in yellowish silky needles, m.p. 309° (deoqjQp.). 
It acts as a dibasic acid and yields crysicuHne 
sal^. J The^ potaSsium sftdium salts form 
brange-red aqueous ^lutions, the ammonium 
isalt cFjistalliseB in golden yellow needles. The 
mononitro derimitwe*€ 23 H 26 (N 02 ) 0 j is obtained 
at 16° or bolqjW. ’ It forms yellow anhydrous 
crystals, nt.p. 280^ (decoiflpj ,^and also yields 
alkali and amnifnium salts. These nitro 
derivatives are reg*rded as derived* froin^^ie 
confpound C 24 H 3 g 08 wniofe is produced by the 
I hydrolysis of the ouabain (Amaifti, l.c. 1878). 

Ouabaie acid ^ ybtaineU by 

heating a. dilute aqiieous solution of ouabatn in 
a sealed tube at IBO®, or better, by heating 1 part 
of crystalliile ouabahi witljj 3 parts of strondlunf 
hydroxide in 10 parts bf*water for 12 || hours at 
100 °. ¥he hot solutiQn ia saturated with oarlxm 



cuoxicte, ^tered, ooiioeiitrated in v^cuo am ind eya^ratmg to about oi}e«8ixth tbe 

poured, little by Uttle, into 10 times its vclame m original bulk. Tue ci|[y8tals obtained on cooling • 
absolute aloltol. ^TRe precipitated strontiuii are recrystallised. If stinger acid be used the 
salt is diifeolved in water and decomposed with •aotiou is liable to becomesunmana^^ble. • 
sulphuric acid ; it is then €lterei and the This process was * 


sulphuric acid ; it is then €ltere^ and the This process was formerly employed on the 
Liquid evaporatsd in vacuo. It is amamorpbousi a manufacturing «cale out has since been supef- 


ItiBan»amorpbouB|imanufaoturing«cale out has since been su^« 
yellow- white substance, m.p. ^6° (decomp.), Tseded* by other processes; although possibly 
resembling gum^ a^^earance, very soluble in Ulle dteoovery of Naumann, Messer, and Lincien- 
•water and in, alcohol, but insoluble in ether. It ^aum (D.R. PP. 183022^08999) that vaj^adium 
is a phasic acid wMch decomposes the alkali \^pentoxide*o the extent of 0-001^ to ^*002 gram 
an^ Slkaline %earth - - • - - 

corresponding Rjetahio 

solution (Arnaud, l.c. 1280). 

According to Faust (Chem. rfilentr. 1902, ii, 

1217) acocantherinf isolated froi* Acocanthera 
abyssinica (K. Sebum.), is li^Jmologous with 
ouabain, bein^, possibly, the dimethyl derivative. 

For the j^hysiological and therapeutic action of 
ouabain v . Hatcher and Brody, Arcilr. tL Pharm. 

82, 360 ; MiiUor, Zeitsch. Allgem, Osterr. j^poth. 

Ver. 1908, 46, 319, 331. Cf. Strophanthus. 

OUTREMER. Ultramarine { q . v .)\ also 
PlOMSNTS.. 

OVARIA SIfilC., OVARINUM, OVAR^EN, 

OVADIN V . Synthetic drugs. 

^OXALIC ACID C2H2O4, or COOH 

• iooH 

This acid occurs as the acid potassium salt 
m wood-sorrel, garden rhubarb, and many other 
plants. The spring foliage of many plants such 
as Samhucus nigra, Craiceyus oxycantfia, Msculus 
hippocasianum, contains small quantities of 
oxalates. Notable quantities of calcium oxalate 
have been found in Acacia Camhegii and other 
species of Acacia. As calcium oxalate, it occurs 
in many fichons and in certain urinary calculi, 
and in the free state m found in Bomea (Poly- 
porus) igniariua, in be^ loaves, aijd in the juice 
of pea. It is one of the constituents 

of the ‘organio non-sugar’ in the saccharine 
products from beet-jj-o^s, a'ftd to about 2 p.c. in 
* saWation mud ’ of #ugar refineries. It is also 
produced in tha oxidation of Sarbohydrates by a 
large number of bacilli (Zopf, J. Soc. Chem. Ind. 

1900, pi; Banning, iUd. 1901, 1161); .and 
also bjj ifce action of mu’ny fungi and yeasl^ 

(fSindner, ibid. lOCfl, 628 ; Raistrick and^lark, 

Bio-Chem. J. 1919,. 13, 329). -* 

, Oxalic ^cid is occasionally fq^ind in beer, 
due apparently to the action of wild yeasts, and 
leads to the formation of caiiitun> oxalate 
crystals in 4eer deposits (Wiil, Zeitsch. Ges. 

Bra%. 1916, 38, 106-116). 

It is obtained alkafine s^t w|jen^\n 
alkaline formate is gentry heated, and as tht? 
ammonium salt when an aqueous solution oft 
cyanogen is kept for somfl^time. The sodium 
salt is" produced by passing darbgn dioxide over 
sodium heated The free acid is one of 

the prinbipal products of tl^e action of nitric 
acCff and* other oxidi^g# agents on (srgaiqo 
matter, 0 ^ 


sium •oxalate by direct union of carbon 
ioadde and^pSassiura hy<iroxide at.#80®-200° 
(Oompt. rend. 140, 1209). if the laboratory, 
^oxaffio acid may be oMained by gradttally adding 
8 parts nitric acmtf sp.gr. 1*38 to 1 part of 
white sugar or staych* hea$ng tlfe mbsttfre to 


ture, higher yiAd»of oxalic acid are obtained, 
and no interm&dia^ products result. Before 
subjecting the carbohydrate the #ction of 
oxides of nitrogen in the presence of vanadium 
or molybdenum compounds, preliminary treat- 
ment of the carbohydrate with the oxides of 
nitrogen is recojpmendcd JEng. Pats. 14234, 
1916; 101680, 191(1). 

The fimt process to rejilaco it was the w^ell- 
known one in which sawdust^ is heated with 
caustic alkalis. Starch, straw, bran, and other 
vegetable matters may be similarly treated, but 
the best results are obtained with saw'dust ; fir, 
pine, poplar, and other soft woods, giving better 
results than hard woods, such as oaM and beech. 
In order to obtain a finer product, the sawdust 
is sometimes treated with an altaline lye 
remove resinous and like bodies before fusion. • 

This process has recei-^^d many modifications, 
the chief one being the addition of some oxidising 
agent. An improvement is patented by Plater- 
Syberg (Eng. Pat. 23082, 1893). The material 
rich in carbohydrates, especially wood and moss, 
is impregnated with caustic alkalis and then 
heated in presence of an oxidising agent. Hot 
aiit or a mixture of steam and hot air, may 
conveniently be ased as the oxidising agent. 
Acetates and oxalates are formed, the relative 
proportion of each depending on theJbempcMture 
employed. By working at about 120 , acetic 
acid and a very small quantity of oxalic acid are 
formed. On raising the temperature to about 
300° and increasing the quantity of hot air, the 
form^ion of acetic acid aljnost entirely ceases, 
whilst oxalic acid is' formed in large quantity. 
Pulp suitable for paper -making is obtained as a 
by-product. Cf. Hedenstrom (Chem. Zeit. 1911, 
.w36, 863). , 

' ft. modification of Plolei^Syberg’s process is 
that of Zacher (Eng. Pat. 2308, 1897), in wWch 
the Oxidising material is sodium ^peroxide pr 
hydrogen peroxide and the heata^ is carried 
out in a vacuum. Sawdpt or otner cellulose 
material is placed in a steam -jacketed vessel 
which is exhausted. The contents are then 
slowly raised to about 70° tP deprive the saw- 
dust of moisture and air. Hot alkali lye is then 
admitted viith continued stirring am! th# 
vacuum kept constant until a temperature not 
exc^ding 180° is reached. Towards the end 
of the procesi, an oxidising agent such as so^um 
peroxide, hydrogen peroxide, or aif Enriched 
with oxygen is admitted. The finished product 
is dissolved In water in the same vessel, and the 
, solution forced into an op6n stirring cylinder, in 
Which it is thinned and treated with Ufne. The 
Ualcium oxalafe oljjiailied, praeJidMLy free from 
^tbondle, is (kcomposed by sulphuric acid* 
It is stattW that a «ood white oxalic acid is 
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produced by this process with one recfjrstalliB?,- [ mm rweuerated by the addition of slaked lime 
tion (v. also B. R. P. 103^^6). , | and piloipitated calcium carbonate and oxalate 

Another method is^o oxidise the cellulose- j dfecomposed by sulphuric ‘add -(v.^-lso Fr. Pat. 
oentaining jaaterials, ki solution of caustie soda^ 358786, and Eng. Pat. 2222^ 1906). • • 
or potash sp.gr. 1*04 to 1*1, with perman- The Eleotrocltemisohe Werjie erf Bitterfeld 
^nates or maiiganates. The jrfelds are better^ find that oaalates are speedily and evenly pro- 
than those obtained by hfating with caustic j duced from fol’mates by heating in %. partial 
potash alone an A a much lower temperatere ‘is 1 vacuum to a temperaturemelojg 360°, preferably 
required (Droste, B. R|jP. 199683). n about 280°. Processes necessitating heatii^ 

Nitrated or chlorates in the ju’esence of with sodium carbonate or oxalate are impjovea 
Mg salts at a higL temperature are also used as ' by working in a vacuum, but t^e best 
oxidising agents (Iv. R. P. 277733). • are obtained by heati^ the forijate alone 

Oxalates are also produced together with Pat. 19943* 1907 ; Pr. P|t. 381245, fi.907 ;• 

other products by the prote^ of Cross and 1). R. PP. 204806, 269833). 

Young (Eug. Pat' 28077^ f 90^. A nitrate oj Bugan desc^bes a method by w^ich sodium 

mixture kf nitraftis is mixed witn a carbohydrate fis sprayed into a pebble mill in which a heated 

of the sugar type, an alkali or alkaline earth, and | atmosphere dl»qp.rbon dioxide is maintained 
a little water, and the mass is giadually heated — (U.S. Pat. 1232249, 1917). 
ultimately to 160°-170°. The main products Materials dbntaimng cellulose, suej^ os peat, 
in this case are qyanide %n^l oxalate. The vinasses, sawlust, can be made to yield oxalic 
addition of iron to the nyxture produces an acid ^y rfreatment with caustic soda or potash 
excess of cyanide, and the addition of sulphur, in the presence of lime, nitrates, metallic oxides, 
or a suli>hur C(impound, a thiocyanate. Am- and air between 170°-190° (Effront, Fr. Pat. 
monia is evolved during the process. 373167, 1906). • , 

A process for the preparation of oxalic Hompel’s process consists in hq|4ing ftaustio 
acid and cellulose (Lifschiitz, Eng. Pat. 1824, soda^aud carbonate of so^a o» analogous sub- 
1891) consists in treating wood, jute, straw, stances with carbon monoxide under pressure, 
and similar^materials with a mixture of dilute At 200°-360°, formates are produced, and at 
nitric tnd sumhuric acids. The brown vapours higher temperatures up to 420°, oxalates, 
eifolvod, conSsting of NO, NO^ and N„0.„ are Oxalates are also produced by heatingfiormaies 
•reconverted into nitric acid. tIio acid liquid is with or without the addition of mchflerent sub- 
used for other operations, the temperature stances at 200°-420° under pressure (Fr. Pat. 
being gradually increased as the nitric acid 389039, 1908; Eng. Pats. 3429, 1908; 4897, 
becomes exhausted. When this occurs the 1908; 3904,1908). 

oxalic acid is crystallised out by cooling. The The bark of Shorea rebusta, which contains 
ligneous material after the action of the nitric considerable quantities of calcium oxalate, has 
acid is converted into cellulose by treatment ' been described as a suitable material for the 
with a weak alkaline solution. manufacture of oxalic acid (Eng. Pat. 110837, 

A completely different method is that^of 1917). The w’aste liquor from the ma^facture of 
(Toldschmidt (Eng. Pat. 264 7€, 1897). Sodium paperpulpi# also utili8od,4)xidation being effected 
fonrmte is prepared by the patentsp’s method with nitric ac^ (U.S. Pat. 1217218, 1917). 
of heating t^odium carbonate under pressure in Bucher describes a process in wlfi^ iwrfium 
a current of carbon monoxide (Eng. Pat. cyanide is electrolysed, the oyanogenWormed is 
17066, 1895). 4 parts of crystallised sodium absorbed by 44 p.c.tlCl,^hfreby it is converted 

formate are then intimately mixed with 6 parts to oxamide and finally 1^ the actioii of con- 
of anhydrous sodium carbonate and rapidly centrated hydrochloric acid |o •oxalic acid 
heated in a molten tead bath at 400°-4l0 . Air (J. Ind. Eng. Chem. 1917, 233). 
is preferably excluded and ‘Jhe hydrogen evolved Qxaho acid is usually obtained th^ 

is collected. The reaction presumably follows (jjcalates resulting frttm these proce89es»by dis- 
tho equation 2HCOONa=:(OOONa)g+H2. The solviryj them in water anfi preoi^tating %s 
sodium carbonate is subsequently dissolved out, calcium oxaltfte, which is filtered off, wasMd, 
with ^j^ater at 33°, ^erfVing sodium oxalate.^ and decomjjpsed with Sulphuric ^ acid. Th| 
improvement on Goldschmidt’s method solution is then filtered, evaporated, and allowed 
is patented Jby Wiens who heats formate8*wuth to crystf^lis«i,i Other methods are used to some 
previously m^duced oxalates, in place of sodium extent. Mclkiugall and McBiwgali obtain 
carbonate, *at 360°-^10° (U.S. Pat. 714347, oxalic acid by first preparing the potassiuq^salt, 
1902). Koepp and Co. heat the formates with ad^inc a 8mtahl<? sulphate^e.g. aluminium sul- 
small quantities Jless than 6 p.c.) of alkali ^hatek and sulphuricL acid, and separating the 
hydroxide. The mixture rapidly melts, hydro- iresultmg alum hy crystallisation, adding alcohol 
gen is evolved at about 290° and the reaction is if necessary (Eng. 17971, 1907). 

5iompmte at 360°, occupying about«half an hour Another methotl is to add hydrofluoric acid, 
in afl (Fr.^t. 331498, 1903 ; V.S. Pat 748791, which precipitates Ue alunf artificial cryoUte, 
1904; Eng. Pat. 9327, 1903).. NagAlF, (G. MiitL B. R. P. 21^40), The crude 

Feidkamp (U.S. Pat. 8029 W, 1^06) simplifies apid » usually somupwHjat dirty from adhesadit 
the sodfhm formate method# of manufacturing mc^er-liquor. It is sepaarated therefrom by a 
oxalates heating caustic soda in a current of ^ , centrifugal cleanser, washed with .a minimum 
carbon monoxide and dioxide (water gas or quantity of cold watef, an^e^stalliseds 
prodifter gas). The resulting mixture of sodium The sipid cannot* be purinid irom oxalates W 
formate ^nd carbonate is afterwards heatbd td> ordinary recry8||lli8ation, but requires to be 
a higher taiApfratpre Atji thi evolution ofi crystallised* from hydrooMorio acid of 10 tk 
hydrogen ceases, and a raixtuw of oxrflate 11^1'* p.o., which retains the kases os chlc^des. A 
ifesrbonatc is preduoed. »The oausfip alkali is seconcteorystWlisat^n r^oves the acid. The 
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tint w*«..lie«ted with the 
decomposed into carbon monoxide and moxiw 
g 1 \^^thout darkening th^ acid. Phosphono acid 
iS. band phosphorus A 


pure aoidkiaey also be pruned bjr'suhlimatiJ^ 

OS describee^ below, or by decomposing the 
methyl hr etlyl ester^th water. a 

Fo» the preparation of pure oxalic acid, bana pnospnorus peiitu- 
Sohraatolla • recommends crjistallisation from cause the evolution (d these gases. in 

absolute alcoh^f containing a drop or two without action^ on tie anhydrous , .i w 
Bulphuritf acid, foUowed by crystalUsation from presoi** of water is educed to hytoocnio 
water, the solution bling allowed to stand for aeid |(ith evolutiorf of carbon di , • 

Beveral hours in noth cases. The crystals are ichlontes and chlondes ofeMily re 
^en dried at 30°-40°, and finally over calcinm such as go» and platmuti, have a si^to ^ 

ohlor\de(J. Son. Chem. Ini 1901, 496). Ricchel- bromine water 
> ““-WofcrsIto^Btailij once from cthor^^^^ orystalline 

transparent monoclinic prisms of sp.gr. 1 641 at 
4° (Joule and Playfair), containittg^two molccule| 

of water. , §•7, u 

In an atmosphere dried by sulphuric acid, 
graduaUy loses its water. The. water is also 
gradually evolved and the ory^als become 

opaque when heated at 60° or 70 . § e 

^ ^ . ... .1 • .a ^..aro+olhgatTO 


aoaium suTpua* 

ttodium hydrogen omlate and sodium by S 
fulphate (Kohn^broA, Abs. Cl^em. ho^ 1917, i. 

^ ^ 1 i:.vVaf AYH,Uc acid 


When exposed to bright bght. oxalic a 

solutions are decomposed, yiel^ng ca 

dioxide and water {^iouns and ^ 

8oc 28,209); oxidatiofl with nitiic aaa 

:?yTaL rrirtb^waterof crystaliisatV at 1 Se Vo^cJl X- 

98“. and arc then somewhat difficult to desic- f^XCdsoMChem. Soc. Trans. 1894, 

cate, «. is advisable to dry the crystals at the ] <;0>:;h-« similarly {cf.‘ 


Ac- 


lower •temperatures. iSaturated solutions of 
oxalic acid los^ acid even on the water-batii. 
The anhydrous acid (dried as above) imy 
volatiUsod even at 100° and readily at 157 , ana 
he»thus obtained m pure white needles, ine 
temperaiwre should not bo allowed to exceed 
157°, as considerable doconipcJsition ensues and 
an inferior product is obtained at 160 . 

When oxalic acid is dissolved in 12 parts of 
warm concentrated sulphuric acid, the solution 
gradually deposits glistening rhombic pyramids 
of the anhydrous acid, which rapidly absorb 
two molecules of water and fall to powdei. 

Oxalic acid dissolves readily in water and m 
2J parts cold alcohol. It is also slightly 
soluble in other, but ^ insoluble in^chlorotorm, 
benzene, and petroleum spirit. , , ^ 

iftMowing table gives the solubility of 
oxali8 adSll in water as averaged by Seidell from 
the results of Alluai^ ; Miezynski 
1886, 7, 268) ; Henry (Compt. rend. 99, 1167); 
Lamouroux.(M. 128, 998)*; aiicb a\26 , of 
Foote and Andrew ( Amer. Chem. J. 1906, 164) . 

Onus. (OOQH)* 
k per 100 grms.* 

1 ° Iflo Elution 
40 2M6 17-464 

60 31»63 23-97 

eo 45-56 31-37 

70 06^2 ^ 38-95 


Oxalic acid m #^iowerful j:ediicing*ag^nL 
The aqueous solution is c^idis(Rl at the oi^pmary 
temperature in presence of jueroxides of lead and» 
manganese. It precipitafes gold from solu- 
• tion of the chlorid^ and, ii^ sui^ight, similarly 
reduces platinugi*onloride. Oxalic %cid reacts 
with potassium permanganate as follows ; 

?■ 

In 


r62r‘1.;d.”^7‘Fei‘oxidI.acts similarly (c/.- 


f 

#«frms. (COOH)a 
• <fer grms. 

? 

AaO 

3*46 

Solution 

0 

3-33 • 
• 6-26 ^ 

^0 

6*66 

20 

8*78 

8-07 

26 

11*36 

10-21 

30 

<A3*77 

• 11-91 


however, Jon7en and Reicblor, Chem. 

1904, i. 81) : the reaction is f ““y 
by certain metals (0. Sulc, ioid. 

Certain substances have the P^.’P'^y.'fXtffins 

ing the decomposition of oxaUc 

Thymol was first recommended by Geriand p., 

Soc. Chem. Ind. 1891, 20^, and ^ 

of a number of substances has been made by 

Jorissen and Reicbler (Chein. ^ • 

369). OxaUc acid is reduced by nascent hydr 

fhe1?ction of phosphorus 
(2 mols.), anhydrous oxalic acid (1 mol.), oxaly 
ch^ride 0.^0., CL is formed {q.v.). 

Solutions 0 ? rf)^alic acid decompose cai- 
bonates, tiosphates, chromates, &c., 
fluor8par.^*When heated with socUum or ce*oium 
ohlorido, the powdered acid libefates hydro- 
chloric acid. Potassium and ^ 

heated with the dry acid, cause ^n evolution of 
hydrogen with production of a carbonate, tfie 
temrlfi’ature rising to incandescence. 

When heated wi^i glycerol between 70 and 
90°, oxaho acid is converted into formic acid 
with evolution of carbon dioxide, glyceryl acid . 
oxalate being formed as an interme^ate pro- 
duafc (Chattaway, Chem. ^o*. Trans, 

The commercial acid and alkaline (^^tes 
frecuiently contain organic matters which ^use 
charring when heated alone or ^tth sulphuric 
Scid. Sulphates are usuaUy presAit, and l^d 
and other heavy metals frequently occur. A^n 
has found as much as 6*3 p.o. of l|gd oxide in a 

sample of the acid. i 

OxaUo acid is largely used as a 
in oaUco-prmting and dyeing, and ior bl%ohin^ 
flax and 8t?aw., In dyeing it is use*! as a sub- 
stitute for cream of tartar, on account^ of iM 
I cheapness. In tile process of ‘ chrommg wool, 
kts utiUty U«8 in,its power of fpm^. 

' salts and in its reducing propertiesJKorner, J. 
Soo. Chem.. Ind. 1896, 1044). Its property of 
accelerating the action of ehromio acid oiyndigo 
. o ofJnn nf a. ahromium 


* 0 

l^n ^re^iftf I- ««Phurf ^d'l^AdJ^d ?or7;to oTa-,hrImium 
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oxalic aoid^in the indigo discharge pijfcoeas has ifi the hrdroohlorio %Bid with . 

also been studied by M^lerua and Margulies aocurt^ by titration Vith peamanganate if 
{ibid. 1893, 768) ; Schanosohnikoff and Michirfiff l|ie initial temperature crfHitratioifeis nbt below 
{jbid. 1902, 1270); and Jorissen and Iteicher# 70® and the permanganate isibun in sldWly. The 
(ihid. 1903? 623). Werner (Chera. Soc. Trans, concentration of«the hydrochloric «aoid should 
14)04, 1388) finds that by^he a^ion of chromic ,, jiot exceed,20 c.o. dilute aoid^sp.gr. 1*04) to 
acid on oxalic acid, an acid cnromio oftcalate, 160 o.c. oxaUd solution, containing hot more 
HjCr^(C 204 )^, is produced,*and his resuks are than 0*3 gram crystallisdfl o:^lio acid. Gooch 
oonfiri^ed by tforissen and Eeicher (CheinJ and Peters recommend the addition of a man-# 
Zentr. 190^, i. 81). f^t is also enfjployed for ganese salt (Zeitsch^ anorg. Chem. 21, ,18^. 
whitening leather, for making formic acid and Oxalic acid is occasionally an imparity in^y^o- 
its esters, and ioP removing ink or iron stains gen peroxide in whicj^ it may he detected nnd 
from fabrics, marble, &c. A solution of Prussian estimated Iw nearly neutr^mg, addinf am-* 
blue in oxalic acid is emplf^ed as a blue ink. monium a^tate and sul^equently calcium 
Oxalic acid forms a constiteient of several dyes, acetate, and treating the calcium oxalate by 
Georgevi'is has #prepared^ a d;^-8tuff which ft ^ny of the welP-known methods (Roche, J. Soc. 
yellow in colour, by heating resorcinol with Chem. Ind. 190). Oxalic acid may be 

oxalic acid at 160° (J. Soc. Chem. Ind. 1898, estimated in acid beet leaves by the method of 
837). Oxalic acid has great cleansing power for Schlosing (Btiiow, ibid. 1900, 3^). The 
brass and other metal, and ^ven for wood- work, methods of ^ determination in diffusion sugar 
and forms a constftuent of a'b least one soap juico^ar% reviewed by Andrelik and Stanik (ibid. 
composition for cleaning mTjtals, &c. 1900,* 178). 

Detection aid Eniimation . — Solutions of cal- Heating with resorcinol and dilute sulphuric 
oium salts, evSn of the sulphate, give pre- acid (1 : 1, or even weaker concentration)^ serves 
cipitates of calcium oxalate, on addition to to distinguish oxaUc acid from Jiartaric and 
solutions of oxalates, soluble in mineral acids lactic acids ; the colorations s§ ootained are : 
but not in acetic acid. Free oxalic acid is pre- •lactiB acid, red ; lactic acid, green ; tartaric 
cipitated b§^ lime water and calcium acetate, acid, yellow (Brauer, Chem. Zeit. 1920, 44, 
but it^a better to render the solution alkaline by 494; Chernoff, J. Araer. Chem. Soc. 1920, •42, 
ammonia and acidify with acetic acid before 178-4). 

.testing. Pure oxalic acid and oxalates do not ^ 

char when heated alSne or with concentrated UXALATes. 

sulphuric acid. It decolorises permanganate on This extensive senes of salts includes both 
warming. Silver nitrate produces with fteutral normal, acid, and double oxalates, and a class 
solutions a white crystalline precipitate of silver of acid salts known as tctroxalates, appar- ^ 
oxalate which is very explosive wlien dry. ently produced by the combination of one 

For estimating this acid, the hot dilute solu- molecule of oxalic acid with one molecule of 
tion, free from mineral acids, or neutralised with an acid oxalate. All oxalates decompose on 
ammonia and then acidified with acetic afid, heating, the alkahno salts forming ^^arbonates. 
is precipitated with calciun^ <^iIoride or acetate, For modes^^f the deoon^osition of oxalates on 
or, when sulphates are present, w^h calcium heating, see Herschkomtsch, ^Zeitsch. anorg. 
sulpHate. For its estimation in presence of Chem. 1921, fl6, 169. Only a limMAd number 
interfering Substances, reference must be made of oxalates are of technical importailWb. * 
to standard works on analysis. After standing Potassium oxalale crystallises 

for 1 2 hours, |he precipitate is filtered off and in monochnic prisms or pyramids, readily scfluble 
dried, and is ignited at a dull, scarcely visible in water. The alid salt CaOjiy^Ki is found in 
rod heat to convert it into carbonate, if little rhubarb, sorrel, and other plants. It occurs 
saturated solution 5f ammonium carbonate is either in anhydrous, monoclinic prisms, or in 
then added to reconvert into carbonate any of trictinic crystals CQjitaining one nmlfcule of 
the substance which may have become causti- f^ater. The acid lialt, which ie much fess soluble 
cised, and the nmss^is dried and heated suffi- than ^he normal salt, forms with oxalic acid 
ciently to remove bhe^whole of the ammonium* potassium Mroxalate (AG 4 KH'Cj 04 H 2 , 2 Ha 0 ,. 
salt. When the precipitate does not exceed a which forms triolinio crystals soluble in 20 parts 
grata, it is preferably ignited at a bright-red of water^t 

heat over tff^ blow-pipe and weighed as oxic|p. • Bothi these ftcid salts are soliJi as * sa^ of 
The ignited* precipitate may also be titrated sorrel ’ or ‘ salts of lemon/ and are used ^ re- 
with standard acid. * moving ink stains, &c., and ^also for scouring 

Another ^cellent method consists in dissolv- icneilalf oleflnsiifg wood, (Sfo?I for which they are 
ing the moist precipitate in dilute sulphuric acid ^ at leant as suita we as8bhe free acid. ' 
and titrating with deoinormal permanganate. ; The normal sallmnay be prepared by neu- 
TUBS permanganate method applicable tralising the acid vith potash or potassium car- 
airectly to<fche original substaneg, provided other bonate. Ibid^alt may* be made by halving 
oxidisable substances are absent. • , a solution of the acid, neutrafisfeig one part, and 

Another alternative is t& add dilute sul- ; adding the other.* The tetroxalate w synjiaply 
phunc acid to the precipitati^ in the crucible iif I ifre|)ared by neutrausir/Jj qgie-fourth oi the sdu- 
Buffioient "Quantity to convert it into,calcium^ tion and adding the remainder, by adding 76 
sulphate, and subsequently to ignikQ and weigh* parts of potassium chlsride tt 262 parts of oxalic 
as oalgium sulphate, • ^ acid, bc^h in saturated s^lulilbn.* Potassium 

Hydrochloric acid is generally held to inter^i oxalate omplayea in the hot bath nsed in the 
fere with volumetries e^imdPtion of oxall^ ’ platinotyp® proolss, and is also used in eithe* 
acid, but accordfhg to Baxteraq^ Zanetm (Aix^iTi photographic operations.^* 

► Chem. J. 1906, 6<Jp) oxalii^acid may lie estimated] Solutions* of i|ptassium hydrogen oxalate . t 
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tend to ]^eak up into the norma! potaseiuift j dep 08 itec| as a yellow precipitate on mixing a 
oxalate and Ahe tetrolalate. The lattjjr salt i normal oxalate with ferric chloride/6r on treat- 
may be hrystjlllifled frtim a not too concentrate^ freshly precipitate’d ferric hydroxide with a 
solutioio of the aoid*bdt at lO*^. ^quantity of oxalic acid'^gsuflficient to dissolve 

Sodium oxalate C 204 Nag occurs in various the whole. The solution in oxalic aciU gradually 
plants growing sA salt marshes. It qnd the aci^ deposits ferrou^oxala'Se on exposure to the lighij. 
salt are jfltepared similarly to the potassium com- T Double salts with the alkalis are obtained by 
pounds. No qu^droiftiilate has yet been pro- dissolving ferric hydroxide m acid alkaline 
^red. The normal salt requires about 36 parts goxalates. These are used in^ photogr^hy in 
of cold water for solutiop. It separates from the prepaiTation of plenum printing papers, 
hot sohitions ^ fine glistening needles or as a \ Sodio-ferrio oxalate 
qi^Sfcalline powder. The acid salt is stiU less 1 » NaaFe(Co 04 ) 3 , 4 tej 0 

*%c(lubl>. ' I > 

Ammonium oxarate Ca0i{NH4)j4H20 occurs I forms large gr^e^ crystals. The ferric am- 
in Peruvian guano. It crystallises in long rhom- j monium oxalate is sometimes used instead of 
bio prisms readily soluble in w&ter. The acid | Jho double citrate foi? producing blue prints iu 
salt 18 less soluble, crystallises |p^hombic prisms I photography. , 

and gives a tetroxalate isomorphous with that Antimony oxalates. The application of anti- 
of potassmm. These salts are prepared similarly mony oxalate and the double oxalates with 
to the potassium salts. ' the alkaline metala^in calico-printing has been 

Ammonium tetroxalate is occasiunajly found noted under arricle AntiiJony, VoL I. The 
as a crystalline deposit, of m.p. 130°, in B68nples normal salt Sb 203 *C 40 ,, 2 H 20 is obtainable by 
of commercial amyl nitrite formed by its de- boiling antimonious chloride or oxychloride in 
composition (Sandgrist and Mohlin, Ber. 1920, oxalic acid,, or by mixing a saturated solution 
68, 17t ). J of oxalic acid with a hydrochloric acid solution of 

Calcium Sxa^te C 204 Ca is widely distributed the trichloride. It crystallises out as a granular 
in the vegetable Idngdoni and is the least sfilubli# precipitate. The antimony potassium oxalate 
of the calcium salts. It occurs in rhubarb and SbK 3 (C 204 )a, 6 Hj 0 is obtained in» monoclinio 
other plants, frequently in aggregations of crystals from a solution of antimonic ^cid in 
needle-uke crystals, in larger proportions it acid potassium oxalate. It is used^-s a mordant 
occurs in many lichens which grow on limestone, in dyeing. The soditim salt SbNa 4 (CaO 4 ) 4 , 10 HjO^ 
and in certain urinary calculi. It is precipitated is similarly prepared. » 
as a powder containing one molecule of water, Cerium oxalate 062 ( 0204 ) 3,101120 is a white, 
by addition of a calcium salt to an oxalate, slightly panular, insoluble powder, permanent 
When heated to 180° it becomes anhydi-ous, but m the air, odourless and tasteless. It may be 
it reabsorbs water when exposed to the air. The prepared by the action of oxalic acid solution on 
acid salt has not been prepared. cerous oxide, or by addition of oxalic acid to a 

Barium and strontium oxalates resemble the soluble cenum salt. Cerium oxalate has medi- 
calciums^s, but are somewhat soluble in water, oiiyil properties resembling those of bismuth : 
The neutral magnesmm oxalate, and double subnitrate, and is^used to prevent the vomiting 
oxalates of niagnesi%m with notassium and of pregnaimy and in'^certain diseases (Jolin, Bull. 
amtocniiUft but not with sodium, are known. Soc. cmm. [ii.] 21, 640). » 

The •acitJ? magnesium oxalate has not been Methyl oxalate C 204 (CH ,)2 is-obtained in. 
prepared. » rhombic tables melting at 64° and boiling at 163° 

\Juprou8 oxalat? is prepared by sprinkling by dissolving anhydrous oxalic acid in methyl 
cuprous 8ul|)hite into a hot» solution of oxalic alcohol and washing the crystals ^ith cold water, 
acid. It is obtained as a brown substance com- MotH|rl oxalate is converted into oxaUc acid and 
bined mth 2 H 2 O. On heating it changes to a methyl alcohol by i)oilin^ with water. Pure 
grey oSloiir, loses water, ^nd finally undofgocs oxalic acid may thus be prepared (v. Methyl). 
^lent d(!t!omposi|ion (Danids, J. Araer. *Chcifi. Ethyl oxalate C 204 (C 2 H «)2 is a liquid which , 
Soc. 1916, 1167). * • may be obtained by slowly heating a mixture of 

Ferrous oxalate ^ours in lignite combined^ 3 ]»rt8 of the an^droas 3 .oid and 2 parts of 
*with l^Hgt) as hurnOoldtin^. It^may be pre- absolute alcohol to 100°, afterwards heating to 
pared as a heavy yellow, nearly tasteless 125^ or 130° while the vapour of 2 parUs of 
powder, alc^st insoluble in cqjd^ andf^sparingly ^bsoluto alcohol is passed in. Th^thyl oxalate 
soluble in hot watei, by mixing ferrous sul- is separated by fractional distiBfttion. This 
phate with oxalic acid or an axalate ; or inifino compound is an aromatid oily liquid boiling* at 
lemon-coloured cr^e^l^ls by ej^osufe of% toliy 186° and is decomposed by wat^ in the same 
tion of hySrous ferric oifide in oxofio Tirid. It manner as methyl oxeuiirte. Treated with 
is also slowly deposited f®^ a solution of iron phosphoric chloride at 150°-156° it yields a 
in oxalic acid. The artificial variety contains mixture of^ethyl chloride, phosphoryl (Alorida 
2 H 2 O. An acid oxalate appearff to gxist. and oxalyl chlorUc CaOjCla (Fauconnier, CompT. 

Ferrous oxtHsfte is employed as a developer ronl. 114, 122)! 

‘iai|fh©tography. The solution used is obtained A great number of aromatic esters of oxalic 
by adding ferrous sijplat? solution to exc^gf’of ’ acid have bben prepared and characterised by 
potassium .oxiiate. The ferrous oxalate exists Biecho^ and Hedenstrom (Ber. 3437); 

m the resulting sbrowm solution as a double and also Anselmino (Ber. Deutsch Pharm. 
ferrous oxalate K2Fe(C2(j4)2,2H20. Ges. 1903, 494). * ^ 

V^en heated jt is convertSd into a mixture of The decomposition of oxalates on heating, 
>it0ll and toly ivided oxid^ admirable as aj though taking place* approximutely according 
rouge fqr optical pu^oses. J 'to the ^uatiorLC«^t!a 04 ~CaC(?g+uO in the case 

Fe™ oxalate. The normal •salt ^ slowly 61 oalciuH> oxalate i^ in reality more complex,* 
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Some carbon is always produced ddring the Wetensch, Amsterdam, 1911, 14, 4^; Chem. . 
itmition of calcium oxalate. Sodium and Soc. A^str. 1911, i, 161. t , JL . 

Sum oxalates follow thd courses • For its action on aroipatio hy^carbons, see 

banumoxaiai® j ^ Aebermann, Ber. 1912, m 1186; toy poly- 

• 7Na2Q804=7NafC08+3C0-|-2C^^ nuclear hydrocarbons, Liebermann and Kardos, 

and SB^CaO^-SBaCOa-ieCO+COj+O j 93_ jt afford^ a satisfactory 

Maenesium oxalate gives equal volumes of SO and 'means of introducing carboxyl groups into 
Co! and no carbonfMgCjOf=MgO+CO+,CO, ; aromatic hydrocarbons,* and when methyl 
but most other oValates give notable quantitiea|l groups are also present in the phenyl pmde,» 
i- /m.rhn'n ^Son+.f, Soc. I higher carboxylic acids are readily obtained on 

oxidation. Oxalyl chloride diffe^ in its*fiction 
from phosgene, which mainly ^yields ketAies, 


of carbon dioxide and dferbon (Scott, Chem. Soc. 
Proc.fl904, 166). 

The ^lectrolytia reduction of oxalic acid and 
oxalates in sulphuric acid solution to derivatives 
of glyoxylic acid was first patented by Portheim 
(U.S. Pat. 798920, 1906). « 

Kinzl^ierger vid Co. (IX R. R 163842) reduc# 
oxalic acid, its esters, and amide plectrolytically 
in a cell with a lead cathode and a diaphragm in 
presence of sulphuric acid of strengths varying 
from 2 to 90 p.c. monohy^'’ate. The current 
density is 2 to 10 Xmps. per*aq. cm. and the 
temperature must be kept low. Oxanilic acid 
or its derivatives in the same conditions yield 
phenylglycine of a derivative [v. also U.S. Pat. 
8370fo ; D. R. PP. 204787, 194038). Kinzlberger 
& Co. have since secured an additional patent 
for the use of electrodes of metals not attacked 
by sulphuric acid, particularly mercury (D. H. P. 
210693i,\ BAyer & Co. make use of sodium 
amalgam in tiie reduction of oxalic; acid deriva- 
jbives (D. R. P. 201896; J. Soc. Chem. Ind. 
1908 11761 • 

OXALIC ACID FERMENTATION i). 
Fermentation. ^ .r. . ,1 

OXALYL BROMIDE CgOjBrj, formed by 
the action of phosphorus pentabromide upon 
anhydrous oxalic acid, or better, by treating 
oxalyl chloride with hydrogen bromide. A 
greenish -yellow liquid, b.p. 102°-103°/720 mqji., 
m.p. -l9-6°. Is readily decomposed by heat 
into carbon monoxide, bromine, and carbonyl 
bromide, and is more reactive than*he corre- 
sponding chfcride (Staudinger and Anthes, Ber. 

^'^^OXALYlf^^CHLORIDE C^O.^Cls was first 
obtained by Fauconnier (Compt. rend. 1892, 
114, 122) by heating diethyl oxalate (1 fnoL) 
with phosphoric chloride (^mols.), but is more 
easily prepared by the action of phosphorus 


^ , » Jf 

and probably acts ift virtue of the complex* 
CO-COCl. For the action of oxalyl chloride on 
carbonyl compounds, «ee Staudinger, Ber. 1909, 

t 2, 3966 ; ChoSi. Soc. Abstr. 1909, i. 906. On 
imethylaniliile- Staudinger and Stockmann, 
Ber. 1909, 42, 3l86 ; Chem. Soc. Abstr. 1909, 

i 79(5^ ^ 

Methyl dithio -oxalate (CO *8*011^)2, pale 
yellow crystals, m.p. 82‘6°-83*6'^. 

PfopyJ ditkio-oxalate (CO-SUsH^lj, yellow 
liquid, b.p.. 168°/ J 6 mm. 

iso-Arnyl dithto -oxalate (CO‘S*C<^ii)2, 
yellow liquid, b.p. 206°/19 mm. » • 

‘ Phenyl dithio-oxalate (CiiHjjOiSj), sulphur 
Jlollo^ prismatic needles, m.p. 119°-120°, 
readily soluble in ether or light petroleum. 

By the action of alcoholic potassium hydro- 
sulphide on these substances also in #lcoholio 
solution, the alkyl mercaptan is formed and 
poiasdium dithio -ox(date C202S2K-2 results. 
Very soluble in water ; forms large colourless 
prisms. Unstable. Solution^ gives yellow or 
orange-yellow precipitates with metallic salts, 
which decompose on heating (Jones and 
Tasker, Z.c.). 

For oth(‘r reaittions with oxalyl chloride, see 
Franchimont, I’roc. K. Akad. Wetensch. 
Amsterdam^ 1913, 16, ^76; Folpmers, Rec. 
trav. chim.*1915, 34, 3C; Figoe, ihid. 1916, 
34, 289 ; Liebfrmann, Kardos and MiJJjlOk 3^r. 
1916, 48, 1648; Bornwater, Rec. tilT. ttym. 
1916, 36, 124; 19i7, 3fi, 260 ; Adams and 
Weeks, J. Amer. Chem. Sot:. 1916, 38, 26^4; 
Adams, Wirth and* French* ibid.l9iS, 40, 424 ; 
Gina, Gazz. chim. ital. 1917, 47, i. 61 ; Copi- 
sarow, Chem. Soc. Trans. 1918, 113, 819. ^ 

CrXAMINE BLltfl, -MAROON,. >REDr 


easily prepared by me action 01 - ^ 

PtLlHorl^cle (2 moU.) on anhydrous oxalic 

acid (1 mol.). It forms white crystals, m.p. —12 , _ OXAZINE •COLOURING MATTERS; 
b.p. 64°/763 mm., tf-Siwts quantitatively wth 
wa^r, VSelding carbon dioxide, carbon monoxide, 
and "hydrogen chloride, and is converted into 


oxalic acid ^then treated in the gaseous state 
with water •f apour, into oxalates by alcohols^ 
and into oxamides by^amines. Forms carbonyl 
chloride and ^arbon monoxide when heated to 
600°, or when boile#With aluminium chloride m 
carbon isulphide solution, and may therefore 
he emtflbyed in place of carbonyl chlpnde m the 
Friedel-Crafbs synthesis (Staudinger, Ber. 1912, 

45,1694). .. . 

With ethyl mercaptan oiftilyl chloride m 
cold ethereal solution forms ^hyl Hithio-oxiuate 
C202(SEt)2l:^a viscid, yellow oil, b.p. 238 - 
240°/757 mm., m.p. 24°-26° (m.p> 27 -^7*6 , 
b.p. 2^°, Jones and Tlasker, Chem. Soc. Trans. 
1909, 19(V4), light yellow crystals (Staudinger,! 
Ber. 1908, 4LIMR58). * ^ . 4 

For the aotiob of oxalyl ffhl^de oingamingT, 
%nd amides, see JBomwajjcr, Proo. fK. Akad: | 


fcoloiiring matters of thjL 'series are closely^ 
I related in stfuctur^ to those of tfie thiazme 
group, the only difference in their general 
fofmulffl oein^ qaused by the reuJ^cement of 
the coupling sulphur atom by oxygen. Two 
typical examples In Capri blue and methylene 
lilu^wfU illflstr^ this stffliment: 

a(CH,),N4y Y ^ 


lOapri blue (oxazlne). 





COIX)URINO MATTERS. 


ftfi 


CoiisfUviion.---Th^ fonnula for dapri blu| 
given ab^e represent this substance as a 
derivatil^ oL*j>-quin^e-diimide in whim salt 
f ormatjpn^s produtea Rn the imido nitrogen ai 
in, for example, magenta. Wd^fun recent years, 
attempts have been made to assign to the 
oxazines #in ortno-quinone formica 6f the same 
character as that whlohiis now generally accepted 
^s best expressin^he structure of the colouring 
fifatters oi the azine series. On this basis the 
formulJi of Capri blue becdlnes 
N 


(CH,)aN 


■/v ^/\/\jr(Oyi 


O' 


j I • +2 ^ 

blH7cH,).N/\/ , 

NItrosodImethylanilina 0-naphthoT 

hydrochlo||de. • 

• , N /■ 




(CH3),N^ 


. 0 ca 


fieltola’g blue (chloride). 


in which aalt formation is represeffted as having 
taken place through the passage ff diad into 
tetrad oxygen. The work of Kehrmtnni and 
others shows that many of the properties of 
these tjpmpounds can be better explained by the 
oxoniupi formula than by the para-quinone 
structure. the present article the oxonium 
formulae have b#en used mainly for the salgC o^ 
uniformity, although it must be remembore(r| 
tha^ it is by no means certain that the para- 
quinono structure of the aalt is incorrect. 

General dt! script ion and methods of prepara- 
tion . — The colouring matters ol the series may 
"be conveniently classed under two heads : 

(a) the basic colours ; (6) the mordant colours. 

(a) The basic colours. — I'hesc compounds are 
the hydrochlorides, sulidiates, and, in some cases, 
the zinc chloride double salts of tl»e oxazinc 
bases. I’he most typical member is MeldoIa*S 
blue, whicb#vas prepared by Moldola in 1879 and 
was the first colour of the series to be isolated. 

In the first instance th^ reparation f'as effected 
by ^lowi^jS-naphthor to react with nitrosodi- 
1 rethjiCLffl^o hydrochloride in glacial acetic 
acid soluTTon. At the present time alcohol is 
usedjas a solvent aiid the ctTlour is obtained by 
the following means.* , 

Manufacmrti . — A mixture of 20 kilos, of 
flmapiithol, 20 kilos, of nitrosodimethylaniline 
hydrochi^ride, and 90 kilos, of alcohob is 
gi^ual^ Seated in an dAa^pelled pan iitte^ 

’vmh a •reflux oonftonser, set in a wate%bath, 
until a vigorous reiicfion seta in.® The solution LlOO^ri 
quickly r^jn out of vhe pan and as isolated as [ of i^t< 
the zinc chloride double %alt by adding a 
solution of zinc ’chloride until n#*furhher pre- 
oipif»te is Obtained. The •crystals which 
separate are centrifuged, waglied with about 
35 kilos, of alocjfeo^ find dried* Tlhe y^pl^ is 1 
28 kilos, 1(ftohultz, Farbitofftabellen, 6^ ed.* 

221 ). - 

Properties . — The coloUt is a dark violet 
powder, soluble in water forij^ing^ bluish-violet 
solution, . It dy^ #olton moraanted with tannio 
ao^^nd tartar emetic an indigo shade of blue. 

of /orTimJ^onr— There is no oi^J^t 
that the formation %)f an oxazine colouftng 
matter, in the ftaimer described above, involves 
the reduction wne-tmrd of the nitrosodi- 

methylaniline useerto a5?/m*dimethyl-|i-phenyl- 


0 " 


+3H,0 


f netomine and that the qi 
he lormation of Mel^ol^’s 
as follow^: — 


ion representing 
can* be written 


+C1H(CH3)2N/^ 

i[«ym-dli5aethyl-j)-phenylenedlamine. 

Literature.— M&\eky\& (Be*. 1879, 12, 2065; 
Chem. Soo. Trans. 1881, 39, 37) ; Nietzki and 
Otto (Ber. 1888, 21, 1745) ; Wit4 {ibid. 1890, 23, 
2247) ; Nietzki and Bossi {ibid. 1892, 26, 2294). ( 
Meldola’s blue appears in commerce under other 
names of w^hich the following are the more 
important : new blue R, fast blue, cotton blue, 
fast navy blue, and naphthol blue.* 

It is* evident from the above e^uatidh that 
the formation of an oxazine colouring matter mt 
the type of Meldola’s bluc^imght bo expected to* 
ensue when any derivative of )3-naphthol is 
treated with a derivative of nitrosodimethyl- 
anilino provided that in the one case the adjacent 
position to the hydroxyl group is unoccupied 
and in the other the ortho-position to the 
nitroso -group is free. In practice, however, 
the formation of colours of this character is , 
confined to the sin^pler reaction. Nevertheless, 
a new method ff)i% the preparation of these 
colours wa* introduced by Reissig in 188^ and 
by its means a number of important emours 
were added to the group. The new process can 
be best illustrated by referring to the production 
of Nile blue A, which is produced by the inter- 
aotiom of nitro8odiethyl-?/i-aminophenol hydro - 
chloriae and a-naplithylamine. ^ 

Preparation . — ^A quarter litre flask, fitted 
with an air condenser, containing 10 grams of 
a-naphthylamine hydrochloride dissolved in 
l^rams of glacial aceyt; acid and 20 grams* 
i^ter, is heated on the Sknd-bath u^til the 
contents are at the boiling-iioint when 17 gleams 
of ifitrosodiethyl-m-aminophenol l^ydrochloride 
afe added in small portions at t*time. The 
vigorous reaction which* is caused by eajh 
action is allowed to subside before a fresh 
portion is added. When all^e phfnol has been 
used the mixture is allowedto boil for half an 
hour when the colouring matter separates as 
glistening ciystals on oooUng. ^ • 

iirqperitfi6f.— ^Crystalline powder, with marked 
bronze reflex, solfble in water, alcohol or pyri- 
dine forming a .blue solution. Dissolves in 
concentrated sulpiuric acid forming iif orange- 
red solution^which, on dilution, pa^es through 
green to brfe. It is emjjfloyed for the dyeing 
of tannined cotton on whm it produces a ^bright 
iiihade of blue. , ^ * 

I# MeeJ^nism of fmmation. — ^TJhe formation of 
fNHe blire A may be expressed by an equation^ 



7* c». OXAZINB COLOUEINO'MA^RS. 

simiUr to that giwn in the case of Meldolfi 
blue, as shown Mow : • 




i.n/ 
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\AnTi» 


•NH,HC1 






,0-^; 

IN /-\‘ . 

jjl. 

•■‘A 


+3H2O 


'^OH 

Liieraiure.—Eei^Hig (B. 4S. 'F.)* Eng. Pats. 

4476, 1888; 11046, 1891;,U.S. Pat. 431641; 
J). R. PP. 46268 ; 74391 ; Fr. Pat. 189358 ; Bayer, 
D. R.'P. 49844* Fr. Pat. 198588; Mohlau and 
Ullmann (Annalen, 289, 111); Thorpe (Chem. 
Sue. Trans. 1907, 91, 324). The commercial 
product in usually the sulphate. 

Other members of class (a) may be summa- 
rised as un^Qr; they are employed as tannin 
cotton*coloum. 

• Capri blue is formed from nitrosodimethyl- 
*hniline and diethyb^n-aminooresol (Bonder, 
1890), and the Cresylblues (Bender, 1892) are 
derived from nitrosodialkyl-w-araino-p-cresol 
and meta- or para-diamines. 

New blue B is formed by the condensation of 
a.9.vm-dimethyl-p-phenylenediamine with Mel- 
dola’s blue ; 

/"X N 


(Cil3)aN-C,H,-HNls^^/ 

. 0 

i^i 




It has been already stated that this ba^ is a 
^by-product in the formation of Meldola’s blue. 
It therefore follows that Wew blue is always 
present in small quantities in commercial 
Meldola’s blue. 

' In its manufacturt^a mixture of 21 kilo^ of 
)3-naphihol, 30 kilos, of nitrosodiraothylaniline 
hydtoohloride, and 90 kilos, of alcohol are 
heated to al»ut 70° for about 2 hours ancf the 
colouring nyi/ber is precipitated by the additicfti 
of an alcoholic solution of 6*6 kilos, of zinc 
chloride. 

New metHyleneJ^lue is formed by the action 
of dimethylamine on Meldola’s blue : 

/"\ N 

•% 0 • 


hCl 


. New fast blue ?, H (New Indigo blue F, R).— 

These dyes are obtained by condenUng tetra- 
alkyld^minobenzhydrols %with ]yt|ddolf’8 blue. 
Ihey dye tarmin-mordahteej cotton ^n parlous 
shades of indigo ^Ij^ue. ^ , 

Nile blue 2B is formed by the condensation 
8 f nitrosodfotljyl-m-aminophen^ hydyohloride 
and benzyl-a-naphthylan|ine (P, Julius, 1891) : 

\ N 
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C.H.-CH.'HN- 
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Cl 


jplours of this series have been 
used for some considerable time as stains for the 
purpose of colouring microscope sections ; like 
other basic ^olours, they stain the nitrogenous 
parts of jthe section leaving the neutral regions 
uncolbured. It has been shown by Lorrain 
Smith (J. Path. Bact. 1907, 12, 1) that certain 
colours of the oxazine series possess the •urious 
property of staining sections con^nin^ nitro- 
genous matter and neutral ft^- cTifPerentially ; 
l^haf^ia to say, whilst the nitrogenous matter is 
coloured blue in the usual manner the neutral 
fat is stained red. The colouring matter wWoh 
exhibits this property to the greatest gdegree is 
Nile blue A, and there is no doubt that the 
cause of this behaviour is due to the partial 
hydrolysis of the dye in solution, Ijius ; 

Cl 

I 


X) 


• ^ N I •] 

Nile blue A (cbIorlde).~muo. 






\/\ 
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, ' . • • • \/^* 

' ^ *The phenonaphthoxaftone.— - rW. 

It is found*(Chem. Soc^j^I^ans. 1907, 91, 324) 
that small qiantities of tie oxazinetare formed 
so soon as the dy6 is dissolved in water and 
tl^t it i^rea^ily extracted by neutral solvents. 
It is evident, thferefore, that the sfKining ofcthe 
i>_x •_ .1... extraction df the 

ft 

mor^, ant % colours . — That colouring 
jimattcrs of this section are prepared by the 
condensation of mtrosodialkylanilines with 
compounds o^th^ type of gallic acid. The 
oxazine ciontains, theref Jraj, ^ two Jhydroxyl 
groups in the or^ho* position to the oounlmg 
ojwefi atom ; constq^ntly, like aliiftirin^fney 
yieM insoluble lakes witn tnetallic salts and can 
be employed as mordant cplqft-s.' A typical 
member of this group is Galffiopiiige, which can 
be prepared by the condensation of nitroso- 


ne^tral fat is dne 
ox^ziqf by |he iat. 

* Ih) The monfm 

It 


It dyes (mtton mordanted with tannin at' dimethylaniline ldth,gaIiio acid.' ^ - 

— :„i, ui..-. 4 .^ Manufacture}— A. ipii^ure of 76 kilo?. 01 

^ 'gallic acid, 36 kilos, of •nitrosodimetbylaniline 


greqnish'blu^ f%st to lignt %nd washing and i|U 
^also employed for the dyeing c# silk. ^ •• Ti 
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* ' “* ft^iiy^rooMozide are adM 
vJ^4 notmLaud the wholes i 

__ _ jitroBodirapfaylamline hydro* 

^ihloriite dliBPpeazed. On eooling, the pm; 



uot is known as Ult| 
The PhetK^yj 


(de la Harpe,*1893) m 


waihed with *^00 Utres of; obtained bythe action of resorcinol on the 




colouring matter is a j gallwyanine whiclf is formed^ by the oondensa* 
. j^w^.*.M|ipOrub|e in water. It dye%ition cj nitrosodiethylaniline and gaUic ^id, 

IPNnx^ Wool bluish* violet, and is" Phenolyanlne VS i|^he initial frodiict, and 

4dtb ^edt fia* n;Pon chrome-mordanted i Phenocyanine TC is Srraed from this by the 

’ and oo^ll^ ^ , oiidisijig action of air ; its airucture is probably 

V^;4 — The course of the ! represented by tlie formula : 

^ whiCthiB#f the same ch^cter as that » ^ O*CgH 4 * 0 H 


j khbwn, can be illustrated oy th^ follon - 
|c^ elation— • 

• COOH* 
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Gailocyaninc. 
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W(CH,),H01 


Literature , — H. Kochlim I). R. i\ 19580, 
1881 ; Eng. Pat. 4899, 1881 ; Er. Pat. 145ti85; 
U.S. Pats. 26372 J, 267498 ; Mon. Scion. 1883 (3) 
13, 292 ; Nietzki and Otto (Ber. 1888, 21, 1730 ; 
1892, 26, M94). 

The omer dyestuds of this group are, ’for j 
the most part, doriaed either df'ectly from ' 
gailooyanine by the aftion of v^ous reagents, j 
oril^f>*£5>«s8es in which gallic acid or a denva- j 
tive flf tlfs substance is employed. The follow- 
ing are the more i^dltanFmembers. 

I^lphlne blue (H^genbuch, 1869) is prepared 
by sulphoua»tn|g the product^fornied by heating 
gallocyanine hydrochloride with aniline. When 
the int^jaction is carried out in the cold an 
domerip «Dolouring matte;, Chromazurine, js 
tfStained. * The Ofiu*omocyanmes (de la i»Harpe 
and VAioher, 1898^ formed by the action of* 
ghlphites on gallocyallines. ,li 

IndaUjudfto (de la Harpe'^nd Vaucher, 1900) 
is obtained fretn the gallocya^io o^ulphoiyc 
aoi(k by themetion of sulphites^ 

' ^llamln e blue (Oeigy, 1889) is formed .by 
the action of ni4r(M^methy!^iliij,e on^g^a- 
toide. ‘ ^ 

/ Conhie^B (Ceblestine nip B) (Bierer, 1893)«| 
^ the oorreeponding dietllk|^ derivative. It is 

r sbablo ita>% the formula eff tl^e compounds 
bedt ei|>res8ed ^"the structure : • 

■ . CO-NH, , 

,W* I “• 


Phenocyanine TV is the sulphonic acid of 
Phenocyanine TC. « 

Gailanllic violets (Mohler, f889) are formecL 
by the action of nitrosodialkylanilines on thiT 
anilide of gallic acid. 

Modern violet (Blue 1900 TC) is a leuco- 
i , gallocyanine obtained by reducing •gallocyanine 

or its derivatives. » 

Modem violet N (Gallo violet) k obtained Jiy 
; heating the gallo- and leuco-cyanines, derived 
+2HC1-|'3H^0 from gallic acid, to 100^. The constitution is 
' rejires'^nted by the foniiuUi : 

A«v\ 
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gAn analogous colouring matter is Cbfomo 
hmlotrope (Moder^VieUotrope), obtained by the 
action of ^aitrosomonoalkylarylaminos on^allic 
acid or its derivatives with subsequijnt reduction. 

Modern Cyanine (Anthracyanine, Chromace- 
tine), produced by%the interaction of gallo- 
(jyanine ajid aromatic diamine#, dyes chrome - 
mordanted cotton greenish-blue. It is used 
cliief^ in calico-printing. • ^ 

Modern blue (GaSh) green DH) is obtained by 
treating gallocyanine with formaldehyde. It is 
used for obtaining green to dark blue shades in 
calico-printing. vJ ♦ 

^une pure, prepared^rGm nitrosodmethyl- 
aniline hydrochloride and methyl gaflatu, is- 
alscb much used in calico-printing Jot obtaining 
bjuish -violet shades. 

The above colours ar^ largely ifsed for the 
dyeing of chrome-mordanted wool on whAh 
they produce various shadoof bMe and violet. 
The colouring matters giv® below also belong 
to the oxazine series : — 

Muscarine (Annahoim, 1886) is prepared by 
the action of nitrosodimethylanilfne hydro- 
chloftdo on Z-I-dihydroxynaphthalene. Its 
structure is repr^ffented by the formula : 
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Ir. 



oxAziNE oo3W)uaii;r€^ ma' 

tbyed in the dyeing of tannine^ 

Sion it produces a fairly f^st shade 


« 

It is enupJ 
cotton on wai 
of blue. 

The Alizarin Greeif: (Elsftsser, 1895) are 
pi^^jpared fr(r!n i3-napbfi,ho(iuinone sulphonic acid 
and certain aminonaph^holsulphonic acids, 
thus Alizarin Green G is ploduoed fwhen 
/3-naphthoquinone sulphonicf. acid is condensed 
with l*amino-2-inphthol-6-8ulphonic acid >,nd 
is represented the foi^ula ; f, < 

/ '\ 


0 OXYACAfTHtNE 

associated with berberin ^ 


[i»NO,. An alkaloid! 
tnd berb^mihe in her* 







Alizarin Green B is funned from the corre- 
sponding 2-amino- 1 -naphthol-4-8ulphonio acid 
(uid has the structure ; 



Both coloui^ng matters produce fast shades of 
green 9 n chrome -mordanted fabrics. 

Fast Blac^ (Bender, 1889) is formed by the 
^(’fiidensation of nitrosodimethylaniline with 
«t-hydroxydiphenylanjino. The structure of this 
compound is, in all probability, represented by 
the formula : 




* f 

'rhe (lyurituff produces 
sliade of blue-black on 
^ cotton. 

Resorcin Blue (Ullrich, 1898) is always 
produced directly on the cotton fibre by tn^ating 
, the material, impregnated^with tnnnic ackl and 
resorcin, with nitrosodimethylaniline. 

Fluorescent Blue (Iris Blue) (Woselsky and 
Benedict, 1880) is made by the bromination of 
reaorufin, a ceKip^iA,d which is produce^ by^l 
heating} nitrosoresorcinol with resorcinol in the ' 
pretence of concentrated suljihuric acid. It has 
the structure : * 



an extremely fast 
tannin-mordanted 
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and dyes silk and wool a fairly bright shalde of ^ 
blue, the dyed fabric retaiiilng, to a certain 
extent, ^he brownish fluorescence of the dye 
solution. V J. F. T. 

OX-GAtt V. Bile. j ** * 

OXIDISED OlLSi.<\ Oils (Fixed) and Fats. 
OtllfjDOLE ti. AmBto -ACIDS (AROMATIC). 
OXpNITfi^. Exploswes. e ^ 

*®XONITraE^t>. AcoTiNnfE. v 

OXOZONE V. Ozone. * ^ 

t 


beris r(fet (Hesse, Ber. 19.^90). 

t OXYANTHR-^RUFIN. Ojcychifsa^mr^, 

ZABIN AND ALLIBf» OOLOTJRINO MATgrfiiRS., 

^ - OXYAZO- DYES v. Azo- Dygs. 

OXYCAMPKOR V. Synthetic DBues. ’ 
OXYCANNbBIN u. Rshins. 

OXYDASES. The term ‘ c^ydase * was firsip 
applied by Bertrand to the group of oxidiox^^ 
ferments which possljss certain oharaotfilistioB 
common to enzymes. Although, ’^ere is t 

in the behaviour off the oxy^es whioi^ 
tinguishes tiem sharply frem other enzymes, 
particularly wie fact that they are generally 
associated withe manganese, it is customary to 
legard them a* enzymes and to define them as 
substances whiofi, under physiological con- 
ditions, rapidjb carry oxygen to materials on 
which otherwise oxygen would act vefy slowly. 

()xyd|i8e8^ act as catalysts, their activity 
rises ft) an optimum with increase of tempera- 
ture and then falls with a further rise : it is 
destroyed on boiling. They are insoluAile in 
alcohol, absorbed by colloidal precipitates and 
unable to dialyse. Although it is 'Claimed that 
r:.ore recent researches point^dofinitely away 
from this hypothesis, they are selective in their 
action, different oxydases acting only on cer^in 
groups of more or less closely related materiws. 

The jiower of effecting oxidation is accom- 
panied by a marked absorption of oxygen from 
the surrounding atmosphere. 

Oxydases are so universally distributed and 
take^ part in so many natural phenomena, 
particularly those which are manifested extern- 
ally by colour changes, that it is surprising so 
little is understood as yet about the mechanism 
of ^their action. A number of rea^'ents have 
been employed in their study : few of these are 
really satis' actory. - , 

The most^'-extensively used are^ ^qu^jac^im, 
which gives a IjIuo coloration and pl“M(Jipr,tate ; 
quinol, which is oiddiseito quinone IjBertrand, 
Oompt. rend. 18y4, 18, <d216); pyrogt llol, 
which gives insoluble purpurogallin (Bach and 
Chodat, Ber. 1904, 37, 1342) ; ‘Vanillin, which 
forms insoluble dehydro vanillin (Herzog and 
Meier, Zeitsch. physiol. Chem. 190^’‘-57, 

1309,' 69, 67). The^* ’behaviour of tyjosinaso ^ 
studied on tjrosine which becomes fijnst red, 

[ then black and finally gi’Sjgp a black precipitate. 
[Salicylic aid ..by de,^ the IStmcobase cf malachite 
, green, phenolphthaloin, Ac., Ij/a-ve also found 
' eniployhientC'*- (For a complete list of oxydase 
reagents and rifferences to the ordinal po^ra, 

V. a, Kastle, U.f^ Treasury Dept. Hygienic 
Mbc«?>tory, BuTdetin No.QO 1 ' * ^ • 

O^e of the ' mosC satisfactory r reagents is 
tbonzi^no as used (.by Keeble and Aiiaatronc 
(Proc. Roy. Soc, 1^I3C87 b, 126) both for general 
work and fo^'th 9 , localisation of oxydases in 
situ in plant issues. This is nifji either in | p.c. 
solution in 60 p.o.-ethylalcohol or aS a satyated 
selfttton in 1 or 2 p.^t. sv^djunvchloridP. Blue or 
violet ■ brown colorations or nweipitates are 
obtained when the rea,^tion ^ p^tive, owjng to 
the formation of radn-quincftpiidi^Mi^ ^ di5>heno 
quinonehSimine wfch benziSine ii^lf. In the 


paper citeij th( 
given by varii 


laac 

icUs 


aolqur reaction! with o: 
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admixture a|^e (&ciiBsed At length. 





The better known oxycUwee * 

1, Lmcastf which toadiBW ^aiwnin, quinw, 
tannW&e.- \ind i»^ry widwy districted in 
plentt - ^ ^ 

« which ouxlses i^roam and 


alhed^tibslano^ : it oocuraln both plants and 
.Leslie studied have been**^ e 

^sT^deAwiflwe, a% animal ^ydase, which 
sls^oyiili^ehyde and other aromatic 
mUdehydes* ^ 

imJndophmol oxydum, which is widely dis- 
tr%UTOd in ai^al tissues : it forms indophenol 
jj^ni a*napddiol and p-phenylenediamine 
^^mnann and l^itzer, Ber. 1^6, 28, 567). 
Jh addition, enzymes known m Tperoxydaaes, 
which oxidise rea ents only in preseffoe of a 
TOroxide like hydrogen peroxide, ^re universal||^ 
distributed in living cells andd^sues. 

The view is gaining ground that oxydases 
are not|pntities but in reality •mixtures of a 
peroxydase and an unstable orglnic peroxide 
(Moore ancf Whitley, Biochem. J. 190#, 4 1^0; 
Bach and Chodat, Ber. 1903, 36, 606). Many 
planto contain organic bodies capable of autoxi- 
dation, thereby becoming organic peroxides. 
This Bup^exidation may be caused by an 
enzyme — the oitygenase. These two compo||^en^ 
peroxide and peroxydase, arc essential to tfll 
constitution of an oxydase. 

* Catalases are ferments which decompose 
hydrogdh peroxide but cannot effect the oxida- 
tion of oxydase reagents, a distinction first 
drawn by Loew (Bulletin No. 66, U.B. Dept. 
Agric. 1901 ). They arc very widely distributed 
in vegetable and animal tissues. Catalase is 
soluble in water and destroyed by heat. Con- 
siderable interest attaches to the catalase 
(homase) of blood (Senter, Zeitsch. physikal. 
Chem. 19<^, 44, 257 ; 1906, % 673). 

It has been suggested that the function of 
catalase is to protect the orga^sm against 
eMessivc oxidiftion, btt the inal^lity to^ecom- 
pSe^fcrtftuted organic peroxides or oxygenases 
(Bach aid Chodat, Ber. 1903, 36, 1766) and 
otlmr facts are agamst^is Mew and the question 
is cn yet but impen^tly understood. 

PeroxydkuMs and catalases arc so widely 
^stributed m living tissues that their presence 
pight ginost be used as a chemical test for 
*' al actMity. They arc oharacterised by great 


•boiled for a short The acti^ty 

oxydase ijf greatly increassd by a peroxydase, 
more espciciall^ by that from tj^ saj|^e source 
asJtself. Chey gradually lose their activity 
dunig the oxidations which they bring ab^t. 

Perqxydase% ani^r invflfr|fibly to comain 
^mangaziesi^ and il^irrai^ (C^pt.*ren<r lo9'i^ 
.... jL-_ that 1 


124, ‘^1032,^1366) has shown that the o£disin& 
power of laccase is propoilfonai to the amount 
of ihanganese present ; <urtj^er, that the 
addition of a smafi «mount of manganese greatly 
ino|e aBed the omoiBing powey f lucerne laccase. 
‘Si^lmrafore regards myiganese as Ijhe co- 
fertnmit of laocsfle iff same way as IhfWto- 
ohlorio acid iJlthe co-ferment of pepin. The 
manAanese oam|ot^o r<j|)l^ed by other metals 
in the case 0! IScpe, but and ot^er metals 
have ofopotions with# other enzymes.^ 

suspensions an^ Mutions of these 
metals |ave beep li^dwn t| form artiffoiaif 


jpbroxydase systems. The subjeoi^t a 
one. For literature, see Kastle, 

Tyrosinase. Ant oxidising ferment acting 
dn tyrosine is widely (^tributed in both plants 
and animals. When tne^zyme if added te a 
solution of tyrosine^ the mixture be^mes 
then black anl deposits finally a bla& 
tate. * The amount of action is conveniently 
ifiM^red by titralng with 0^02 normal potas^ 
simn permanganate a^er the addMiio)^ Of sul- 
phuric ad (Baoh, Be# ^1908, 41, 316) until the 
(m][our of the titer disapp^ears. 

Tt^ change is responsihfe for the reddening 
and subsequent blackening observed in certain 
fungi and in th% roots and tubers of plants. 
Kyrosinase is a^o aftmportance in the formation 
fof animal pigmenti — melanilis as sthey are 
termed (v. VOn Fiirth and Schneider, Beitrl 
chem. Physiol. Path. 1901, 1, 229 ; also von 
Furth and Jerusalem, ibid. 1907, 10, 131). 

Tyrosinase ij dWtirely different from laccase 
which usually acoqmpani^ it in plants. The 
peroxydase of laccase activates hydrogen per- 
oxide towards guaiacum, quin(^, pyrogalk)!, Ac., 
but not towards tyrosine, whilst the peroxydase 
of tyrosinase acts only on tyrosine and certaiir 
amino compounds and docs not affect the 
laooase reagents. 

Vegetable tyrosinase is best oMained from 
fungi — species of Russula or Aga^icus — from 
wheat bran (Bertrand and Muteifniloh, Cbi^pt. 
rend. 1907, 144, 1386). The young fresh fungus 
is macerated with chlcflh)form water or with 
glycerol, or the enzyme may be precipitated 
from the aqueous extract by alcohol (Baoh, 
Ber. 1908, 41, 221). 300 c.c. of clear expressed 
fungus juice is poured into 1 '6 litres of 96 p.c. 
alcohol : the precipitate is filtered, washed witih 
alcohol and dried in a vacuum. The activity 
depends on the a^of the fungus. • 

To obtain it^om wheat bran, 1 part is 
allowed stand with 4 parts water— the 
mixture is centrifuged and the solution %iixed 
with 3 vols. of 95 p.c. alcohol. Tile precipitate 
is separated, washe4 and dissolved in distillej 
water. The enzyme is again precipitated by 
alcoi^l, collected and dried %n vacuo : the 
subAnce obtained amounts to 0*8 p.c. and 
contains no laccase,* ^ 

Sources of animal tyrosinase are the ink sac 
of the cuttle fish and the pupae of the butterfly * 
of the species Deiciphili^uphorhics (von Fiirth 
anif Jerusalem, I.C.). ^ ♦ 

Tyroamase is sensitive to the action*bf acids 
and alkalis and certain poisons, particularly , 
(^drocyanic acid. It obeys thodjaws of mass 
action in the production of m«lanm from 
tyrosine (Bach, Ber. 190^, 41, 221). • 

Tyrosinase acts equally well oJIracemio, dex- 
tro- and Isbvo- tyrosine. If gives characteristic 
colours with compounds analogous to ^rosine 
containing# phenolic hydroxyl (Bertra^, BuJ). 
Soc. chim. 1908, [iv.] 3, 336). It gives colour 
changes with hflioDgentisic acid and tryptophane 
and with polypeptides containing tyrosine ; the 
^latter are nOT cot^ured like tyrosine hut beconm 
yeliow,^hen orange and finally nupogany red. 
The na^r^f the amino acid modifies the colour 
(Abderhalden and Guggjlilieim, Zeitsch. ]^ysioL 
a Chem. 1907, 64, 331 ; also Chodat and Btanb, 
jAroh. Sm. Phjs. ^at*1907, 23^ 1^6 j 19(^24, 




) of ikG ^mino com- 
, S"i, Phys, Nat. f. 

» Jia^Hiowii that c^bon dioxido, 

^ aik)^ ammonia W produced<.mh6n 
on glyoi^e or Ovhei:(^ 
iMaIttp liiioidL* Ste fu^'‘»or Keeble/ Armstrong 
aajd johes, Proc, Royffttoc. 19] 3, 87 b, 113, .'for 
t4^ bearing of tke^.^ results on the formtTtion of 
antli^oyan pigments. 

I4€ca8e is of almost uniyo.sal distribution 
in the vegetable kingdom, Lts occurronce in 
tmimals L rare. It is soluble in Vater and active 
a(3.UdOUfl extracts are readily obtaStaed from most 
matetiaU, the potato and cabbage being 
oonvehieiht soiuroes. It is more stable towards 
heat -and alcc^ol than tjJosinase, the latter 
ibe^ de«t»oyed at 70° : jaccase is killed on 
boMi^. Most acids and substances, such as 
hydle^n Oyaqjlde and hydrogen sulphide, 
destroy its activity. 

It may be salted out from solution by 
ampioniuin sulphate. It is not specihe in its 
action but promotes the oxidation of a lai^ge 
number of ^easily oxidisable substances. It is 
roapomuible fdr the colour changes occurring in 
cut fruit likfe apples, pears, &c., the brown 
6(MQur formed being considered to be due to the 
oxidation of tannin laccase (Lindet, Oompt. 
rend. 18§6, 120, 370 j Kastle and Loevcrihart, 
Amer. Chem. J. 1904, 31, 60(5). 

The problems of industry in which oxydases 
play a part are very numerous and great develop- 
ments await their successful solution. Such 
auestions as the' prevention of the browning of 
Suits and vegetables during drying are of fhe 
utmost importance if full is to be made of 
8U(^ articles of food which are^ , relatively j 
perish'able in the fresh state : oxydases play a 
large part fA these changes. The presence of 
An oxydase probably accof^nts for the fact that 
*he perfumes o^any flowers rapidly deteriorate 
after , picking, espeoiallv if they are bruised, 
^ain, the formation of aldehydes and kfjtones 
Mtt^^eniial oils is perhapi largely due to the 
aot$ih of such enzymes \cf. Brooks, J. Amer. 
O^ Soc. 1912, 34, 67). 

In the ease of the amar beet Bunzel (Biochem. 
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dasesl 
Hyrftnic 1 

and HopJdniJ 
affords vatuam 
of oxydases is. < 
sense of tho.itord.] 
certain animal 6 
in the presence of t 
about the oxkhMdc 
xanthin to aCi4 . 
conditions. The 

other purpi^ < - 

the reduction (f ^thylene blne^ 
able that, when the liimes are ht n 
concentratjonJphyDoxanthm nednOOl 1 
as xanthin rnd therefore uric aci4 I 
at eqj^iaWelocity in each ease, 
taking up two atoms of oxygen t 

takes up one atom. It is iurtfe, 
that under aerobic conditions 
takes twice as long as xanthin for 
version into uric acid. The v : 

that the same catalytic system is 
both anaerobic oxidation and that in 
of oxygen. It is not difficult to nndcr8tah4jr|li^v 
example, that once some association nbetrwiBhv 
the cat^yst and the hydrogen and oxy|ln 
acceptors is established, the two, atoms of 
required by hypoxanthin mav bo os 
available as the one required by xanlMlt , 
tlie concentration of water which is the source .Of 
oxygen is indefinitely large. Under aerobic COft« 
ditions, the velocity of change depends onUm rate 
of supply of air ( wgen), which is rel^velyidow. 
The fact that tne enzyme can innnence two 
! centres simultaneously is qI considerable intomst, 

^ a • E. E, 

OXYDISILJn SitH,0. Awhitjtf -^ . 

stance formed by treating calcmOi sijltide 
cold dilute hydrooteioricCeig in tkn^rki 



19^13, 5G,< IBo) has shown that %nyr with carbon, teti 


powerful reducing properti^ and j 
ously inflammable to air. Tseatei" 
forms niliccU 6romt<^ SiaOHBr* i 
water to silical hydroxide^ a strom 
colour, forming sakn with hyn 
phuric acetic, and formic emd% of* j 
oolou4 and (^composed Jy Vatef. 


I^drfd^ab disturbances of growth lead and phosgehe. The 

io ^ increased oxydase content of the leaves, dised by. alk,|K8 to 
A J(he distribution of the oxydase in hydrogen (Kantaky, 

tho.iiSWH'esrf^ juices of this plant showed that Wl^, 209). 
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